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This paper discusses the problem of the identifiability of spatially-yarying parameters in sys­
tems described by init ial-botmdary value problems for linear, one-dimensional parabolic partial 
differential equations. For cases involving 'distributed, noise-free measurements, two questions 
related to identifiability problem are cons idered: how to check whether the available input-output 
data. allows unique determination of the unknown system parameters, and how to chose the system 
input to accomplish this with a. priori knowledge? Under suitable assumptions, several identifi­
ability conditions are obtained. 

1. Intl'oduction 

This paper is in the line of previous papers by Chavent [I], (2], (3], Kitamura 
and Nakagiri [5] and Pierce [7], and deals with the identifiability problem for systems 
described by 1 inear, second-order, one-dimensional par-abolic partial differential 
equations with spatially-varying parameters. The identifiability porblem in its de­
terministic version leads to two basic questions: 
1) How to check whether the given noise-free observation of an input-output pair 
allows unique determination of unknown system parameters? 
2) How to choose the input signal in order to a priori guarantee uniqueness of 
parameters determination? 

The results presented in (3], (5] refer only to the first question and are obtained 
for the case in which the spatially-varying coefficient preceding the time-deriva­
tive of the state is absent in the system equation. Moreover, the identifiability con­
ditions presented there contain requirements with respect to the spatial derivatives 
of the observed output, which can lead to some difficulties in application. 

The results presented in (7] refers to very important case of poiniwice obser­
vations but they apply to the normal form of the diffusion equation and cannot 
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be used directly in practical situation because the substitution of variables leading 

. to the normal form uses unknown parameters. 

The general method for studying whether the inverse problem for an abstract 

linear operator equation is wellposed has been proposed by Romanov [R]; ho­

wever, to find the effective identifiability conditions for particular di stributed sy~­

tcms using Romanov' o: concepts, a number of detailed problems must be solved 

in any case. 

This p aper extend s the re- sult s obtained in [3], [5] , [7] in regard to the first 

question and formulates some identifiability coEdilions for the second question. 

2. Statement of the problem 

Consider a class of sy~.tons described by the following initial-boundary value 
problem: 

oy(x,I) 0 [ oy(x, t)] 
a, (x) 

01 
- ox a2 (x) ox + a3 (x) y (x, t) = un (x, 1), 

x E' (0, L), t > 0 (1) 

Let us denote: · 

y (x, 0)= u1 (x), x E [0, L] 

oy (x, t) J 
Cl.o Y (0, t) ·- flo ~ . · = !iBo (t), 

uX X ; O 
t > O 

oy (x, t) I 
CI.LY(L,t)+j]L--:-o-x- x; L =uin(t), t > O. 

(2) 

(3) 

u E [ui(·),uBo(·),u8L(·),un{·,·)], a ~·~- [a1(·),a2 (·) , a3(·)], (4) 

u f, {u: llj (. ) E C2 [0, L]; UBo ( . ), llsL ( . ) E C2 [0, 00)' 

du1 (0) duE (L) · 
Cl.o Ul (0) - fJo / =Uno (0), ('J.l. 111 (L) + {JL _d ___ =: UBL (0), (5) 

(X X 

l 
lln ( ·, ·) E C 1 ([0, L] X [0, oo))J 

A .!'c.... {a : a1 ( • ), a3 ( ·) E C 1 [O,L], a2 ( ·) E C1 [0, L]; 

a 1 (x), a2 (x)>O, C/3 (x)~ O for each XE [O, Ll}. (6) 

It is assumed that ('J. 0 , /]0 , r:~.~. , fJ~. arc a priori known nonnegative constant3 such 

that rx~ + /]~ # 0, IY. i + fJi # 0. For each fixed u E U and a E A, the solution of (1 ), 
(2), (3) in the class Y 6 -{Y (- , t) E C 2 [0, L] for each t ~ 0, y (x, · ) E C1 [0, oo) 

for each x e: [0, L]} [6] will be denoted by y ( ·, · la, u) . 
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The identification problem consists in determining an unknown parameter 
a* belonging to the known ~et AESA, on the basis of the input V\:'ctor u <md the 
output observation y (x, t la*, u) for (x, t) E Qs [0, L] >< [0, ex:). 

