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A b s t r a c t  
 

T h e  p ap e r  p r e s e nt s  r e s ult s  of  c om p ar at iv e  analys is  of  t h e  c ont r ol s ys t e m  
int r od uc ing  d ynam ic  d e c oup ling  and  t h e  r ob us t  t w o-d e g r e e s  of  f r e e d om  
c ont r ol s ys t e m  w it h  t h e  us e  of  t h e  d e c oup le d  m od e l of  t h e  M I M O  p r oc e s s .  
T h e  m od e l loop  of  t h e  M F C  is  d e s ig ne d  w it h  t h e  us e  of  d ynam ic   
d e c oup ling  alg or it h m .  T h e  c or r e c t ing  c ont r olle r  in t h e  s e c ond ar y loop  us e s  
t h e  c ont r ol law  b as e d  on t h e  k now le d g e  of  d if f e r e nc e  b e t w e e n t h e  m od e l 
and  t h e  p r oc e s s  out p ut s .  I t  is  a s t at ic  d iag onal m at r ix .  Pr e s e nt e d   
c om p ar at iv e  r e s ult s  f r om  t h e  t r ac k ing  p r oc e s s e s  of  yaw  ang le  and  p os it ion 
of  t h e  d r ills h ip  p oint  t h e  p os s ib ilit y t o int r od uc e  t h e  M F C  s c h e m e  int o t h e  
c ont r ol s ys t e m  of  s uc h  p r oc e s s .  M od e l and  t h e  m ain c ont r ol loop  ar e  
d e r iv e d  f or  t h e  nom inal c as e .  T h e  r e s ult s  ob t aine d  f or  t h e  ot h e r  w or k ing  
c ond it ions  s h ow s  t h e  ad v ant ag e s  of  p r op os e d  h e r e  s olut ion.  
 
K e y w o r d s :  D ynam ic  d e c oup ling ,  r ob us t  c ont r ol,  M od e l-F ollow ing   
C ont r ol,  M I M O  ( m ult i-inp ut  m ult i-out p ut ) ,  m ult iv ar iab le  c ont r ol s ys t e m s .  
 
O m o ż l i wo ś c i  z as t o s o wan i a u k ład u  M F C   
d o  s t er o wan i a p r o c es am i  o  wi el u  wej ś c i ac h   
i  wi el u  wy j ś c i ac h  

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

 
Ar t yk uł  p r e z e nt uj e  w ynik i analiz y p or ó w naw c z e j  uk ł ad u r e g ulac j i d la 
ob ie k t ó w  o w ie lu w e j ś c iac h  i w ie lu w yj ś c iac h  M I M O ,  z ap r oj e k t ow ane g o  
z  uż yc ie m  alg or yt m u d ynam ic z ne g o od s p r z ę g ania,  or az  od p or ne g o uk ł ad u 
r e g ulac j i M F C ;  z ak ł ad a s ię  p r z y t ym ,  ż e  w  p ę t li g ł ó w ne j  r e g ulat or  
w yz nac z ony j e s t  w  d r od z e  s ynt e z y z  uż yc ie m  d ynam ic z ne g o od s p r z ę g ania 
d la nom inalne g o m od e lu liniow e g o,  w yz nac z one g o d la w yb r ane g o p unk t u 
p r ac y ob ie k t u,  nat om ias t  r e g ulat or  k or e k c yj ny,  b az uj ą c y na inf or m ac j i na 
t e m at  r ó ż nic y p om ię d z y w yj ś c iam i m od e lu i p r oc e s u m a p os t ać  
d iag onalne j  m ac ie r z y w z m oc nie ń .  Pr z e d s t aw ione  p or ó w nanie  p r oc e s u 
r e g ulac j i p oz yc j i i k ą t a k ur s ow e g o s t at k u w ie r t nic z e g o d la om aw ianyc h  
r oz w ią z ań  w s k az uj e  na m oż liw oś ć  w yk or z ys t ania uk ł ad u M F C  d o 
s t e r ow ania t e g o t yp u p r oc e s e m .  M od e l or az  g ł ó w na p ę t la s t e r ow ania 
ob lic z ane  s ą  d la nom inalne g o k ą t a k ur s ow e g o,  nat om ias t  w ynik i uz ys k ane  
d la inne j  w ar t oś c i t e g oż  k ą t a w yk az uj ą ,  ż e  p r op onow ane  w  p r ac y 
r oz w ią z anie  z ac h ow uj e  d ob r e  w ł aś c iw oś c i d la z nac z ą c e j  p e r t ur b ac j i k ą t a 
k ur s ow e g o s t at k u.  
 
