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A b s t r a c t  
 

A m od i f i c a t i on of  t h e  PI D  d i g i t a l c ont rolle r a lg ori t h m , b a s e d  on t h e  
i nt rod u c t i on of  a  vi rt u a l re f e re nc e  va lu e  t h a t  ne ve r e x c e e d  a c t i ve  
c ons t ra i nt s  i n t h e  a c t u a t or ou t p u t  i s  p re s e nt e d  a nd  i nve s t i g a t e d . T h i s  i d e a  
d e ri ve d  f rom  vi rt u a l m od i f i c a t i on of  a  c ont rol e rror c a n b e  u s e d  i n d i g i t a l 
c ont rol s y s t e m s  s u b j e c t e d  b y  b ot h :  m a g ni t u d e  a nd  ra t e  c ons t ra i nt s .  
T h e  a d a p t a t i on ( t o t h e  a c t u a t or c ons t ra i nt s )  i s  p e rf orm e d  b y  a  s p e c i a l 
t ra ns f orm a t i on of  t h e  c ont rol e rror, a nd  i s  e q u i va le nt  t o i nt rod u c t i on of   
a  ne w , vi rt u a l re f e re nc e  va lu e  f or t h e  c ont rol s y s t e m . S i m u la t i on re s u lt s  f or 
d y na m i c , li ne a r S I S O  s y s t e m s  a re  p re s e nt e d  f or c om p a ri s on of  t h e  
p rop os e d  a p p roa c h  w i t h  u s e d  t e c h ni q u e s . 
 
K ey w o r d s :  Ac t u a t or c ons t ra i nt s , d i g i t a l PI D  c ont rol a lg ori t h m , w i nd -u p . 
 
D yn a m i c zn a  m od yfi k a c j a  w a rtoś c i  za d a n e j   
w  c e l u  re d u k c j i  n e g a tyw n e g o w p ł yw u   
og ra n i c ze ń  e l e m e n tu  w yk on a w c ze g o  
w  j e d n o-ob w od ow yc h  u k ł a d a c h  re g u l a c j i  P ID  

 
S t r es z c z en i e 

 
W  p ra c y  z os t a ł a  p rz e d s t a w i ona  m od y f i k a c j a  d z i a ł a ni a  c y f row e g o 
a lg ory t m u  PI D , op a rt a  na  w p row a d z e ni u  d y na m i c z ni e  z m i e nne j  w a rt oś c i  
z a d a ne j , k t ó ra  ni e  p row a d z i  d o p rz e k roc z e ni a  og ra ni c z e ń  m oż li w oś c i  
e le m e nt u  w y k ona w c z e g o. M e t od a  j e s t  op a rt a  na  d y na m i c z ne j  m od y f i k a c j i  
od c h y ł k i  re g u la c j i  i  m oż e  b y ć  s t os ow a na  w  u k ł a d a c h  re g u la c j i   
o og ra ni c z e ni a c h  a m p li t u d y  i  p rę d k oś c i  z m i a n z e s p oł u  w y k ona w c z e g o. 
Ad a p t a c j a  u k ł a d u  ( d o og ra ni c z e ń  a k t u a t ora )  j e s t  ró w now a ż na  d y na m i c z ne j  
m od y f i k a c j i  w a rt oś c i  z a d a ne j . W y ni k i  b a d a ń  s y m u la c y j ny c h , p oró w nu j ą c e  
e f e k t y  d z i a ł a ni a  m e t od y  z  i nny m i  m od y f i k a c j a m i  s t os ow a ny m i  d la  
a lg ory t m u  PI D  s ą  z a p re z e nt ow a ne  d la  d w ó c h  li ni ow y c h  u k ł a d ó w  
d y na m i c z ny c h . 
 
S ł o w a  k l u c z o w e :  C y f row e  a lg ory t m y  PI D , og ra ni c z e ni a  e le m e nt u  
w y k ona w c z e g o, w i nd -u p . 
 
