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A b s t r a c t  
 

T h e  p a p e r  d e a l s  w i t h  d i s t r i b u t e d  m e a s u r e m e n t s  a n d  c o n t r o l  s y s t e m s  f o r  
r a p i d  p r o t o t y p i n g  o f  a r t i f i c i a l  i n t e l l i g e n c e  c o n t r o l l e r  o f  f l u i d  p o w e r  d r i v e s . 
T h e  p r o p o s e d  d i s t r i b u t e d  s y s t e m  o f  m e a s u r e m e n t s  a n d  c o n t r o l  c o n s i s t s  o f  
t w o  PC  c o m p u t e r s  T a r g e t  a n d  H o s t . T h e  T a r g e t  PC  m a k e s  u p  t h e  d i r e c t  
c o n t r o l  l a y e r  a n d  i s  c o n n e c t e d  t o  t h e  c o n t r o l l e d  s y s t e m s  – f l u i d  p o w e r  
d r i v e ,  w h i l e  t h e  H o s t  PC  m a k e s  u p  t h e  s u p e r v i s o r y  c o n t r o l  l a y e r  a n d  s e r v e s  
a s  a n  o p e r a t o r  o f  t h e  d i r e c t  c o n t r o l  l a y e r . PC  c o m p u t e r s  w o r k s  i n  W i n d o w s  
e n v i r o n m e n t  w i t h  M a t l a b / S i m u l i n k  s o f t w a r e  p a c k a g e . O n  t h e  b a s i s  o f  t h e  
d i s t r i b u t e d  s y s t e m  o f  m e a s u r e m e n t s  a n d  c o n t r o l  s y s t e m  t h e  f u z z y  l o g i c  
c o n t r o l l e r  o f  e l e c t r o -p n e u m a t i c  s e r v o -d r i v e  a n d  a d a p t i v e  c o n t r o l l e r  o f  
e l e c t r o -h y d r a u l i c  s e r v o -d r i v e  w e r e  d e s i g n e d . 
 
K e y w o r d s :  d i s t r i b u t e d  m e a s u r e m e n t s  a n d  c o n t r o l  s y s t e m s ,  r a p i d  
p r o t o t y p i n g ,  f l u i d  p o w e r  c o n t r o l  s y s t e m s . 
 
Ro zp ro szo n y syst e m  ak w i zyc j i  dan yc h  
p o m i aro w yc h  i  st e ro w an i a do  szyb k i e g o  
p ro t o t yp o w an i a re g u l at o ró w   
se rw o n ap ę dó w  p ł yn o w yc h  

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

 
W  a r t y k u l e  p r z e d s t a w i o n o  k o n c e p c j ę  r o z p r o s z o n e g o  s y s t e m u  a k w i z y c j i  
d a n y c h  p o m i a r o w y c h  i  s t e r o w a n i a  d o  s z y b k i e g o  p r o t o t y p o w a n i a  
r e g u l a t o r ó w  i n t e l i g e n t n y c h  n a p ę d ó w  p ł y n o w y c h . Z a p r o p o n o w a n y  
r o z p r o s z o n y  s y s t e m  p o m i a r ó w  i  s t e r o w a n i a  s k ł a d a  s i ę  z  d w ó c h  
k o m p u t e r ó w  T a r g e t  PC  i  H o s t  PC . Ko m p u t e r  T a r g e t  PC  s t a n o w i  w a r s t w ę  
s t e r o w a n i a  b e z p o ś r e d n i e g o  i  p o ł ą c z o n y  j e s t  z  o b i e k t e m  r e g u l a c j i  – 
s e r w o n a p ę d e m  p ł y n o w y m . Ko m p u t e r  H o s t  PC  s t a n o w i  w a r s t w ę  
s t e r o w a n i a  n a d r z ę d n e g o  o r a z  p e ł n i  r o l ę  o p e r a t o r a  w  s t o s u n k u  d o  
s t e r o w a n i a  b e z p o ś r e d n i e g o . Ko m p u t e r y  PC  p r a c u j ą  w  ś r o d o w i s k u  
W i n d o w s  z  o p r o g r a m o w a n i e m  M a t l a b / S i m u l i n k . W  o p a r c i u  o  r o z p r o s z o n y  
s y s t e m  p o m i a r ó w  i  s t e r o w a n i a  z a p r o j e k t o w a n o  r e g u l a t o r  r o z m y t y  d o  
s e r w o n a p ę d u  e l e k t r o p n e u m a t y c z n e g o  i  r e g u l a t o r  a d a p t a c y j n y  d o  
s e r w o n a p ę d u  e l e k t r o h y d r a u l i c z n e g o . 
 