The ability to get a unique solution of th above identification problem depends 
on the amount of a priori information given by the se t A E and the measurement 
abilities defined by the t,ct Q. In this paper an emphasis is put on the caEc in which 
the set AE is irfinite dimcmional, particularly when AE=A. In &uch a case the 
50lution of the idcn1ificr..tion probkm Ci.Ul be nonunique even if Q= (0, L] X (0, oo) 
[3], (5], and it seems to be impossible to get the uniqueness when Q contains a, finite 
number of points . For that reason, the p<1.per like the previous works [3], (5] deals 
only with the C<l_SC in which 0= [0, L] >< (0, T], 0!(]-::;; ov, ;md estabilishes a kind 
of preliminary identifiability study in .a vinv of practical Eccds. 

To consider precisely the two idcntifi'-lbility questions mcntiot:cd in the intro­
duction, let us introduce the following dr:finitions. 

DEFINITION l. Let et* E AE. The system described by (J), (2), (3) is culled (u, AE!u'') ­

·identifiable if for each a EA 10 the identity y ( · , t /a, u)=y ( · , t lu''', u), t E [0, T] 
implies a= a'~. 

DEFINITION 2. The system described by (1) , (2), (3) is crtl/cd (u, AE)-idmtifiable 

if it is (u, AEia*)-identifiable for each a~' E AE . 

. 3. The sufficient conditiom; for (u, AE ia)-identifiability 

The results prc ~entcd in this section refer!' to the first que ~ tio11 formul2.tcd in 
the introduction, i.e . they can be applied to chct'k whether the given i11put-outpul 
pair determine a unique ~yston parameters. Let us denote: 

(7) 

where x 1 , x2 E' [0, L] and b u b2 > 0 arc fixed known numbers. The necc s~ ity to 
comidcr the ca~cs of AE=A 1 or AE=A 2 becomes clear when the system to be iden­
tified has iw distributed input, i.e. u ( ·, · )=0 (when, for instance, the equ<ltion 
(1) describes the heat diffusion in an one-dimension<AI mcdiwn, this means the 
Jack of internal heat sources). In the above case the syst~m is eot (u, A !a)-identi­
fiable for each u E U and each a EA. 

THEOREM L L et u E U and rt'~ E A. If there exist tu tb t 3 G [0, T J suclt that Un ( · , f 1 )= 
= uv ( ·, tJ=uv ( ·, ! 3 )=0 and the fun ctions y ( ·, t1 la'-, u) , y ( ·, t 2 la';', u), y ( ·, t3 1 
la*, u) are litlWrly independent then the system described by (1), (2), (3) is: 

(T I) (u, A 1 la*)-identifiabfe and (u, A 2 lrt*)-identifiab!e. 

If, moreover, uD ( · , ·) is nonzero function then the system is: 
(T2) (u, Ala*)-idcntifiable. 
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Proof. Note that since for each a eA we have a1 (x)>O, xe [O,L], the equation 
(1) can be rewritten in the form: 

oy (x, t) Clz (x) o2 y (x, t) a~ (x) oy (x, t) 
------ ------- ---+ 

ot al (x) ox2 al (x) ox 

a3 (x) uv (x, t) 
+ -(-) y (x, t) = ( ) ; X E (0, L), t > 0 (8) a1 x a1 x 

where the prime stands for a derivative with respect to x. Consider an arbitrary 
a EA such that y ( ·, tla, u)=y ( · , tla'\ u) for t E [0, T]. Taking into account (8) 
we can write: 

[ 
a2 (x) _ a~ (x)] o

2 
y (x, t;a*, u) + [a; .(~_ a~,' (x) l y (x, tla*, u) _ 

a1 (x) a1 (x) ox a1 (x) C!1 (x) _ ox 

[ ~(~ ~(~] [ 1 . 1 ] 
- --( ) -~(-) y (x, tla*, u) = ---) -~(-) Uv (x, t), (x, t) E Q. 

a1 x a1 x a1 (x a1 x 
(9) 