S ł o w a  k l u c z o w e :  D ynam ic z ne  od s p r z ę g anie ,   r e g ulac j a od p or na,  r e g ulac j a 
t yp u m od e l-f ollow ing ,  uk ł ad y M I M O ,  w ie low ym iar ow e  uk ł ad y 
s t e r ow ania.  
 
1 .  I n t r o d u c t i o n  
 
F or many years,  and ev en b ef ore th e term of  rob ustness w as 

used,  c ontrol eng i neers w ere look i ng  f or c ontrol law s i nsensi ti v e 
to th e v ari ati ons of  th e system to b e c ontrolled,  later c alled 
perturb ati ons.  T h ese c ontrol law s sh ould i mprov e th e c ontrol 
q uali ty i n th e c ase of  w i de c lass of  proc esses,  M I M O  (multi -i nput 
multi -output)  i nc luded.   
T ypi c al approac h  i n th e c ase of  c ontrol of  M I M O  proc esses i s 

dynami c  dec oupli ng .   
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A s an i dea of  dynami c  dec oupli ng  h as b een c onsi dered b y many 
auth ors f or many years th ere are many di f f erent dec oupli ng  
meth ods av ai lab le.  I n th i s paper h ow ev er,  an alg ori th m proposed 
i n [ 1  – 4 ]  i s appli ed.  I t i s desi g ned and may b e used f or li near  
m-i nput l-output b oth  i nv erti b le w i th  m = l and ri g h t i nv erti b le 
w i th  m > l plants desc ri b ed b y proper rati onal f ull rank  transf er 
matri x  T(s) .  P lants c an b e unstab le,  non-mi ni mum ph ase or b oth .  
T h e dynami c  dec oupli ng  uses th e nomi nal plant’ s model f or th e 

desi g n of  th e c ontroller.  O b v i ously i t h as to c ontrol th e real 
perturb ed proc ess.  T h ose v ari ati ons are typi c ally b ounded,  b ut also 
– unk now n.  I t c an b e seen th at some perturb ati ons led to loss of  
q uali ty or/ and ev en stab i li ty.  
T h e c ontroller desi g ned w i th  th e use of  dynami c  dec oupli ng  i s 

opti mal only f or th e nomi nal c ase.  
T h ere i s a lac k  of  q uali tati v e assessment of  dynami c  dec oupli ng  

desi g n proc edure i n th e c ase of  c ontrol of  perturb ed proc esses.  
Q uanti tati v e ev aluati on c an b e proc essed only f or th e parti c ular 
c ases.  
R ob ust M F C  system,  proposed i n [ 5 ] ,  and th en i ntensi v ely 

dev eloped [ 7 ,  8 ] ,  i s k now n of  i ts outstandi ng  rob ustness f or plant 
parameter and/ or struc ture perturb ati ons [ 6 ] ,  as w ell as th e g reat 
di sturb anc es’  dumpi ng  at th e i nput and at th e output of  th e plant to 
b e c ontrolled.  A lso th e i nf luenc e of  nonli neari ty of  th e system i s 
h ardly reduc ed i n th e c ase of  M F C  usag e.  
T h e paper c onsi ders th e employment of  rob ust M F C  f or th e 

perturb ed M I M O  system.  A s i t i s assumed,  th e perturb ati ons are 
unk now n b ut b ounded.  A noth er assumpti on i s th at th e 
perturb ati ons don’ t alter th e proc ess struc ture.   
T h e paper i s of  deb atab le c h arac ter and i s th e sh ort summary of  

th e f i rst stag e of  researc h  w ork  on M I M O -M F C  c ontrol system.  
 