S ł o w a  k l u c z o w e :  r o z p r o s z o n y  s y s t e m  p o m i a r ó w  i  s t e r o w a n i a ,  s z y b k i e  
p r o t o t y p o w a n i e ,  s y s t e m  s t e r o w a n i a  n a p ę d ó w  p ł y n o w y c h . 
 
1 .  In t ro du c t i o n  
 
I n  t h e  e x t e n d e d  p r o c e d u r e s  o f  d a t a  a c q u i s i t i o n  a n d  p r o c e s s i n g  

m e a s u r e m e n t  w h e n  t h e  a d v a n c e d  c o n t r o l  a l g o r i t h m s  i n  f l u i d  p o w e r  
c o n t r o l  d r i v e s  ( e l e c t r o -h y d r a u l i c  s e r v o -d r i v e  a n d  e l e c t r o -
p n e u m a t i c  s e r v o -d r i v e )  a r e  a p p l i e d  b o t h  t h e  p r o c e s s i n g  c a p a c i t y  
a n d  P L C  c o n t r o l l e r s  c o m m u n i c a t i o n s  a r e  c o n s i d e r a b l y  l i m i t e d .  O n  
t h e  b a s i s  o f  P C  c o m p u t e r s  r u n n i n g  W i n d o w s  X P  e n v i r o n m e n t  w i t h  
M a t l a b / Si m u l i n k  s o f t w a r e  p a c k a g e  a d v a n c e d  c o n f i g u r a t i o n s  o f  

d i s t r i b u t e d  m e a s u r e m e n t ,  c o n t r o l  a n d  a d j u s t m e n t  s y s t e m s  w e r e  s e t  
u p .  T o  f a c i l i t a t e  d a t a  a c q u i s i t i o n  a n d  c o n t r o l  f l u i d  p o w e r  d r i v e s   
a  d i s t r i b u t e d  e n v i r o n m e n t  r u n n i n g  o n  t w o  P C  c o m p u t e r s  w a s  
c r e a t e d .  T h e  f i r s t  c o m p u t e r  d i r e c t l y  c o n t r o l s  i s  c o n n e c t e d  t o  
c o n t r o l l e d  s y s t e m s  – f l u i d  p o w e r  d r i v e r  w h i l e  t h e  s e c o n d  f u n c t i o n s  
a s  a  s u p e r v i s o r y  c o n t r o l  l a y e r  a n d  t h e  o p e r a t o r  t o w a r d s  t h e  d i r e c t  
c o n t r o l  l a y e r .  I n  t h e  s u p e r v i s o r y  c o n t r o l  l a y e r  c o m p l e x  c o n t r o l l e d  
p r o c e s s i n g  i s  c a r r i e d  o u t ,  t h e  s t a t e  o f  c o n t r o l l e d  s y s t e m  i s  a n a l y z e d  
a n d  t h e  p a r a m e t e r s  o f  c o n t r o l  p r o c e d u r e s  a r e  a d j u s t e d  t o  o b t a i n  t h e  
o p t i m a l  c o n t r o l  c o n d i t i o n s .  T h e  s u p e r v i s o r y  c o n t r o l  l a y e r  i n  
a d d i t i o n  t o  i d e n t i f i c a t i o n  a n d  o p t i m i z a t i o n  p r o c e d u r e s  m a y  c o n t a i n  
a  m o d e l  o f  c o n t r o l l e d  s y s t e m  w i t h  c o n t r o l  a l g o r i t h m .  I n  t h e  d i r e c t  
c o n t r o l  l a y e r  t h e  p r o c e s s i n g ,  m e a s u r e m e n t  a n d  f i l t r a t i o n  
p r o c e d u r e s  a r e  c o n d u c t e d .  T h e  s u p e r v i s o r y  c o n t r o l  s y s t e m  
g e n e r a t e s  e x e c u t a b l e  f i l e s  a n d  s e n d s  t h e m  t o  t h e  d i r e c t  c o n t r o l  
s y s t e m .  D a t a  t r a n s m i s s i o n  b e t w e e n  P C  c o m p u t e r s  i s  c a r r i e d  o u t  b y  
T C P / I P  p r o t o c o l  ( L A N ,  E t h e r n e t )  o r  b y  m e a n s  o f  s e r i a l  p o r t s  o f  
R S2 3 2  t y p e .  I n d u s t r i a l  d i s t r i b u t e d  m e a s u r e m e n t  a n d  c o n t r o l  
s y s t e m s  a r e  b a s e d  o n  E t h e r n e t  n e t w o r k s .  T h e  P C  c o m p u t e r s  u s e d  
i n  r e a l  t i m e  s y s t e m s  g e n e r a t e  s a m p l i n g  f r e q u e n c y  u p  t o  1 0 0  k H z .  
Sa m p l i n g  f r e q u e n c y  d e p e n d s  u p o n  p r o c e s s i n g  s p e e d  a n d  
c o n t r o l l e d  s y s t e m s '  p a r a m e t e r s .  D i s t r i b u t e d  m e a s u r e m e n t s  a n d  
c o n t r o l  s y s t e m s  s u p p o r t  m a n y  i n p u t / o u t u p  f o r m a t s  w h i l e  
a d d i t i o n a l  m o d u l e s :  xPC Target Explorer l u b  xPCrc tool a r e  u s e d  
f o r  d a t a  p r o c e s s i n g  a n d  a c q u i s i t i o n .  
T h e  p r o p o s e d  d i s t r i b u t e d  m e a s u r e m e n t s  a n d  c o n t r o l  s y s t e m s  