By assumption there exi st t1 , t2 , t 3 E (0, T) such that un ( · , ti)=O, i=1, 2, 3, i.e. 
the functions y ( · , l; la*, u), i= 1, 2, 3 are the solutions of the equation: 

l ct2 (x) a~ (x) 1 · [a; (x) a'~' (x)] 
----*- v"(x)+ -------=;.----- v'(x)-
al (x) a1 (x) j a1 (x) a1 (x) · 

[ 
a3 (x) a; (x) ] 

- ---~- v(x)=O, xe(O,L) 
a1 (x) a 1 (x) 

(10) 

which is a linear, second order, ordinary differential equation (homogeneous one) 
having no more than two linearly independent solutions. But the functions y ( ·, til 
la*, u), i= 1, 2, 3 are assumed to be linearly independent and they satisfy (10). 
It is possible only if: 

a2 (x) a~ (x) a; (x) a~' (x) a3 (x) a; (x) · 
~ (x) = a: (x) ' ~ (x) - a'~ (~' -a

1 
-(x--) = a: (x) ' x e (O, L) 

(11) 

Thus, the 

system is (u, A1_1a*)-identifiable. 
Similarly the (u, A2 la*)-identifiability holds. Moreover, if a= ea* then the left 

hand side of the equation (9) vanishes and we have [-
1
- -,/( ) ] un (x, t)=O, 

ct1 (x) a 1 x 
(x, t) E Q For nonzero Uv ( ·, ·) this implies ct1. (x)=a; (x) for a certain x E (0, L) 
and as a consequence c=1, i.e. a=a* . Thus the system is (u, Ala*)-identifiable. 
Q.E.D. 11 

Note that the identifiability conditions obtained in Them·em 1 are expressed 
in terms of the pair u, y ( ·, tla*, u), t E< [0, T] which, in spite of the fact that a* 
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unknown, is known from the experiment. To check these conditions the linear 
pendence of the funct ions Ill; ( · )= y ( · , t ;/a"', u), i= l, 2_, 3 must be verified 

hich can lead to some numerical troubles. H owever, the conditions presented 
~ m to be checkable more easily than those proposed in (3], (5], because no .pro­
rties of the spatial derivatives of the output need be verified . 

. The choice of ilnputs warranting system identifiability 

The second important problem refers to the question of hov" to warrant 
r.. A£1a*)-identifiability before the experiment by means of a suitable input design. 

S nee the appropriate requirements with regard to the input vector u may genenilly 
· pend on the unknown parameter a'\ the satisfactory choice of u must make the 

: stem (u, A£1a)-identifiable for all parameters expected to appear in the system, 
·.e. ( u, A E)-identifiable. Several sufficient identifiability conditions for solving the 

bove problem can be found using Theorem I. To this end let us write the wlutiori 
r (1 ), (2), (3) for given a and u in the form [9]: 

00 

y (x, t la, u) = I; h" (t la, u) f/1 11 (x la), x E (0, L), t > 0 (12) 
n = l 

here: 

L 

h" (t la, u) = J ct1 (x) u1 (x) rp 11 (x la) dx exp [ - ),11 (a) t ] + 
0 

t L 

- J [fUn (x, t) rp" (xla) dx+g~') llno (s)+gt') UnL (s)] exp [-}," (a) (t - s)] ds (13) 
0 0 

and: 

( ) 0) 
IPu (O ia) + f/1 ;, (O ia) 

g/j = - az( 
rt.o + flo 

lp (Da) - m' (L [a) 
a Cn)= (L) n . I Y' n 

, c£ Clz fJ 
rx.L+ L 

(14) 

Here ) "(a) , rp 11 ( • la) , n= 1, 2, ... are eigenvalues and eigentunctions, respectiVely, 
obtained as a solution of the Stunn -Liouville problem: 

· d [ drp" (x) ] 
-

1
- a2 (x) --

1
· - + (}:11 a 1 (x) - a3 (x)] (/J 11 (x)=O, x E (O,L) 

ex ex 

L 

with the condition J tp~ (x) d.~= l , n= 1, 2, .... 
0 

(15) 

(16) 