2 .  Dy n am i c  d ec o u p l i n g  
 
T h e g oal of  c ontrol i s to mai ntai n stab i li ty of  th e system and at 

th e same ti me to sati sf y many oth er req ui rements i n order to 
ac h i ev e h i g h  perf ormanc e of  c ontrol proc esses.  I t may b e v ery 
di f f i c ult to reali z e th ese req ui rements espec i ally f or c omplex  
multi -i nput multi -output plants,  mai nly due to c oupli ng  of  th e 
plant i nputs w i th  di f f erent outputs.  T h i s i s w h y dec oupli ng  of  th e 
M I M O  systems plays a v ery si g ni f i c ant role i n desi g ni ng  i ts 
c ontrol systems.  I t allow s us to c onsi der eac h  dec oupled loop 
i ndependently of  any oth er one.  W h en th e row -b y-row  (di ag onal)  
dec oupli ng  i s appli ed to th e system a set of  si ng le-i nput si ng le-
output sub systems,  w h i c h  are easi er to c ontrol,  i s ob tai ned.  
T h e g oal w e pursue i s to ob tai n a dec oupled c ontrol system i n 

w h i c h  eac h  loop of  a multi purpose system def i ned b y pai rs of  
ref erenc e and output si g nals 0 ( ), ( )i it ty y  f or 1, ,i l= K  c ould b e 
c ontrolled i ndependently of  oth er parts j i≠ .  M oreov er,  eac h  part 
of  th e system sh ould b e desi g ned w i th  i ndi v i dually supposed 
dynami c  properti es ac c ordi ng  to th e g i v en c lass of  ref erenc e si g nals 

0 ( ) il
i t R∈y .  A ll of  th e ab ov e menti oned g oals c an b e ac h i ev ed i n  
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a control system structure presented  i n F i g . 1 ,  w h i ch  contai ns th e 
d ynami c f eed f orw ard  compensator,  th e L uenb erg er ob serv er w i th  
f eed b ack  matri x  F  and  th e d ecoupled  d i ag onal controller. 
 

  
F i g .  1 .   S t r u c t u r e  o f  t h e  d e c o u p l e d  c o n t r o l  s y s t e m  
R y s .  1 .   S t r u k t u r a  o d s p r z ę g n i ę t e g o  s y s t e m u  s t e r o w a n i a  
 
W e consi d er a controllab le and  ob serv ab le li near L T I  M I M O  

mod el of  th e plant d ef i ned  b y th e state and  output eq uati ons 
 

 ( ) ( ) ( ) ( )
( ) ( ) ( )
t t t t

t t t

= + +

= +

&x Ax Bu Er
y C x D u

            (1 ) 

 
w h ere ( ) nt R∈x ,  ( ) mt R∈u  and  ( ) lt R∈y  (m ≥ l) are th e state,  
i nput and  output v ectors respecti v ely. T h e v ector ( ) rt R∈r  
d escri b es d etermi ni sti c (non-d i mi ni sh i ng ) d i sturb ances. I n th e 
polynomi al matri x  approach  transf er matri ces of  all elements of  
th e system are d ef i ned  b y pai rs of  polynomi al matri ces ei th er 
relati v ely ri g h t pri me ( r . r . p . ) f or plants,  or relati v ely lef t pri me 
( r . l. p . ) f or oth er elements. A pplyi ng  th i s approach ,  th e plant mod el 
(1 ) can b e transf ormed  i nto th e relati v ely pri me matri x  f racti on 
d escri pti on i n th e f req uency s-d omai n as f ollow s 
 