b a s e d  u p o n  t w o  P C  c o m p u t e r s  H o s t  a n d  T a r g e t  i s  s h o w n  o n  t h e  
F i g .  1 .   
 
 

  
F ig .  1 .   S c h e m a t ic  d ia g r a m  o f  d is t r ib u t e d  m e a s u r e m e n t s  a n d  c o n t r o l  s y s t e m s   

f o r  f l u id  p o w e r  d r iv e s  
 
T h e  d i s t r i b u t e d  s y s t e m  w a s  u s e d  f o r  r a p i d  p r o t o t y p i n g  o f  f l u i d  

p o w e r  s e r v o -d r i v e s  ( e l e c t r o  h y d r a u l i c  a n d  p n e u m a t i c  s e r v o -d r i v e s )  
i n  r e a l  t i m e .  O n  P C  c o m p u t e s  M a t l a b / Si m u l i n k  a n d  xPC Target 
w e r e  i n s t a l l e d . I n  M a t l a b / Si m u l i n k  p a c k a g e  i t  i s  p o s s i b l e  t o  c r e a t e  
p r o c e s s i n g  p r o c e d u r e s  f o r  b o t h  c o n v e n t i o n a l  a n d  a r t i f i c i a l  
i n t e l l i g e n c e  c o n t r o l l e r s  a n d  t o  e x e c u t e  o w n  c o n t r o l  a n d  
v i s u a l i z a t i o n  a p p l i c a t i o n s .  P C  h a s  t h e  c a r d  o f  a n a l o g  i n p u t / o u t p u t  
a n d  R eal-Ti m e xPC Target s y s t e m  w h i c h  i s  u s e d  f o r  m e a s u r e m e n t  
d a t a  a c q u i s i t i o n  a n d  f l u i d  p o w e r  d r i v e s  c o n t r o l .  T a r g e t  P C  c a n  
s i m u l a t e  t h e  f l o w  o f  c o n t r o l  a n d  m e a s u r e m e n t  s i g n a l s  i n  r e a l  t i m e  
b y  m e a n s  o f  H I L  ( H ard w are-i n -th e-L oop)  m e t h o d . A p p l i c a t i o n s  
r u n  b y  Si m u l i n k  m o d e l  u s e  a  r e a l  t i m e  k e r n e l  o f  t h e  P C  c o m p u t e r .  
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Host PC and Target PC communicate with each other by TCP/I 
p rotocol .  The communication of  sup erv isory control  l ayer in Host 
PC with direct control  l ayer in Target PC may occur continuousl y,  
p eriodical l y or at op erator' s sp ecif ied time interv al s.  The sof tware 
suite used in Host PC and Target PC and connections between the 
two comp uters are shown on F ig.  2 .  W ork ing with the rap id 
p rototyp ing suite consists in buil ding a model  of  the control  
al gorithm in S imul ink .  N ex t the model  is comp il ed and sent to the 
Target PC which serv es as the control l er of  f l uid p ower driv es 
together with the inp ut/outp ut card and the Real-T i m e x P C  T ar g et  
system.  M easurement sensors and transducers are attached to the 
Target PC through the measurement card.  Thank s to x P C  T r ag et  
S p y sof tware the v isuial iz ation of  the p rocessed data and the 
anal ysis of  the p rocess of  control l ing f l uid p ower driv es is 
p ossibl e.   
 