1 .  In trod u c ti on  
 
C onstraints of an actu ator h av e al way s inv ol v ed  many  p robl ems 

in a p ractical  ap p l ication of d ifferent control  tech niq u es. T h ey  
h av e affected  th e basic control l er action,  p rol ong ed  control  time 
and  sometimes can ind u ce oscil l ations th at are h ard  to be d u mp ed . 
M ost k nown,  wid el y  commented  and  inv estig ated ,  is a wind -u p  
effect observ ed  in th e P I D  control . C ommonl y  u sed ,  efficient P I D  
al g orith m su ffers from two maj or d rawback s cau sed  by  th e 
actu ator ou tp u t constraints:  l imitation of th e d ifferential  action at 
sig nificant v ariations of th e control  error and  th e p rol ong ed  
integ ration of l arg e control  errors. T h e first effect,  resu l ting  in l ess 
efficient d istu rbance comp ensation,  can be p artl y  red u ced  by  th e 
introd u ction of inertia in th e d ifferential  term,  or th e control  
al g orith m mod ification,  F ig . 1 . T h e second  effect is more 
embarrassing  – th e actu ator ou tp u t satu ration y iel d s th e integ ration 

of th e control  error in a p rol ong ed  time interv al . A  p ractical  
ap p roach  to th e red u ction of th is effect is eith er to form anoth er 
sh ap e of th e reference v al u e ( e.g . a time ramp  instead  of step  
ch ang e),  mod ifications of th e integ ral  action su ch  as th e 
cond itional  integ ration,  red u ced  or ev en rev ersed  integ ration. 
T h ese meth od s h av e been introd u ced  to d ig ital  P I D  control l ers. 
S atu ration of th e actu ator ou tp u t h as been consid ered  by  many  
au th ors [ 2 ,  3 ,  4 ,  1 0 ] . O bserv ed  d eterioration of th e control  action,  
d u e to th e l imited  actu ator ou tp u t h as forced  manu factu rers of 
control l ers to introd u ce some al ternations of th e basic d ig ital  P I D  
al g orith m,  e.g .,  [ 1 ,  8 ] . T h e neg ativ e effect of th e rate constraint in 
an actu ator h as al so been noticed ,  and  some cou ntermeasu res h av e 
been p rop osed  [ 5 ] .  
 

2 .  In v e sti g a te d  c on trol  syste m  a n d  c om p a re d  
P ID  a l g ori th m s 

 
T h e p rop osed  ap p roach  can be u sed  in d ig ital  control  sy stems 

( not onl y  th e P I D  al g orith m),  with  th e same samp l ing  interv al  ∆ 
for al l  sig nal s. S amp l ed  v al u es of sig nal s are rep resented  by  th e 
corresp ond ing  su bscrip t xt ≡  x( t * ∆). C onsid ered  control  is u sed  for 
a l inear,  S I S O ,  d y namic d iscrete-time mod el  of a p l ant  
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wh ere yt is a v al u e of th e p l ant ou tp u t,  vt is a v al u e of th e actu ator 
ou tp u t and  d≥ 0  is a d iscrete p l ant d el ay . P ol y nomial s A ( q-1) and  
B ( q-1) d etermined  by  a sh ift op erator q-1 ( q-pxr = xr-p)  
 

nB
nB

nA
nA

qbqbqB
qaqaqA
−−−

−−−

+++=

+++=

...1)(
...1)(

1
1

1

1
1

1

  ( 2 ) 
 

are p rop er and  h av e real  coefficients. T h e actu ator ou tp u t vt in ( 1 ) 
is su bj ected  to constraints:  interv al  of ad missibl e mag nitu d es  
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and  actu ator ou tp u t ch ang e rate ( with in one samp l ing  interv al )  
 