L EMMA 1. [et y ( ·, · la, tt) be expressed by (12) with an arbitrary a EA and u e U. 
If there exist n1 , n2 , n3 such that the functions/; ( · )=h11 , (·la, u), i=1 , 2, 3 are 
linearly independent on (0, T) then there exist t 1 , t 2 , t3 E ( 0, T) such that the functions 
Z1 ( • }= y( ·, t;la, u), i=1, 2, 3 are linearly independent. 
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Proof. lfj;(·), i=l,2,3 arc l.i. (linearly independent) then there exist luf.;,t3 

such that th'! vectors u; (t;)Jl (t;),j~ (1;)] , i= 1, 2, 3 arc l.i. and, hence, the sequel~ces 

{h11 (t;la, u)} are l.i .. Since for each t>O the sequence {h" (· I a, u)} defines a unique 

decomposition of y ( ·, t ft:t, u) with respect to the model basis {~Q" (· la)} [4] , the 

functions Z; ( · )=y ( ·, t ;/a, u), i= 1, 2, 3 are also l.i ., Q.E.D .. • 
LEMMA 2. Let y ( · , · fa, u) be expressed by (12) J1'ith an arbitrary a EA rrnd u E U. 

If there exist n1 , 11 2 , n3 such that for each 11 , t2 , t3 E (0, T) the 'l'ectors [hn , (t 1ia, u) , 
h11 , (t, [a, u), h11 , (t; [a, u)] i=l, 2, 3 are linearly independent then the functions 

y(·,t;[a,u), i=1 , 2,3 are linearly independent/or each t 1 , t 2 , t 3 e (O,T). 

The proof of Lemma 2 is similar to that of I.cmma 1. 

LEMMA 3. If;," (a) is a sequence of eigenvalues corresponding to an arbitrary a E A 

and v ( ·) e L 1 [t 0 , T] is IWI!Zero .function then .for each n1 , 112 , 113 the .functioll" 
t 

w"; ( · ), i=l , 2, 3 given by: 11 '11 (t)=J v (.1) exp [ -1,11 (a) (t -s)] ds, t E [t0, T],n=l, 2, .. . 
t 0 

are linearly independent. 

LEI\lMA 4. If g~) and gl_"l are defined by (14) for an arbitrary a EA th en g~)# O and 

g~•> # 0 .for each n = 1, 2, ... . 

L EMMA 5. Let V0 s; C 1 [0, L] be the set (~l nonzero .functions each of lt'llich vanishes 

on a certain subinter'i.>a/ of [0, L ]. If { tp,. ( · /a)} is a sequence of eigenfimctions cor­

rc:,ponding to an arbitrary a EA then the sequence {tin} gh'Cil by 

L 

flrr = J a1 (x) v (x) rp" (x irt) dx, 11 = 1, 2, 3, .. . (17) 
u 

1vith v ( · ) E V0 contains an infinite number of nonzero elements. 

The proofs of Lemmas 3, 4, 5 follow from the known properties of the cigcn­

value problem [4] and are omitted. 

THEOREM 2. If tlze input vector u E U takes one of the forms: 

(Fl) u= [0, v ( · ), 0, 0] or u= [0, 0, v ( · ), 0] where v ( ·) E C 2 [0, T] is an arbitrary 

nonzero .function 

(F2) u= [0, vu ( · ), 'L'L ( • ), 0] where v0 ( • ) , '-'L ( ·) E C 2 [0 , T] are such that there 

exist t 1 , 12 E (0, T), t 1 < t2 for lt:hich 

Jcl vdt) for t E [0 td . . 
Vu (t)= l ( ) · r. [ ' ' ] 1nth certatn cu c2 ER, c1 # c2 

c2 vL t 1 or t E t2 , 1 

and Z'L ( · ) is nonzero in each of inter~>crls [0, ! 1 ] , [t2 , T] 

(F3) u= [v ( · ), 0, 0, 0] where v ( ·) E V0 (V0 being defined in Lemma 5) 

then the system described by (1), (2), (3) is (u, A 1)-identifiable and (u, Az)-identifiable. 
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Proof. For the proof it is sufficient to express the solution y ( · , · /a, u) in the 
orm (12) and show by Lemmas 3, 4, 5 that the corresponding function s h,, ( ··Jo, u), 

i=1, 2, 3 are linearly independent for a certa in triple n1, n1 , n3 uniformly \vith 
r pect to nE A. The fin al step follows from I.c·mma 1 and Theorem 1. 