 

 
 
F i g .  2 .   D i a g r a m  o f  H o s t  P C  a n d  T a r g e t  P C  c o n n e c t i o n s  a c c o r d i n g  t o  [ 1 ]  
 
The p rop osed distributed measurement and control  system 

enabl es rap id p rototyp ing of  intel l igent control l ers al l owing tuning 
of  current control l er p arameters in real  time as wel l  as p rognosing 
the f uture behav iour of  the control  p rocess.  E x amp l es of  rap id 
p rototyp ing of  f uz z y l ogic control l ers and adap tiv e control l ers of  
f l uid p ower driv es are p resented in the f ol l owing sections of  the 
p ap er.  
 

2. D i s t r i b u t e d  c o n t r o l  s y s t e m  f o r  r a p i d  
p r o t o t y p i n g  o f  f u z z y  l o g i c  c o n t r o l l e r  

 
O n the basis of  the p rop osed distributed measurement and 

control  system a test stand f or f ast p rototyp ing of  f uz z y l ogic 
control l er of  el ectro-p neumatic serv o-driv es was set up .  The 
distributed control  system with F L C ( F u z z y L o g i c  C o n t r o ller ) of  
PD  typ e control l ing p neumatic serv o-driv e is schematical y 
p resented in F ig.  3  [ 2 ] .  F uz z y PD  control l er constructed in F uz z y 
L ogic Tol l box  of  M atl ab S imul ink  p ack age was suggested f or the 
p urp ose of  control l ing p neumatic serv o-driv e.  The p neumatic 
serv o-driv e together with f uz z y PD  control l er constitute a system 
of  M IS O  typ e with two inp uts:  p osition error e( t )  = yo–y( t )  and 
change of  p osition error ∆ e( t )  and one outp ut:  p rop ortional  v al v e 
coil  v ol tage u ( t ) .  O utp ut and inp ut signal s underwent f uz z if ication 
p rocess with regul ar distribution of  7  f uz z y sets of  triangul ar and 
trap ez oid membership  f unctions).  The database rul es of  f uz z y 
control l er are 4 9  M ac V icar-W hel en rul es described in the tabl e 
entered to F uz z y L ogic Tool box .  In the inf erence p rocess the 
f iring degree was determined by means of  M IN  op erator,  
imp l ication op erator and al l  the inp uts of  p articul ar rul es were 
aggregated by M A X  op erator.  In the def uz z yf ication p rocess the 

center-of -grav ity-method ( CO G ) was ap p l ied.  The dial ogue 
window ” R ul e V iewer”  of  F uz z y L ogic Tool box   is a k ind of  
diagnostic dev ice which enabl es tracing which f uz z y rul es were 
activ ated on p articul ar states of  inp ut.  It al so enabl es observ ation 
of  f uz z y system outp ut v al ue.   The f uz z y l ogic control l er of  PD  
typ e was tuned by means of  S imul ink  R esp onse O p timiz ation 
Tool box  of  M atl ab-S imul ink  p ack age.   
 