∆≤≤≤
∈⇔=

≤≤≤∆−
=∆

∆∈=−

+

+−

−

−

postoff
offofft

offtneg

ttt

Vvs
ssv
svV

U

Uvvv

*0
),(0
0*

,1

σ

σ

σ

σ

                  ( 4 ) 

 
with  ex treme v al u es V n e g , Vpo s . T h e interv al  of minimu m actu ator 
v ariations ( so f f - ,  so f f + ) u sed  for th e ch attering  effect red u ction d oes 
not al ter th e control l er efficiency  and  wil l  be not consid ered  in 
fu rth er inv estig ation. T h e p rop er control l er d esig n y iel d s al way s 
reasonabl e su rp l u s of th e actu ator ou tp u t. A  p romp t reaction on  
a d istu rbance imp act d emand s a smal l  v al u e of th e samp l ing  
interv al  ∆ ,  and  th en actu ator can al ter its ou tp u t by  onl y  a fraction 
∆ * ( V n e g ,or Vpo s ) .   
A  g eneral  form of th e P I D -al g orith m can be p resented  by  th e 

fol l owing  eq u ation 
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The output signal ut of  the id eal d igital I -P I D  algorithm  c ontains 
three f orm s of  the c ontrol error proc essing ( expressed  in 
c ontinuous m od e) ,  F ig. 1 :  proportional to the c ontrol error,  
d eriv ativ e ac tion and  integral term  f or the c ontrol error asy m ptotic  
rem ov al 
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w here KP ,  TD and  TI are optim iz ed  algorithm  param eters f or the 
d ef ined  sam pling v alue ∆. 
 

 

PK  

D

DP

Ts
sTK
χ+1

 (-y )  
 
 
 
e = r -y 

  uD 

 
uP    u                   v  
 

 
uI 

Proc e s s  

D i s t u rb anc e  

     P I D  - C o n t r o l l e r         A c t ua t o r    

C ons t rai nt s  

I

P

sT
K  

 -     + r 
  

F i g .  1 .   B a si c  st r u c t u r e  o f  a  P I D  c l o se d -l o o p  c o n t r o l  sy st e m  
R y s.  1 .   P o d st a w o w a  st r u k t u r a  z a m k n i ę t e g o  u k ł a d u  r e g u l a c j i  P I D  
 
The id eal d if f erenc e operation at a short sam pling interv al ∆ 

c annot b e ad eq uately  proc essed  b y  the ac tuator,  henc e a “ real”  
f orm  of  the d isc rete-tim e d eriv ation f iltered  b y  the f irst-ord er 
inertia χTD [ 2 ,  1 0 ] ,  F ig. 1 ,  is used . The c ontrol algorithm  w ith 
optim iz ed  χ is c alled  R -P I D ,  and  is d ef ined  b y   
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The P I D  c ontrol ac tion c an b e expressed  in the f orm  of  one 

transf er f unc tion ( 6 )  or ( 7 )  b ut ind ustrial solutions [ 1 ,  8 ]  pref er  
a d istinc t im plem entation,  F ig. 1 . I t is m ore suitab le f or the 
c ontroller ac tions separate tuning and  has another ad v antage – the 
c ontroller ac tions uP, uD or uI c an b e separately  on or of f ,  and  
allow  us the b um p-less c ontrol sw itc hing b etw een hand / autom atic  
m od es. 
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w here the poly nom ial P ( q -1) is d ef ined  b y  ( 7 ) . The f ac tor ρ c reates 
a sec ond  d egree of  f reed om  ( the f irst is a c hoic e χTD)  in algorithm  
d esign. R ( q -1) in ( 7 )  is d eterm ined  b y  the f ollow ing f orm ula 
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This ty pe of  algorithm ,  w ith optim iz ed  χ and  ρ,  w ill b e c alled  
the TF -P I D  algorithm . A ll applied  P I D  algorithm s suf f er f rom  the 
ab ov e m entioned  w ind -up ef f ec t resulting f rom  the prolonged  
integration of  the c ontrol error. The m ost used  tec hniq ue f or the 
w ind -up is a c ond itional integration red uc tion,  i.e. the suspension 
of  the c ontrol error integration w hen the ac tuator output saturation 
is ob serv ed  [ 4 ,  2 0 ] . U sed  c ond itions are d if f erent b ut usually  the 
integration is suspend ed  w hen the ac tuator output m eets extrem e 
v alues,  and  the proc ess gain sign is eq ual to that of  c ontrol error.  
A  m ore ac tiv e attitud e to the w ind -up prob lem  is presented  b y  