THEOREM 3. If u= [u1 ( · ) , 1180 ( • ) , li ;..I. ( · ) , ll1, ( · , • )] wkere 111 ( ·) is an arbitrary 

unction fi'om C1 [0, L] and: 
rt'IO itlL 

,., 1) ll . (!) = \' 1/rl I' 11 (1)= '\' t/') t' t E [0 T ] 
• EO L., 0 ' Ill. -J t L. ' • . ' 

r ~ o r = O 

mu Pk 

A2) Uv (x, t)= 1; ?Jk (x) l' v~:l t', x E [0 , L] , 1 E [0, 7] , 
k = I r = O 

'<', ( ·) E V0 , k = 1, 2, ... , 1nn nnc\ ihcrc t xist 11 , 12 , t3 E (0. T) such th.c;t uD ( ·, t.) = 
=0, i=l, 2, 3 . 

1 3) one of the following conditions hold s : 

{C l) mL ?- mo + 3, m1.?: pk+3 , k = 1,2, ... ,mv. JI~~"Ll -j:; O 

IC2) mo ?- m'" +3, m 0 ?- p1,+3 , k=1 , 2, .. . , m , J1<:f'0 l# O, 

(C3) there exists r , 1 ::-;. r ;( mD such that p,~ mL + 1. p,~ m0 + 3 , p,~p1,+ 3 , k = 
= 1, 2, ... , r-1, r+ I , ... , rnv , v~P,)#O 

then the system described by (I), (2), (3) i ~: 

{TI J ( u, A 1)-idcntifiablc and ( 11, A2) -identifiable . 
If. moreover uD ( · , ·) is nonzero function then the system is 

T2) ( u, A)-identifiable . 

Proo f. If u E U satisfies (AI) and (A2) then for each a EA the functions h, ( · /a, u) 
appearing in the series (12) are of the form: 

r mo 

hn (t /a, u) = K~l exp [ -)n (a) t]+ J [g~l}; p~l s ' + 
0 r ~ o 

lllf. IIID Pk 

+g~:'l _}; p~'ls'+}; ""~'l I; vrl s'] cxp [ -},11 (a) (t - s)] ds, t > O (18) 
r = O k ~ J r = O 

here: 
L L 

K~l:::: J a 1 (x) u1 (x) rp, (x) dx, K\;"l= J ~Jk (x) rp 11 (x la) dx, 
0 0 

Let us note that for each }, ER we have: 
k = l , 2, ..... mD. (19) 

t 

J s'exp[ -}, (t -s)]d~= ( -- J)' + l }, ''~~ [cxp(-h) - I] + 

(20) 
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Assume that, for example, (Cl) holds. Hence, for each triple n1 , n2 , n3 we .can 
write: 

mo . m mn Ilk 

+ g(n;) )1 rc(n;) tr + O'(n;) "\1 / ( (n;) 1" + ~ TC(Ii;) ·""· O'(n,) r + 
0 L...,; Or oL L..J Lr ~ k LJ hr 

r=O 1· = 0 k=l r = O 

+g(n;) \-'1 [ ~ ,/n;)(-J)r-k . r! ]tk 
L L..J Lt rL · k!An.(a)' - k+J , te[O,T], i=l , 2,3 

k=m+l r =lc ' 

(21) 

where: 

mo r! 
rc (n)_ "\1/,(k) ( - · J)k- r r 0 1 111 

or- L..J ~a k! },
11 
(ay-r+l ' = ' ' ... , o 

k=r 

(22) 

m r! 
rcCn)_ "\1 ,/k) ( -I)k- r r 0 1 m 
Lr- LJ r L k! A (a)f<- .r+l ' = ' ' ... , 

k = r n 

(23) 

v, r! 
aC11)= "\1 vC") ( -1)''_,. , r= O, J, ... ,pq, 

<Jr LJ a k! A" (a)k-r+l 
k = r (24) 

q=1, 2, ... , mD 

d - { '1. an m-max n1o,PI , ... , p"'nJ· 
Formula (21) expresses the decomposition of the functions h11 , ( • /a, u), i= 1, 2, 3 
on the basis composed uf exp [ - A