The test stand consists of  the f ol l owing el ements:   
 
• p neumatic rodl ess cyl inder ( F esto D G P-2 5-2 2 4 ) with p iston 
diameter of  2 5 mm and strok e l ength of  2 2 4  mm,  

 
• serv o-v al v e – p rop ortional  5/3  directional  control  v al v e ( F esto 
M PY E -5-1 /8 -HF -0 1 0 -B ) control l ed by 0 -1 0  V  v ol tage of  
nominal  f l ow rate 7 0 0  l /min and switching f req uency 1 0 0  Hz ,  

 
• non-contact microp ul se disp l acement transducer ( B al l uf f  B TL 5-
A 1 1 -M 0 6 0 0 -P-S 3 2 ),  anal og outp ut signal  – v ol tage 0 -1 0  V ,  

 
• 1 6 -bit measurement card ( M easurement Comp uting 
Corp oration A D /D A  PCI-D A S 1 6 0 2 /1 6 ) with 8  anal og inp uts 
and 2  outp uts,  

 
• PC comp uters Host and Target.  
 
 
 

 
 
F i g .  3 .   S c h e m a t i c  d i a g r a m  o f  e l e c t r o -p n e u m a t i c  s e r v o -d r i v e  c o n t r o l  s y s t e m  [ 3 ]  
 
The p rop osed p neumatic serv o-driv e distributed control  system 

contains two PC comp uters Target and Host where the f irst 
comp uter directl y control s the p neumatic serv o-driv e and the 
second f unctions as the op erator towards the direct control  l ayer.  
In the comp uter mark ed as Host the sof tware M atl ab-S imul ink  
together with x PC Target f or rap id p rototyp ing and real  time 
control  were instal l ed.  Target p ossesses an anal og I/O  card and  
a real -time x PC Target system which activ ates measurement data 
and control s p neumatic serv o-driv e.  Host and Target communicate 
with each other by means of  the TCP/IP p rotocol .  O ur work  with 
the p ack age f or rap id p rototyp ing consisted in construction and 
comp il ation of  S imul ink  model ,  and sending the comp il ed model  
onto Target which together with anal og I/O  card and R eal -Time 
x PC Target system f unctioned as real  control l er.  Thank s to x PC 
Target sof tware,  the v isual iz ation of  the anal yz ed control  p rocess 
was p ossibl e.  The f uz z y l ogic PD  control l er enabl es p recise 
p ositioning of  p neumatic serv o-driv e with the p recision sp ecif ied 
f or industrial  manip ul ators.  A  l ot of  simul ation and ex p erimental  
tests were carried on p neumatic serv o-driv e with f uz z y control l er 



PAK v o l .  54 ,  n r  5/2 0 0 8     275 
 

which was used for its transpose and follow-up control.  T he 
desig ned fuz z y  sy stem  is efficient,  stab le and resistant to 
disturb ances and can b e applied in any  config urations of 
pneum atic serv o-driv e without necessity  to tune the reg ulator,  
apply  sig nal filtration or additional operations in track  control or 
restrict the sig nals g enerated.  T he control sy stem  using  fuz z y  log ic 
control was constructed and practically  applied in v arious serv o-
pneum atic sy stem s used in production autom ation – especially  in 
the control of m anipulating  m achines,  m anipulators,  industrial 
rob ots as well as rehab ilitation and phy siotherapy  m anipulators [ 4 ] .  
 
3. D i s t r i b u t e d  c o n t r o l  s y s t e m  f o r  r a p i d  

p r o t o t y p i n g  o f  a d a p t i v e  c o n t r o l l e r  
 
O n the b asis of the distrib uted m easurem ent and control sy stem  

a test stand for rapid prototy ping  of adaptiv e controller of electro-
hy draulic serv o-driv e was set up [ 5 ] .  T o test electro-hy draulic 
serv o-sy stem  control alg orithm s the ex perim ental test stand 
presented in F ig .  4  was constructed.   
 