 1 1
1 1 3 3( ) ( ) ( ) ( )s s s s− −= +y B A u A B r              (2 ) 

w h ere 
 1 1

1 1( ) ( ) ( )ns s s− −= − +B A C I A B D              (3 ) 
and  

 1 1
3 3( ) ( ) ( ) ( )ns s s s− −= −A B C I A E r              (4 ) 

 
S i nce th e transf ormed  d i sturb ance v ector ( )sr  i s i nclud ed  i nto 

th e transf er matri x  (4 ) th e symb ol r  i n th e eq . (2 ) d enotes  
a “ f i cti ti ous”  i mpulsi v e i nput si g nal appli ed  to th e d etermi ni sti c 
d i sturb ance mod el. 
S i mi larly,  as i n th e d i sturb ance v ector ( )sr  case,  th e ref erence 

si g nal v ector ( )o sy  i s g enerated  f rom th e ref erence mod el d ef i ned  
b y (unstab le) stri ctly proper transf er matri x  f uncti ons (possi b le 
w i th  d i f f erent transf er f uncti ons f or each  ref erence si g nal) 
 

 1( ) ( ) ( )o o o os s s−

=y A B y       (5 ) 
 

w i th  th e i mpulsi v e si g nal i nput oy . 
T h e f eed b ack  law ,  employed  to d ecouple th e system (th e li near 

state v ari ab le f eed b ack  along  w i th  d ynami c f eed f orw ard ) i s 
d escri b ed  b y 
 
 1 1

0( ) ( ) ( ) ( ) ( ) ( ) ( )s s s s s s s− −= +u G L f G L q     (6 ) 
w h ere 

 ( ) ( ) ( ) ( )tsss p FxxFf
∆
==          (7 ) 

 
( )p sx  i s a L aplace transf orm of  a parti al state v ector of  th e plant,  

G(s)∈R[s]m×m,  L(s)∈R[s]m×l ,  L0(s)∈R[s]m×m,  F(s)∈R[s]m×m – 
polynomi al matri ces such  th at 1

0( ) ( )s s−G L  and  1( ) ( )s s−G L  are 
proper and  1

1( ) ( )s s−F A  i s stri ctly proper. W i th out any lose of  
g enerali ty th e matri x  0 ( )sL  may b e tak en as 0 ( ) ms =L I . T h en th e 
system h as th e structure presented  i n F i g . 2 . 

  
F i g .  2 .   St r u c t u r e  o f  t h e  d e c o u p l e d  c o n t r o l  s y s t e m  w i t h  i n a c c e s s i b l e  p l a n t ’ s   

s t a t e  v e c t o r  
R y s .  2 .   St r u k t u r a  o d s p r z ę g n i ę t e g o  s y s t e m u  s t e r o w a n i a  z  n i e d o s t ę p n y m   

w e k t o r e m  s t a n u  
 
A ccord i ng  to th i s sch eme th e consi d ered  multi purpose control 

systems are sui tab ly d ef i ned  i n s-d omai n b y:  proper and  possi b le 
" low -ord er"  transf er matri x  1( ) ( )s s−G L  f or th e d ynami c 
f eed f orw ard  compensator,  stri ctly proper (or proper) transf er 
matri ces 1( ) ( )s s−Q H  and  1( ) ( )s s−Q K  f or th e f ull (or red uced ) 
ord er L uenb erg er ob serv er along  w i th  a f eed b ack  matri x  F  and   
a stri ctly proper transf er matri x  1

2 2( ) ( )s s−M N  f or th e d ecoupled  
controller. A ll of  th e ab ov e-menti oned  polynomi al matri x  
f racti ons sh ould  b e relati v ely lef t pri me (r.l.p.) w i th  nonsi ng ular,  
row -red uced ,  d enomi nator matri ces. 
 