11 1 
(a) ( · )], exp [ - )

112 
(a) ( · )], exp [,- ?.11 , (a) ( · )], 

1, ( · ), ( · )2, ... , ( · )"'L. Let us consider three vectors, each of which is composed 
of the three last coefficients in the decomposition of the function h111 ( • /et, u) on 
the mentioned bas is. 
Since m?;; m+ 3, these vectors are of the form: 

[ 
1 mL- 1 mL (mL -1) b =g(n;) /I(IIIL-2) ____ Jl(mt-1) _ __ -J-p(mtJ ___ -:-_ 

; L L A (a) L A 1 a)z L }, (a)3 ' 
~ ~~,. t. lli \ n; 

1 mL 1 J . 
/1~11 ;, -1) ;:--( ) - Pt'L) ;,----( )2 ' ltY:'J.) -},--(-) ' I= 1, 2, 3 

1/j a_ ~- ~~ ~ a ~,. ni a 
(25) 

It is easy to calculate that the determinant of the matrix composed of these vectors 

can be expressed by the fo rmula: 

where : 

} ,
11

, (a) 2 },
11

, (a) 1 

W1 = },"' (a) 2 A11 , (a) 1 
An, (a)Z An, (a) 1 

(26) 
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~ince W1 is the Vandermonde determinant and 1." (a), i = l, 2, 3 are different values 
[4], we have W1 #0. Moreover, gt;)#O, i = I, 2, 3 by Lemma 5, and fl~"d#O by 
;assumption (Cl). Thus W#O and consequently the vectors b1 , b2 , b3 are linearly 
·independent. Since the basis considered for the decomposition of h11 ; ( • la, u), 
i = 1, 2, 3 is composed of exponential and power functions, this implies that for 
.each triple 11 , t 2 , 13 E (0, T) the vectors [h,, (t; la, u), h,, (t; ia, u), h", (t1la, u)], 
j = 1, 2, 3 are l.i .. Hence, the assumptions of lemma 2 are satisfied (for each a e A) 
and (Tl) follows from this lemma and Theorem ] . Assuming un ( · , ·) #0 we 

obtain also (T2). Q.E.D. a 
The proof of the theorem under assumptions (C2) or (C3) can be performed ana­
logically. 

Theorems 2 and 3 formulate only sufficienf conditions for u to warrant the 

system identifiability. The fundamental problem is a practical realization of inputs 

belonging to the obtained classes. Some restrictions can appear due to the zero 

initial conditions required in Theorem 2, which can be nonrealistic in some case. 

,or quite natural in other ones. Choos ing, however, the boundary and distributed 

inputs as polynomials of time-variable (see Theorem 3) it is possible to warrant 

the identifiability for an arbitrary initial condition. 

5. Conclusions 

A number of results for identifiability of a certain class of systems described 
· by partial differential equations with spatially-varying coefficients have been pre­
sented. The results which refer to the problem of checking whether the given in­
put-output data allow unique determination of system parameters enrich the list 
of identifiability conditions presented in [1 ], [2], [3], [5]. These results refer to a more 
general case in which the coefficient a1 ( ·) is considered, and seem to be more 
convenient in application because no requirements with respect to the spatial de­
rivative of the output signal are stated. An attempt is made to solve theproblem 
of the choice of identifying inputs. The results show that it is possible to propose 

. a number of simple inputs sufficient for the identifiability. 
Only the one-dimensional spatial domain and a distributed type of observation 

. are considered. Also the coefficients in boundary conditions are assumed to be 
known. These are the main restrictions of the results. 
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Wan.tnki identyfi!wwafnosci dla pewnej Idasy obiektow 
o param~trach rozloionych ze wsp6Jczynnikami zaleznymi 
oo polozenia 