the “ b ac k -c alc ulation”  ( B C -P I D )  approac h,  e.g.,  [ 1 1 ] . I t is b ased  
on an id ea of  the integral ac tion uI d ec rease,  w hen the saturation of  
ac tuator is ac tiv e. The input into the integral part of  the c ontroller 
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is red uc ed . A  user has to c hoic e a c onstant Tt, that together w ith 
the inertia χTD y ield s tw o d egrees of  f reed om  ( af ter optim iz ation 
of  the c ontroller param eters) . I n the c ase of  the rate saturation,  this 
tec hniq ue need s an ad d itional m easurem ent of  the ac tuator output.  
 
3. D y n a m i c  m o d i f i c a t i o n  o f  t h e  r e f e r e n c e  

i n p u t  f o r  r e m o v i n g  o f  w i n d -u p  e f f e c t s  
 
L et us c onsid er a c om pac t f orm  of  the b asic  P I D  c ontroller 

eq uation d eriv ed  f rom  ( 7 )  w ith 11 1)( −−

−= qqM  
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The output v alue ut c om b ines the c ontrol error et w ith the 
c ontroller param eters p0, p1 and  p2 and  the prev ious output v alue 
ut-1  
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A  c hange of  the c ontroller output is d eterm ined  b y  
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O utput c hanges ∆u+ and  ∆u-,  that c an b e realiz ed  b y  the ac tuator 
are d eterm ined  b y   
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W ith the ab ov e inc rem ents of  the c ontroller output,  the ac tuator 
w ill nev er exc eed  c onstraints ( 3 ) ,  ( 4 ) . I t w ill b e satisf ied  w hen the 
c ontrol error is d eterm ined  in respec t to a new  ref erenc e v alue r ’ t 
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I f  a c hange of  the c ontroller output ∆ut exc eed s the ac c eptab le 

area ( 3 ) -( 4 ) ,  a new  v irtual ref erenc e v alue r ’ t ( 1 5 )  is generated . 
This m od if ic ation red uc es the c ontrol error e’ t= r ’ t-yt v alue that is 
used  in the algorithm  at next tim e instants t + 1 , t + 2 ,  etc . I t red uc es 
the integral ac tion uI ( now  integrating the c ontrol errors e’ t )  and  
prev ents the w ind up approac h. K now n c onstraints of  the ac tuator 
( 3 ) ,  ( 4 )  c an b e integrated  in the c ontroller P L C  program . The 
algorithm  preserv es its ef f ic ienc y  at the d isturb anc e c om pensation. 
O utput c hanges ∆u- and  ∆u+ w ill prof it of  the entire ac tuator 
output range. The c ontroller output is now  d eterm ined  b y  a v irtual 
ref erenc e signal r ’ t ,  w hat j ustif ies its proposed  nam e - D y nam ic  
M od if ic ation of  the R ef erenc e v alue ( D M R -P I D )  algorithm .   
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4. C o m p a r i s o n  o f  d i f f e r e n t  d i g i t a l  P I D  
a l g o r i t h m s  

 
T est ing  was perf ormed in a closed-loop sy st em sh own in F ig . 2  

t h at  prov ides t h e possibilit y  of  comparison of  inv est ig at ed 
alg orit h ms bot h  in t h e case of  t h e ref erence v alu e ch ang e and t h e 
dist u rbance compensat ion as well. 
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F i g . 2 .  C l os e d -l oop  s y s t e m  u s e d  f or  t e s t i n g  of  c om p a r e d  P I D  a l g or i t h m s  
R y s . 2 .  U k ł a d  r e g u l a c j i  d o t e s t ow a n i a  p or ó w n y w a n y c h  a l g or y t m ó w  P I D   
 