3. M o d e l -Fo l l o w i n g  C o n t r o l  f o r  M I M O  
p r o c e s s e s  

 
T h e proposed  h ere M I M O -M F C  control system i s sh ow n i n 

F i g ure 3 . I t can b e reg ard ed  as a part of  a more g eneral class of  
systems called  M od el B ased  C ontrol. T h e essenti al component of  
th e plant i nput si g nal i n th e M F C  structure i s g enerated  i n th e 
mai n control system contai ni ng  a nomi nal mod el of  th e plant M 
and  i ts controller i n th e f eed b ack  loop (d esi g ned  h ere w i th  th e use 
of  d ynami c d ecoupli ng ).  
 

  
F i g .  3 .   M I M O -M F C  s y s t e m  
R y s .  3 .   St r u k t u r a  M I M O -M F C  
 
I t means th at th e output of  th e mai n controller acts on th e i nput 

of  th e actual process plant. T h e second  control loop of  th e M F C  
structure contai ns th e correcti ng  controller and  th e actual process 
P ,  w h ere th e d i f f erence e∆ b etw een th e plant output y and  th e 
mod el output ym i s processed . T h us,  th e summed  result of  acti ons 
of  b oth  controllers,  i .e. mai n and  correcti ng  controller,  ex ci tes th e 
i nput of  th e actual plant P. T h ank s to th e d ynami c d ecoupli ng  used  
f or d esi g n of  th e mai n controller,  th e correcti ng  controller i n th e 
M I M O -M F C  system can tak e th e d i ag onal f orm,  i .e. stati c 
d i ag onal matri x . 
F eatures ex h i b i ted  b y th e M F C  structure h av e b een d i scussed  i n 

[6 ,  8 ] i n d etai l. 
O b v i ously i n th e mod el loop (F i g . 3 ) of  th e M F C  th e state 

v ari ab le xm i s accessi b le. T h en,  th ere i s not need  to use an ob serv er 
i n th e f eed b ack . I t may b e necessary f or th e plant,  h ow ev er. 



PAK 11/ 2 0 0 6     27 
 

The applied algorithm, which full version may be found in  
[ 2 , 3 ] , guarantees free location of all poles of the system and 
guarantees that all designed elements (parts of the system)  are 
proper (or strictly proper) , so they are able to be physically 
realiz able. S o it suits perfectly all req uirements which should be 
met by algorithm used in construction of the M F C  control 
structure. 
 
4. N u m e r i c a l  e x a m p l e  
 
I n order to illustrate the theoretical considerations an ex ample 

of design of a M F C  control system is presented. A s a plant we 
choose a non-linear model (“non-dimensional”)  of a low-
freq uency motions of a drilling vessel „ W impey S ealab” given in 
[ 5 ]  which after lineariz ation (for current velocity 3cv =  k not with 
the course angle 30 0ox = )  is defined by the following matrices of 
the state and output eq uations (1 )  
 

0 0 0 1 0 0
0 0 0. 05 07 0 1 0
0 0 0 0 0 1
0 0 0 0. 013 4 0 0
0 0 0 0 0. 07 1 0. 02 7 5
0 0 0 0 0. 2 4 2 9 0

    =  −  − − − 

A , 

 

 

0 0 0
0 0 0
0 0 0

0. 9 5 8 0 0
0 0. 5 4 4 0
0 0 9 . 4 6 9 3

    = =      

B E ,              (8 )  

 
1 0 0 0 0 0
0 1 0 0 0 0
0 0 1 0 0 0

  =    
C , 

0 0 0
0 0 0
0 0 0

  =    
D . 