Praca dotyczy zagadnienia identyfikowalnosci zale:i:nych od polo:i:enia parametr6w w obiek­
tach opisywanych liniowymi, jednowymiarowymi r6wnaniami r6zniczkowymi cz'!stkowymi typu 
parabolicznego. D la przypadku bezszumowego pomiaru wielkosci wejsciowych i wyjsciowych 
obiektu rozwa:i:ono dwa podstawowe pytania wi<t:i:'!Ce si<,; z zagadnieniem identyfikowalnosci: jak 
sprawdzic czy pozostaj<tca w dyspozycji informacj:t pomiarowa pozwala na jednoznaczne okres­
Jenie parametr6w obiektu i jak wybrac sygna! wejsciowy obiektu dla zapewnienia. takiej mozli­
wosci a priori? 

Przy- odpowiednich za!oteniach okreslono szereg rezultat6w daj<tcych odpowi-ed:i: na powy:i:sze " 
pytania. Warunk:i wystarczaj<tce identyfikowalnosci wi'!:i:::tce si<,; z pierwszym pytaniem wyrazono 
w postaci wymagan w stosunku do mierzonych sygna!6w wejsciowe.go i wyjsciowego, podczas 
gdy odpowiednie warunki wi'!:i:::tce si<,; z drugim pytaniem definiuj<t pewne klasy sygnal6w wejscio-
wych zapewniaj<t<ych identyfikowalnosc. 

Y CJIOBIIH n.u:eenFqnn~npyeMocnt .n,.TlH HeKOToporo KJl'acca 

o61>eKTOB c pacrrpe.n,eJICHHblMH rrapaMeTpaMn, 

C IW3!PI!muneuTaMn 3aBliCiiMhlMII OT fiOJIO'f(eHJm 

Pa6ora KacaeTCll npo6neMbi Hp;ennn!mu:upyeMoctu 3aBJ.t:CHMbiX OT nonolKetnur napaMerpoB 
B 061.eKTaX . OID!ChiBaeMhiX 'mrnei-iHbiMM, 0):\HOMepHbiM!{ ,a;Ji<!l<PepeHL(I~aJihHblMli ypaB'HClmliMH 
B 'iaCTHbiX npmr3BO,l!;Hb!X napa6om!'IecKoro nrna. ,r:t:ml cny<taJJ: 6ecno:-.1exon:&JX InMepeHai1: sxop;­
HE.IX ll Bb!XO.ll,Ifb!X BeJlli'!HH 061.eKTa paCCMOTpCHbl ,a;13a OCll:OBHbiC BOITpOCa, CBll3aHB:b!C C rrp0-
6neMOll H,l:\CHTIHj)I{U:IIpyeMOCTll: KaK rrponepJUb, n03BOJlllCI' Jlll lL\1CiOW,a5!Cll H3MepHTeJTh!lall llH­
<PopMaU:Hff O):\H03Ha'IHO onpe,l:\CJI!Hb rrapaMeTpbi 06beKra II, KaK Bbi6pa:Tb BXO):\HOH CHTHaJI o6bCKTa 
.n:mr arrpuopHoro o6ecne'IeHHll raKoiii: B03MO)fmocrn? 

flpn COOTBeTCTBY!Ol..L\liX npe)l.liOCbi.JIKaX orrpe,l:\eJieH plf,!I; pe3yJihTaTOB, ,l:\alOllU!X OTBCT Ha 

Bblille yKa3aKRb!C BOllpOChi. ,r:t:ocr aTO'IH&Ie yCJIOB!ill ll)!,CHnHjJHU:HPYCMOCTH, CBli3aRHE.le C nepBblM 
. BOnpOCOM, BbipalKeHE.I B BHJJ;e tpe6oBa!iHll llO OTHO!IIeHI{lO K li3Mepl!eMblM BXO,ll,HOMY U Bb!XO,!l;­

HOMY CHntanaM, a COOTBeTCTBY!OlL(He YCJIOBllil, CBll3alflib!C CO BTOpblM BOnpoCOM, orrpep;eJllllOT 
HCKOTOpble KJlaCCbl BXO,!J,HbTX ClfTHaJIOB, o6ecrre<JHBa!O[L\RX R)l;eHTH$IUJ,H:pyeMOCTb. 
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