In present ed ex amples,  t h e closed-loop cont rol q u alit y  is def ined 
by  t h e absolu t e error index   
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wh ere N1,  N2 det ermine t h e simu lat ion int erv al. T h e v ariat ions of  
rt are h ig h  enou g h  t o indu ce act u at or sat u rat ions. T h e dist u rbance 
compensat ion ef f iciency  is inv est ig at ed wit h  t h e const ant  
ref erence sig nal r0 = 0 .3 5 y m a x   in t h e presence of  an addit iv e 
dist u rbance sig nal t h at  is int rodu ced by  a low pass f ilt er  
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T h e perf ormance index  f or t h e compensat ion of  dist u rbances is 
def ined as 
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T h e ref erence f or all t est ed alg orit h ms are resu lt s ach iev ed by  t h e 
I-P ID  alg orit h m ( 6 )  wit h  paramet ers K,  TI and TD opt imiz ed f or 
t h e minimu m of  ( 1 6 )  and no const raint s ( ideal act u at or) . T h ese 
resu lt s are denot ed in T ables as I-P ID . Resu lt s ach iev ed f or t h e 
cont roller wit h  t h e same paramet ers bu t  su bj ect ed const raint s ( 3 ) ,  
( 4 )  are denot ed as S A T -P ID . A ll ot h er ment ioned alg orit h ms –  
R-P ID  ( 7 ) ,  T F -P ID  ( 9 ) ,  B C -P ID  ( 1 0 )  and D M R-P ID  ( 1 5 )  h av e 
u sed t h e same paramet ers K,  TI and TD. In all inv est ig at ed cases,  
addit ional f ree paramet ers are opt imiz ed f or t h e minimu m v alu e of  
IR index  ( 1 6 )  ( ex cept  t h e D M R-P ID  alg orit h m) . F or easy  
comparison of  resu lt s,  indices IR ( 1 6 )  and ID ( 1 8 )  are det ermined 
as a rat io I X X -P I D / I I _ P ID . A ddit ionally  f or each  alg orit h m a cont rol 
t ime TC at  st ep response and ov ersh oot  η is present ed.  
T h e comparison of  t h e closed-loop cont rol is present ed wit h  t h e 

u se of  ex amples of  t wo S IS O  linear sy st ems:  t h ird-order sy st em 
inv est ig at ed in [ 5 ]  and an oscillat ing  sy st em considered in [ 3 ] .  
 
4.1. M u l t i -i n e r t i a ,  t h i r d -o r d e r  s y s t e m  
 
A  dy namics of  t h e sy st em was represent ed by  t h e f ollowing  

linear t ransf er f u nct ion  
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In [ 5 ]  a st at e space cont roller was u sed f or closed-loop cont rol 
wit h  a compensat or of  t h e cont rol error in t h e st eady  st at e t h at  can 

cope wit h  wind-u p ef f ect s. T able 1  present s t h e resu lt s det ermined 
f or t h e opt imal paramet ers f or I-P ID  cont roller:  K = 1 .8 9 ,  TI = 2 .4 5 s,  
TD= 1 .1 2 s and t h e sampling  int erv al ∆ = 0 .2 5 s. A lg orit h ms R-P ID ,  
T F -P ID  and B C -P ID  h av e f ree paramet ers t u ned f or t h e minimu m 
of  index  ( 1 6 )  at  st ep response rt = 1 .0 . F or t h is ex periment ,   
a cont rol t ime TC and ov ersh oot  η h av e been det ermined. In case 
of  t h e sat u rat ion u∈<-2 , 2 > ,  resu lt s det ermined f or t h e I-P ID ,  are 
t h e best ,  wh ile t h e ones resu lt ed f rom t h e S A T -P ID  are t h e worst . 
W it h in alg orit h ms su bj ect ed const raint s,  t h e best  is t h e D M R-P ID  
alg orit h m wit h  a remark able adv ant ag e ov er ot h er alg orit h ms,  in 
all considered paramet ers. 
 