 
I t has the poles 1,2,3 0s = , 4 0.1246s = − , 5 0.0537s = , 

6 0.0134s = − . 
A s a “real” plant in the simulations we used a model lineariz ed 

for current velocity 3cv =  k not and the course angle 30 25ox = . The 
model has the same input, output and transition matrices (8 )  but 
the state matrix  A  of the form 
 

0 0 0 0.9063 0.4226 0
0 0 0.0326 0.4226 0.9063 0
0 0 0 0 0 1
0 0 0 0.01 22 0.001 2 0.0205
0 0 0 0.0238 0.1 08 6 0.0249
0 0 0 0.1 07 6 0.1 8 64 0

zm

−    =  − − −  − − − 

A ,    (9 )  

 
I t has the poles 1,2,3 0s = , 4 0.13 3 9s = − , 5,6 0.0065 249s i= ± . The 
“denominator” matrix  2 ( )sM  of the main controller was defined as 
 

2

0 0
( ) 0 0

0 0

s

s s

s

  =    
M

. 

 
A ssuming the following values of poles:  
– for the first loop:  1 0.1s = − , 2 0.25s = − , 3 0.8s = − , 

 

– for the second loop:  4 0.08s = − , 5 0.2s = − , 6 0.5s = − , 
– for the third loop:  7 0.1s = − , 8 0.5s = − , 9 1s = − , 

we obtain:  
– numerator matrix  of the controller 
 

2

0.02 0 0
( ) 0 0.008 0

0 0 0.05
s

  =    
N

 

 
– dynamic feedforward compensator 1( ) ( )s s−G L  
 

1 0 0
( ) 0 1 0

0 0 1
s

  =    
L , 

0.958 0 0
( ) 0 0.54 4 0

0 0 9.4 6 97
s

  =    
G  

 
and the feedback  matrix  
 

0.305 0 0 1.1366 0 0
0 0.156 0.039 5 0 0.7 09 0.02 32
0 0 0.65 0 0.2 4 2 9 1.6

− −  = − − − −  − − 
F

 

 
The “gain” matrix  of the full order L uenberger observer (for 

plant)  with the values of its poles assumed as 1 1.25s = − , 
2 1.25s = − , 3 1s = − , 4 1s = − , 5 1.5s = −  is given as 
 

2.4866 0 0
0 1 .9 29 0.023 2
0 0.2429 3

1 .5 29 2 0 0
0 0.869 8 0.0806
0 0.4686 2.25 67

    −=    − − 

L
 

 
E x perimentally derived gain matrix  of the correcting controller 

has the simple form 
3.0 0 0
0 3.0 0
0 0 3.0

∆

  =    
C  

 
S imulation of the control process of yaw angle and position of 

the drillship consists of three steps. S hip changes course angle 
(from 0  to 3 5  degrees) . I t began after 2 0  relative units of time 
(r.u.t. ) . W hen a new course angle was reached the ship began to be 
steering to the new drilling point:  after 5 0  r.u.t. it starts to move 
about 7 6 m forward, and about 3 8 m right after 8 0  r.u.t. R esults of 
simulation of the system are shown in F igs. 4  – 6 . 
 
a) 
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b) 

  
c ) 

  
F i g .  4 .   R e s u l t s  o f  s i m u l a t i o n ;  o u t p u t  s i g n a l s  i n :  n o m i n a l  c a s e  ( a ),  p e r t u r be d  w i t h  

D D  c o n t r o l l e r  ( b),  p e r t u r be d  w i t h  M I M O -M F C  ( c ) 
R y s .  4 .   W y n i k i  s y m u l a c j i ;  s y g n a ł y  w y j ś c i o w e  – p r z y p a d e k  n o m i n a l n y  ( a ),  o bi e k t  

p e r t u r bo w a n y  z  r e g u l a t o r e m  D D  ( b),  o bi e k t  p e r t u r bo w a n y  z  r e g u l a t o r e m  
M I M O -M F C  ( c ) 

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

c o n t r o l  s y s t e m s  ( F i g .  5 )  a n d  t h e  e r r o r  e∆ ( F i g .  6 ) .  
 
a ) 

  
b) 

  
 

c ) 

