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I. 1NTRODI CTIUN

Systems are modeled in order to understand and explain th~~ be t t e r

and as a prelud. to action . Air cra ft d ynam ics , for ezamplt . may be Iden-

tified so that better designs can be made , or so that adapt ive control

actions can be taken. Our att~ntion in this continuing stud y I~ss h~er

directod it aspects cf cstiaatior ~o~d idcntltic atton that ar~ connected

i it ~ syrtew unc~erstarding . This study has been ~t iaed at state estimation

and parameter identiftcati~~. for .~ new cl.¾ss of models, causal functional

equations, which describe wave propagation in layered med ia syst z’i~.. These

models are applic.~b1. to div.rse a r eas , such as r e f l e c t i on  ‘-.eismology,

transmission l ines , speech processing. &ptical thin coatings and EM protlems.

~I. RES EARCH PR(X;RESS

1. At~ important special ca~e 
(I a cau~.’l func t ional equ.~t 1on (CFF) . occ~ rs

when all one-way travel times are equal. In this case the unit orn CFE (UCFE )

is

x(t + ~) • A x (t )  + b a(t) (1)

with initial vIlues

x (o) a [0. t )  ~ 7 (2)

Recognizing tha t  any t ime (t  & R) can be exprc~ sid as

t — t ’ + ~~ whe r e t ’ t .7 ~.nd ~‘ is an integer , (3)

we have shown ~ l] tha t the so lu t ion  to tUF F . (1) ~~ ‘

[t ’ + (k+1)t)  - A~~
1 x(t ’~ + A~~

1 m (t ’+ it) (4)

i•0

where t ’ .~ 7, k — 0, 1 , 2, . ..,  and t — t ’ + (k+’)t.

Equation (4) e x p l i c i t l y  shows how the s tat e  at any time t — t ’ + (k+l)t

depend. or an initial condition x(t’) and the input t~~. It is of inttr.’” t to

note that x(t) depends only on a sm i Le  element of the initial v.ilues x(o)

(a & fl , namely x(t’), and a finite number of po in t values of rn , This shov e

that the solution to the un i fo r m causal functional s’ate ep~.at i on_~~~1though

continuous—time In nature, derives its values in a d1sc rete- t~ rne f a s h i on for a

given fixed value of t’ E .7. Of course , the re are an ~ncoun table number of

points in ~~; hence we can Imag ine !(t) _’is being &enerat d by a n u ~ countab Ie

number of discr~te—t tm. systems. ~~~ ?ØRCE O i i ~I~~: ~ scr~.~lFI .’ RE
‘~~~~. i .A 0? TRA N~ y 1 77~~ , 

~o ~~ ~~~~~ (A F SC )
Th i  t~~~~j c~s1 : , p ~~.’
~l~~ r oved r o t  
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When we simulate our r ’sult~. on a dig i t a l  comput t i , comp u t . i t i o n s  are

mad. every T eec. at discrete t ime p~ inte. Consequently, on ;t di~. Ital

computer, x(t) is generated by a f i n i te  rumber of discret..—tlme rystemt

~hich operate In parallel .

2. We have derived [1) the minimum—variance st.ite estimator for UCFE

x(t + t)  — A x(t )  + B i n(t )  + w ( t )  (5)

and its associated measurement equation

Z(t) — H x(t) + n(t) (6)

Let ~~(t) denote the min imum—variance estimate ot x(t) h.ised on all

measurements in Lz(A) : 0 < A < t, t .. R). We have shown that for any fixed

c J — [O ,t), ~(t), where t — t ’ + Mr (H — 1, 2, . . .) ,  is given by the usual
di~;crete— t im. Kilman filter equations (Ref. A , for  example) with t ’ considered

tI-s initial starting time , Of course , to obtain ~~(t )  for all t R we would

need an uncountable number of discret.’-time Kalman f ilters; but , imposing a

mesh on : (with grid size equal t c~ data sampling ratt ) leads to a finite

number of Kalman filters which ‘~erate in parallel. To tht best knowledge of

the author this is the first estimation theory result that has led to a natural

form of parallel d.~ta ~‘rocessing .

3. We I-ave developec’ an extended ninimum— vartance estimator for simultaneou s

estimation of states and taramtters (I.e., reflection coeffic ients) in a UCFE

[2). Simulation results were very disappointing. Reasons for the disappointing

results are explained in [2J.

4. A simple invers, filter has been developed [4) to suppress multiple

reflection. from a normal incidence synthetic seismogram. The filter wan

developed by means of Mendel ’s Breusner Series Decomposition [3) and the operator

‘escription of state spac e model of layered media (Ref. B), ane is given In

terms of z—transforms as

— 
T(z) 

—
~ (7)

0

l — r 2 P1(z)
0

t

I
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In this equation Y ( z)  is the synthetic seismogram mc.~st~red by a scu .or

located on the surface. That sensor receives reflected s1~ n-~le f rom a

layered media du. to the norma l incident input P1(z) applied . it  the sam e

surface. l’.tr.trn~iter r0 
is the reflec t ion coefficient vf  the surface.

is the output ot the filter; it consists of the primary reflection isrtion

ot the seismogram and some residual tenns ; i.e., ~1
(z) — Y 1 (z)  + y(z). In

general, the residual term s ‘~~z) is relatively quite small , and ~1
(z) is a

good approximation of Y
1
(z). This filter is esp.ciallv effective when

is relat iv.ly large (as in ~-~ st geophysical situations) in wh ich case y(z)

is almost negligible compared with Y 1
(z). The filter requires knowledge of

the input waveform P1(z), surface reflection coefficient , r0, and measured

seismogram Y(z). Observe that (7) represents a nonlinear pr i ~ct~s~~1~~ of the

~eismograa Y(z).

5. We have ‘attended our n~ r~ al incidence st ttc space model t ’  th e  non—normal

inc idence cast’ [5). The non—normal incidence (~~NT ) state .pa& i- model is

structurally the same as the normal incidence state space model except that it

has twice as many ~;tatc variables . ‘ii’r.. t i ’.e of mode conversion in non—normal

inc idenc e, the scalar upgoing and downgoing waves and t r,iv.l t imes in each

layer as well as ref lt-ction and transmission coeffic ients in each interfac e are

replaced by -i vector of upgoir~’ and downgolng waves, a vector of t ravel times,

and matrices of refli- tion and t ransmission coefficien ts .

With this NNI model , we artS able t e~ generate synthetic ~eismograms for a

plane wave sotirce, and more importantl y, for a tw -dimensiona l point source.

6. We have developed a maximum—likelihood proc edure fw ’r estimating both the

reflection coefticients and one-way travel t imes [
~~ 

for .1 losaless layered

med ia system in which the layers are non—equally spaced (In t ime). It uses a

State space model as  its starting point , one that is more general than (1)

since now i 10 different for each layer (i.e., ‘t~ ~ 
1 1

3 ~ ~
The only source of ~int ert at nty Is measurement noise , n(t). Maximum—likel ihood

estimates of the par.uneters are obtained In a ~ re ur ive format. In

essence, first r
1 

and 1
1 
are determined and layer I is stripped away; then

and 12 nrc determ ined and layer 2 in stri pped away; etc. To the best of our
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know l edge , this is the first t ime tt ~~ t both reflection coefticients and

travel times have been simultaneously t-stinated in an optima l cianner.
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