Tab. 1.  C ont r ol r e s u lt s  f or  t h e  p r oc e s s  G 1 ( s )  
Tab. 1.  W y ni k i  r e g u lac j i  d la p r oc e s u  G 1( s )  
 
C ont r olle r  /  

i nd e x  
I-P ID  S A T-

P ID  
R-P ID  TF -

P ID  
B C -
P ID  

D M R-
P ID  

  A c t u at or  c ons t r ai nt s :  u∈<-2 ,  2 >  
I R  X X / I R  I -P I D  1 3 .5 0  1.6 1 1.7 1 1.7 5  1.4 5  

TC [ s ] 4 .8  11.2  9 .0  8 .2  8 .5  5 .6  
η [ -] 0 .12  0 .2 2  0 .17  0 .11 0 .1 0 .0 4  
 A c t u at or  c ons t r ai nt s :  u∈<-2 ,  2 > ,  V = 0 .2 5  

I R  X X / I R  I -P I D  1 2 .8 1 2 .12  2 .0 8  2 .10  2 .0  
TC [ s ] 4 .8  10 .8  9 .7  8 .0  8 .3  6 .8  
η [ -] 0 .12  0 .2 6  0 .0 6  0 .0 8  0 .0 9  0 .0 8  

 
M ore realist ic are resu lt s ach iev ed in t h e case of  bot h  amplit u de 

and rat e const raint s,  wit h  t ransient s sh own in F ig . 3 . T h e S A T -P ID  
resu lt  was t h e worst ;  ot h er alg orit h ms present ed more or less alik e 
resu lt s ( F ig . 3 b) ,  h owev er,  t h e D M R-P ID  is ag ain t h e most  alert . 
 

  a)            b)  

  
F i g . 3 .  S t e p  r e s p ons e s  of  i nve s t i g at e d  P ID -alg or i t h m s :  a)  I-P ID ,  R-P ID ,  and   

S A T-P ID ,  b)  TF -P ID ,  B C -P ID ,  D M R-P ID  i n t h e  c as e  of  t h e  c ons t r ai nt s  
v∈<-2 , 2 > ,  V = 0 .2 5  1/ s . 

Ry s . 3 .  O d p ow i e d z i  s k ok ow e  d la r e g u lat or ó w  p r z y  og r ani c z e ni ac h   
v ∈<-2 , 2 > ,  V = 0 .2 5  1/ s .  

 
T h e cont roller ou t pu t  is at  f irst ,  F ig . 3 b,  of  t h e same sh ape as t h e 

ou t pu t  of  ot h er alg orit h ms ( B C -P ID  and T F -P ID )  du e t o 
sat u rat ions,  bu t  t h en it  h as u sed f u ll rang e of  possible ou t pu t  
v alu es,  wh en t h e compet it ors h av e u sed only  a f ract ion of  t h e 
possible ou t pu t . T h is is an ef f ect  of  prolong ed deriv at ion act ion in 
t h e cont roller,  and t h e modif ied ref erence v alu e r’ t ( 1 5 )  h as h ad 
q u it e anot h er sh ape t h an rt ,  F ig . 4 b.  
 

  a)          b)  

  
F i g . 4 .  a)  C ont r olle r  r e s p ons e s ,  b)  t r ans i e nt s  of  t h e  or i g i nal and  m od i f i e d   

r e f e r e nc e  valu e  f or  t h e  D M R-P ID :  am p li t u d e  ( u .)  and  bot h  am p li t u d e   
and  r at e  s at u r at i on ( u & v)  