  
F i g .  5 .   C o n t r o l  s i g n a l s  ( a c c o r d i n g  t o  F i g .  4 ) 
R y s .  5 .   S y g n a ł y  s t e r u j ą c e  ( p a t r z  r y s .  4 ) 
 
I t  c a n  b e  s e e n ,  t h a t  i n  t h e  c a s e  o f  d y n a m i c  d e c o u p l i n g  ( D D )  

c o n t r o l l e r  c a n n o t  h a n d l e  t h e  p e r t u r b a t i o n  o f  t h e  c o n t r o l l e d  p l a n t ,  
w h i l e  M I M O -M F C  s y s t e m  w o r k s  a c c o r d i n g  t o  i t s  m a i n  p r i n c i p l e  – 
p l a n t  o u t p u t s  a r e  f o l l o w i n g  a f t e r  t h e  o u t p u t s  o f  t h e  n o m i n a l  m o d e l .  
 
a ) 

  
b) 

  
c ) 

  
F i g .  6 .   E r r o r  s i g n a l s  ( a c c o r d i n g  t o  F i g .  4 ) 
R y s .  6 .   S y g n a ł y  bł ę d u  ( p a t r z  r y s .  4 ) 
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5. S u m m a r y  
 
As it was shown, M F C  sy ste m  c an b e  ap p l ie d  f or  the  c ontr ol  of  

M I M O  p r oc e sse s. P r op ose d  ap p r oac h m ak e s f u l l  u se  of  the  
d y nam ic  d e c ou p l ing  p r oc e d u r e s f or  d e sig n of  the  m ain c ontr ol l e r . 
S im u l ation r e su l ts p r ov e d  its u sab il ity  f or  c ontr ol  of  u nstab l e  
sy ste m . 
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I N F O R M A C J E  
 

O pewnym nieporozumieniu  
t erminol og ic znym 

 
W  f ac howe j  l ite r atu r z e  d oty c z ą c e j  p r z e twor nik ów anal og owo-

c y f r owy c h i c y f r owo anal og owy c h p u b l ik owane j  w j ę z y k u  
p ol sk im  p owsz e c hnie  p oj awiaj ą  się  naz wy  p e wny c h b ł ę d ów tak ic h 
p r z e twor nik ów, k tór e  m oim  z d anie m  są , „ nom e n om e n” , r ównie ż  
b ł ę d ne . 
C hod z i tu  o b ł ę d y  l iniowoś c i tak ic h p r z e twor nik ów, 

p owsz e c hnie  naz y wane  „ b ł ę d am i c ał k owy m i”  i „ b ł ę d am i 
r óż nic z k owy m i” . D e f inic j e  ty c h b ł ę d ów il u str u j ą  z am ie sz c z one  
p oniż e j  r y su nk i ( r y s. 1 ) . 
 
 

iU

N

0001
0010
0011
0100
0101
0110
0111
1000

RL∆

iU

N

0001
0010
0011
0100
0101
0110
0111
1000

CL∆

a b

q

  
R y s .  1 .  B ł ę d y  l i n i o w o ś c i  p r z e t w o r n i k a  A / C  

 
Z g od nie  z  d e f inic j ą  b ł ą d  CL∆ , p r z e d stawiony  na r y su nk u  a, 

ok r e ś l ony  j e st j ak o:  n aj wi ę k s z a r ó ż n i c a p o m i ę d z y  war t o ś c i ą  
n ap i ę c i a d l a k t ó r e j  n as t ę p u j e  z m i an a s ł o wa k o d o we g o   
w p r z e t wo r n i k u , a war t o ś c i ą  n ap i ę c i a j ak i e j  n al e ż ał o by  s i ę  
s p o d z i e wać  w p r z y p ad k u  c h ar ak t e r y s t y k i  i d e al n e j  [ 1 ] . Z  k ol e i b ł ą d  