 

 
 
F i g .  4 .   S c h e m a t i c  d i a g r a m  o f  e l e c t r o -h y d r a u l i c  s e r v o -d r i v e  c o n t r o l  s y s t e m  
 
T he ex perim ental test stand consists of two separately  

controlled control ob j ects com posed of hy draulic cy linders 
controlled b y  serv o-v alv es ( proportional 4 / 3  v alv es).  T he load in 
the analy sed electro-hy draulic serv o-driv e resulted from  slide and 
resistance m ov em ent caused b y  load cy linder.  T he proposed 
electro-hy draulic serv o-driv e control sy stem  contains two P C  
com puters T arg et P C  and H ost P C  where the first com puter 
directly  controls the hy draulic serv o-driv e and the second 
functions as the operator towards the direct control lay er.  I n the 
com puter m ark ed as H ost P C  the software M atlab -S im ulink  
tog ether with x P C  T arg et for identifications and real tim e control 
were installed.  T arg et possesses an analog  and dig ital I / O  card and 
a R eal-T im e x P C  T arg et sy stem  which activ ates m easurem ent data 
and controls hy draulic serv o-driv e.  H ost P C  and T arg et P C  
com m unicate with each other b y  m eans of the T C P / I P  protocol.   
I n the m easurem ent sy stem  of hy draulic cy linders D A C  and  
A D C  conv erters of P C I –D A S 1 6 0 2 / 1 6  ty pe m anufactured b y  
M easurem ent C om puting  C orporation were used.  P iston 
displacem ent y(t) of hy draulic serv o-cy linder was conducted b y  
m eans of optical transducer.  T o m easure pressure v alues in 
cy linder cham b ers p1 (t) i p2 (t) and pressure in supply  line po and 

F force ex erted b y  load cy linder tensom etric transducers were 
used.  T he im plem ented software enab les effectiv e desig n of 
adaptiv e control sy stem s b y  dev eloping  m ethods and techniq ues of 
identify ing  ob j ects and their m athem atical m odels off-line or in 
real tim e [ 6 ] .  T he distrib uted control sy stem  enab les rapid 
prototy ping  of adaptiv e controllers resistant to random  
interferences resulting  from  sudden chang es of m asses and load 
forces electro-hy draulic serv o-driv e [ 7 ] .  I n hy drostatic serv o-
driv es the attem pts are m ade to work  out such control alg orithm s 
which would b e insensitiv e to outer disturb ances caused b y  load 
m ass and ex ternal forces and would ensure hig h precision of 
positioning  and g ood dy nam ic properties.  S erv o-hy draulic 
positioning  sy stem s find wide application in the m anipulators and 
rob ots.  
 
4 . C o n c l u s i o n  
 
T he article presents the idea of a distrib uted sy stem  for 

acq uiring  m easurem ent data and a control sy stem  for the rapid 
prototy ping  of artificial intellig ence controllers of fluid power 
driv es.  T he proposed m easurem ent and control sy stem  consists of 
two com puters:  H ost P C  and T arg et P C .  T he T arg et P C  m ak es up 
the direct control lay er and is connected to the controlled sy stem s 
( hy draulic and pneum atic serv o-driv e),  while the H ost P C  m ak es 
up the superv isory  control lay er and serv es as an operator of the 
direct control lay er.  T he distrib uted sy stem  for m easurem ent and 
control and the software for H I L  ( H a r d w a r e-i n -th e-L o o p) 
sim ulation and rapid prototy ping  in real tim e was used to desig n 
the fuz z y  log ic controller F L C  of P D  ty pe for electro-pneum atic 
serv o-driv e and adaptiv e controller for electro-hy draulic serv o-
driv e.  A S -I nterface ( A c tu a to r  S en s o r  I n ter f a c e) was used in the 
outlined distrib uted m easurem ent and control sy stem ,  in which 
actuators i sensors constitute an integ ral whole,  b oth with respect 
to software and hardware.  T he idea of a two-com puter distrib uted 
m easurem ent and control sy stem  allows for the desig n of hig hly -
efficient,  intellig ent control sy stem s for fluid power serv o-driv es 
with adj ustab le config urations.  T he distrib uted sy stem ,  as an 
independent set of m easurem ent and control elem ents with P C  
com puters is used in m odern control,  adj ustm ent and I T  sy stem s.  
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