Ry s . 4 .  a)  O d p ow i e d z i  r e g u lat or ó w ,  b)  z m od y f i k ow ana w ar t oś ć  z ad ana r e g u lat or a 
D M R-P ID  d la og r ani c z e ń  am p li t u d y  ( u .)  i  p r ę d k oś c i  ( u .&  v.)  
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This effect can explain why this algorithm can gain the lowest 
control time and  performance ind ex I DMR-P ID/ I I-P ID.  Transients of 
the mod ified  reference v alue,  F ig.  4b ,  are q uite alik e as the ramp 
function used  in the d riv e controllers.   
 
4.2. O s c i l l a t o r y  s e c o n d -o r d e r  s y s t e m  w i t h   

a  p r o p o r t i o n a l  t e r m  
 
I n [ 3 ] ,  a S I S O  second -ord er oscillatory system has b een tested  

with a weak  d amping factor  
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The system is troub lesome to b e controlled  with the constrained  
actuator output.  F or the actuator output within <-0 . 5 , 0 . 5 >  it can 
ind uce strong wind -up effect ( the ov ershoot close to 8 0 % ,  and  
control time 1 7 0 s) ,  while results achiev ed  in [ 3 ]  for the continuous 
P I D  controller fitted  to the k nown process representation with the 
L M I  approach hav e presented  an ov ershoot of 2 5 %  and  the control 
time of appr.  1 7 s.  I n Tab le 2  the results are gathered  of the closed -
loop control with the sampling interv al ∆ = 0 . 2 5 s and  the I-P ID  
controller with parameters K = 0 . 0 2 6 ,  TI =  0 . 1 6 s and  TD =  3 6 . 8 s 
( optimiz ed  for the minimum of IR and  the gain margin of 6 d B ) .  
The I-P ID  can achiev e q uite good  control performance.  Transients 
of the step responses for rt =  2 ,  are presented  in F ig.  5 a.  I n the case 
of the actuator output saturation with no countermeasures  
( S A T-P I D )  a v ery strong wind -up effect is v isib le.  A  comparison 
of the results d etermined  for the actuator output saturation  
u∈<-0 . 5 ,  0 . 5 >  has shown again a superiority of the D M R-P I D  
algorithm,  b oth in the case of the reference v alue transients and  for 
the d isturb ance compensation.  I n the case of the actuator output 
and  the rate saturation,  the results are alik e b ut this time the  
B C -P I D  algorithm is a little b etter than the D M R-P I D .  A  close 
inv estigation of this effect has conclud ed  in the following remark :  
in case of a v ery weak ly d amped  oscillatory process b ehav ior ( 2 0 )  
rate limitations can ind uce an oscillatory b ehav ior of the v irtual 
reference r’ t .  This effect can b e red uced  with an ad d itional 
d umping of r’ t ,  when oscillations of generated  signal r’ t are 
d etected  in the control system.  A n efficient optimiz ation of  
the I -P I D  algorithm parameters can b e performed  when  
a representation ( 1 ) , ( 2 )  is k nown.  I n the case of the Z iegler-
N ichols experiment,  parameters K,  TI ,  TD of P I D  algorithm are 
d etermined  b y k nown rules of hand -tuning for the minimum 
control time [ 2 ] .  F or the inv estigated  process G2( s ) ,  these 
parameters were eq ual K = 0 . 1 0 2 6 ,  TI =  4. 7 s and  TD= 1 . 2 s.  These 
v alues are then used  in the ab ov e mentioned  algorithms as fixed  
parameters,  and  free parameters hav e b een optimiz ed  ( for 
algorithms R-P I D ,  B C -P I D  and  TF -P I D ) .  Results of this approach 
of the controller d esign are gathered  in the last rows of Tab le 2 .  
The results of B C -P I D ,  TF -P I D  and  D M R-P I D  are v ery close,  b oth 
for the reference v alue change and  the d isturb ance compensation.  
 

  a )           b )  

