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A SYNPT OTI C EFFE CT I V E N E SS OF G E N E R A L I Z ED ~?—FlLTERS

V. T. Dolgochu b and N. B. Sverdlik

A m ethod of synthesizing tilters which maximize th~ ratio (a)  of

the square of the peak modulus to the sum of the squares of the side

lobe m oduli in a certain range of the reciprocal ambiguity function

was proposed in : 1]. One version of the realization of t h e s e  f i l t ~’rs,

called yener alize i~ -filters , consists of a delay line (DL) (J13] w i th

leads to which complex weighting factors are connected. r~~~ iur at ion

(T.) of tbs tilt e r ’s pulse response can be equal to or Ireate r thai

the sigas i length (T-~ • while the ints rvals betv••n t h e  leads (i.)

are equal to or sl ort •r than the discr•t• (T~~ signa l lengt h. The

s.oothinq filter it the outlet of the DL is aa t~~ .d wit h interval t ..
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Ieport [1) showed that pa rameter c is the nonde~ reis ing f u n c t i o n

of ra tio T~ /T ~. The analysis of the out put signals of the

calculated filters shoved tha t parameter ~ essent ially increases wi th

the i ncreas e in T~/T e ;  pa ramete r ~i (the ratio ot the pea k to th~
maximu m side loop) diso increases simultaneously, w h i l e  p (t he

normalized si;nal/noise ratio) decreases.. The main peak narrows and

p a r a m e t e r s  6 , ~ a n d  p decrease as in te rva l t,~ decreases.

It is c’~n v en i en t  to e s t im at e  th~ a s y m p t o t i c  e f f i~~i~~n~~y of

g e n e r a li z e d  J — t i l t e r s  by  c o m p a r i n g  t h e m  w i t h  t h e  w e l l — k n o w n  M o sk  a nu

TJrxovits filters.

Theoretically, this filter [2] makes it possible to suppress the

side lobes of the output signal to the zero level (here 5 —, ~ =

~
). However , the pulse response of this filter cannot be realized. In

view of the behavior of parameters a an d  p, we  can assume that

V—filters asymptotically approximate Nosk filters at “~~~~~ and with

the increase in ratio Tq fTq, . To confirm this assumption , we

ca lculated the root—mean—square deviation S of the f requency

characteristics of g e n e r a l i z e d  ~‘—t ilt •r s  Ito. those of the ~osk

filter. Figure 1 shows the dependence of ~ on T,/ T~ for a

15—position biph ase signal. The curve shows that th. value of e

actua ll y d cr •a ass wi th  the increase in Ts/ T~ ; at T./T~,.-3 the

vals• of is already for ty  t imes smaller than that of • at

- — i~~ ) 1—0 ‘~) 2 — 7 7
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T,/T~~~I. At T,/ T~ — 3 t he  p a r a m e t e r s  of t he  o u t p u t  s i gna l  f r o m

the genera lized Y— fi l t e r  assume t h e  v a l u e s  a = 177, ~ = 28, p 0.7d.

Thus, it f o l l o w s  t hat  t h e  a s y m p t o t i c  e s t i m a t e of p a r i m e t e r  p of

a generalized ~)—filter is determined by the value of paraieter p of

the Mosk filter. For the example in question, the asymptotic value of

Pa~iuM~~ 0.66.

Th us, g e n e ra l i z e d  ~ — f i l t et s  w i t h  c o n t r o l l e d  pulse  r e s p o n s e  t i m e

make it possible to realize virtually any approximati on of Mos k

ti iters.

The fre’~uenz y characteristic a’(iw) of the well-know n Urkovits

filters is ~1et ineJ as [ 3]

W ( J u) — S ’  ( j w) I I S (jw)I’.

where S(j~) is tki~ signal spectrum.

It is obvious that wit h this form of the frequency

characteristic and infinite widening of the spectrum, the output

signal is a delta function, while para meters ~~~~~~~~~ M~~~~ . p—O.

Urkovits filters are optimum for isolating signals against a

background ot reflections off local objects; ho~~ver, t~~ y cannot be
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realized in practice.

Since the passband of a g e n e r a l i z e d  v— f i l t e r  w i i e n s  w i t h  t h e

decrease in interval , the duration of the output signal pea k

decreases, which makes it logical to assume that generalized

s/—filters approximate Urkovits filters during asymptotic wilening of

the passbind (tN—..O). I n d e e d , t h e  a n a l ysi s  of t h e  f r e q u e n c y

characteristics confirms this hypothes is..

The compari son with Urkovits tilters was made in the area under

the frequency characteristics in sections

0</~< IIT*. I/Ti <f,<Vt~, 2/r4<f ,<3/t~,

F i g u r e  2 shows graph s of the red istr ibu t  ion  of ar e a  d e p e n d i n g  on

t h e  i n t e r v a l  ~n at T~ —T~. As the  g raphs  i n d i c a t~~, t’~e n a t u r e  ot

the red istribution indica tes the approximation of the generalized

‘i — fi lt er s  to the  tj r k o v i ts  filter..

However , we must keep in .iad that widening the p ai sban d of

generalized ~?—filters at T.—Tc causes an increase in the si de

lobe level. Therefore , it is necessa r y  to increase ratio T*/T .~ in

order to decrease the side lobe level.

Thus, we can sa~ that generalized 4-filters asymptotically

PTI —ID( R 3)  1—0 3U — 7 7
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approxim a te iJrkovits filters with th~ increase in ratio T•/T~ and

w i d e n i n g  of t u e  passband; therefore , they can be consi1-~red to be the

practical realization of the approximation of tjrkovits tilters wi th

c o n t r o l l e d  m e m o r y  a n d  pa s sband .
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Fig. 1. F~~ot—maart- s~ uare deviation of frequency characteristics of

g en e r a l i z ed  - i — f i l t e r s  and  Mosk f i l t e r  (rH =~ *). ~~ 
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Fig. 2. ~.raphs o~ redistribution of area under frequency

charact er istics of generalized ~)—filters (T~~=T~, , t~ e broken line

shows the  area of the corresponding section for the Urkovits filter) :

a, b, c — sections f1, f2 and t3, respectivel y. 
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