RL∆ , na r y su nk u  b, j e st ok r e ś l ony  j ak o:  n aj wi ę k s z a r ó ż n i c a 
p o m i ę d z y  s z e r o k o ś c i ą  p r z e d z i ał u  n ap i ę ć , k t ó r e m u  p r z e t wo r n i k  
p r z y p i s u j e  s ł o wo  k o d o we , a s z e r o k o ś c i ą  p r z e d z i ał u  k wan t o wan i a q  
i d e al n e g o  p r z e t wo r n i k a [ 1 ] .  
D e f inic j e  b ł ę d ów są  oc z y wiste  i d ob r z e  ok r e ś l aj ą  wł asnoś c i 

p r z e twor nik ów r z e c z y wisty c h, al e  d op r awd y  nie  m aj ą   
nic  wsp ól ne g o z  op e r ac j am i m ate m aty c z ny m i c ał k owania  
i r óż nic z k owania. 

P onie waż  te  naz wy  tz n. „ b ł ą d  c ał k owy ”  i „ b ł ą d  r óż nic z k owy ”  
p oj awiaj ą  się  w p ol sk im  p iś m ie nnic twie  od  l at, m oż na j e d y nie  
d om nie m y wać , ż e  k toś  k ie d y ś  nie f r asob l iwie  p r z e tł u m ac z y ł   
z  j ę z y k a ang ie l sk ie g o naz wy  ty c h b ł ę d ów, k tór e  w p iś m ie nnic twie  
ang ie l sk oj ę z y c z ny m  naz y wane  są  od p owie d nio „ i n t e g r al  l i n e ar i t y  
e r r o r ”  i „ d i f f e r e n t i al  l i n e ar i t y  e r r o r ”  [ 2 ] , a nastę p ni au tor z y  
b e z k r y ty c z nie  te  naz wy  p r z y j ę l i. J e d y ną  z naną  m i p ol sk oj ę z y c z ną  
p oz y c j ą  l ite r atu r ową  j e st [ 1 ] , g d z ie  au tor z y  naz wal i te  b ł ę d y  
od p owie d nio „ b ł ę d e m  l iniowoś c i c ał k owite j ”  i „ b ł ę d e m  l iniowoś c i 
r óż nic owe j ” . S ą  to naz wy  m aj ą c e  u z asad nie nie  m e r y tor y c z ne   
i b ę d ą c e  w z g od z ie  z  p ie r wotny m  z nac z e nie m  sł ów „ inte g r al ”   
i „ d if f e r e ntial ” , k tór e  wg  [ 3 ]  ok r e ś l ane  są :  
 
i n t e g r al  – 1 .  n e c e s s ar y  f o r  c o m p l e t e n e s s , 2 .  wh o l e ;  h av i n g  
o r  c o n t ai n i n g  al l  p ar t s  t h at  ar e  n e c e s s ar y  f o r  c o m p l e t e n e s s .  
 
d i f f e r e n t i al  – o f , s h o wi n g , d e p e n d i n g  o n , a d i f f e r e n c e  
 
P r op oz y c j e  naz w b ł ę d ów p r z e twor nik ów A/ C  p r z e d stawione   

w [ 1 ]  są  d o p r z y j ę c ia, c hoc iaż  osob iś c ie  p r e f e r ował b y m  naz wy  
„ c ał k owity  b ł ą d  l iniowoś c i „  i „ r óż nic owy  b ł ą d  l iniowoś c i” .  
M am  nad z ie j ę , ż e  te n m ój  k r ótk i te k ś c ik  p om oż e  c hoc iaż   

w c z ę ś c i wy e l im inować  to p l e nią c e  się  nie p or oz u m ie nie  
te r m inol og ic z ne , k tór e  tr wa j u ż  z ad z iwiaj ą c o d ł u g o i c ią g l e  j e st 
p owtar z ane , c z e g o d oś wiad c z y ł e m  p r z e g l ą d aj ą c  ostatnio ś wie ż ą  
r oz p r awę  hab il itac y j ną .  
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