  
F i g . 5 .  Re s ult s  o f  t h e  c o nt r o l t e s t i ng  f o r  t h e  p r o c e s s  G2 ( s )  w i t h  c o ns t r a i ns   

u∈<-0 .5 ,  0 .5 > :  a )  s y s t e m  o ut p ut  w i t h  t h e  I-P ID  a lg o r i t h m ,  S A T-P ID  R-P ID ,  
b )  D M R-P ID ,  B C -P ID  a nd  TF -P ID  

Ry s . 5 .  W y ni k i  m o d e lo w a ni a  d la  p r o c e s u G2 ( s )  p r z y  o g r a ni c z e ni a c h  v ∈<-0 .5 ,  0 .5 >  
 

Ta b . 2.  C o nt r o l r e s ult s  f o r  p r o c e s s  G2 ( s )  
Ta b . 2.  W y ni k i  r e g ula c j i  p r o c e s u G2 ( s )  
 
C o nt r o lle r /  

Ind e x   
I-P ID  S A T-

P ID  
R-P ID  TF -

P ID  
B C -
P ID  

D M R-
P ID  

 A c t ua t o r  c o ns t r a i nt s :  u∈<-0 .5 ,  0 .5 > ,   
IR XX / IR I -P I D 1 20 .21 4 .8 1 4 .8 5  3 .5 3  2.9 5  
TC [ s ]  11.7  5 9 .2 15 .7  23 .7  13 .7  13 .5  
ID / ID I -P I D 1 1.5 2 1.3 2 1.16  1.28  1.11 

 A c t ua t o r  c o ns t r a i nt s :  u∈<-0 .5 , 0 .5 > ,  V = 0 .25  
IR XX / IR I -P I D 1 13 .25  6 .0 4  7 .4 3  4 .9 7  5 .21 
TC [ s ]  11.7  3 6 .3  13 .7  25 .5  14 .2 15 .7  
ID / ID I -P I D 1 1.4 8  1.3 0  1.25  1.28  1.22 
Z i e g le r -N i c h o ls   A c t ua t o r  c o ns t r a i nt s :  u∈<-0 .5 ,  0 .5 >  
IR X / IR I -P I D 1 2.5 4  1.24  1.0 8  1.0 9  1.0 7  
TC [ s ]  3 1 4 7  3 5  3 2 3 5  3 4  
ID / ID I -P I D 1 1.22 1.21 1.11 1.12 1.0 9  

 
5 . C o n c l u s i o n s  
 
The proposed  approach of reference v alue d ynamic 

mod ification,  D M R-P I D ,  b ased  on the id ea of creating for system 
controller-actuator,  a new reference v alue signal seems to b e q uite 
prospectiv e.  I n all cases it is b etter than the R-P I D ,  it req uires little 
calculation effort,  and  has no tuned  parameters.  The v irtual 
reference v alue r’ t is lik e a ramp function applied  in many control 
systems b ut its shape has not to b e fixed  b efore the control start,  
what mad e the proposed  approach to b e more flexib le.  I t is 
ad apted  to the actual state of the control and  is most efficient in 
the sense of a fast control and  the d isturb ance compensation.  
The introd uced  mod ification preserv es a structure of the b asic P I D -

controller.  The only innov ation is a calculation of a new v irtual reference 
v alue r’ t ( 1 5 )  which can b e mad e without any prob lems b y the C P U  
controller.  The only new information are constraints ( 3 ) ,  ( 4)  ind uced  b y 
the actuator,  and  these hav e to b e k nown b y the d esign engineer.  The 
proposed  mod ification d oes not req uire any ad d itional tuning.   
A n ad d itional ad v antage of the proposed  approach is a separation of 

the controller parameter d esign and  the red uction actuator constraints 
effects.  O nce optimiz ed ,  the controller parameters can b e used  for 
d ifferent actuator constraints ( d ifferent actuators)  used  in the closed -
loop control.  
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