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ON AUTOMATED RECOGNITION OF FAMILIES OF SWEPT-FREQUENCY

T R A N S I E N T S I G N A L S
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Department of Electrical Engineering, University of Toronto

To r o n t o , C a n a d a

A b s t r a c t

Of the several current ly avai lable techniques for recogni t ion of swept- f requency
t rans ien t s igna ls , most a re fundamenta l ly l im i ted in the i r ab i l i t y to de tec t the
occurrence of signals with a high sweep rate relative to the frequency band of
interest. In addition, common techniques such as Phase Lock Loops (PLL) and Volt
age Tunable Filters are not inherently immune to very high noise with the result
that they can be easily unlocked with a variety of types of noise.

A scheme is presented which has the capability of detecting fast, swept-fre
quency transient signals in the presence of most disturbances within the frequency
range of the sweep. The disturbances tolerated are not completely without res
tr ict ion, however, and are affected by the relat ion of their power spectra to
factors of fi l ter bandwidths and resonant frequencies, signal sweep rate, noise
amplitude, and other elements. With a slight modification which is incorporated
in the c i rcu i t rea l i za t ion , i t i s a lso poss ib le to cope w i th cont inuous ly vary ing
amplitudes of the swept signal.

I . I N T R O D U C T I O N

This paper is concerned with a detector of families
of swept-frequency transient signals. It provides
an output at the time of occurrence of a swept-fre
quency transient signal of known characteristics
t h a t i s b u r i e d i n a n o i s y b a c k g r o u n d . T h e b a s i c

class of s ignals of interest here are those in
which i ts f requency content is sh i f t ing rap id ly in
a monotonia fashion. An example is a doppler-
shif ted signal in which the rate of displacement
i s h i g h .

The detection system desired might have been an
ideal PLL that has the capabi l i ty of acquir ing the

rapidly changing signal. However, it can be shown
that for a second order example this approach can
not be implemented where the normalized rate of

f requency deviat ion is h igh. A novel technique for
detect ing signals having a high sweep rate relat ive
to the frequency band of interest is described.
The noise immunity properties of this technique are
then discussed and an example circuit real izat ion
i s g i v e n . I n t h e fi n a l s e c t i o n , s e v e r a l p r a c t i c a l

appl icat ions of this technique are suggested.

II. FUNDAMENTALS OF SEQUENTIAL
TRANSIENT FILTERING [1]

The method proposed is a piecewise approximation to
fi l t e r e d t i m e d o m a i n c h a r a c t e r i s t i c s o f t h e s i g n a l

a n d i s d e s c r i b a b l e a s a f o r m o f s i g n a t u r e d e t e c t i o n .

A conceptual block diagram is presented in Figure 1.

The input signal is processed through N relat ively

narrow, fixed band-pass fi l ters that are ar ranged
in para l le l bu t w i th the d is t inc t ion tha t they a re



s e q u e n t i a l l y r e l a t e d t h r o u g h l o g i c n e t w o r k s . B y

main ta in ing equal bandwidths in a l l o f the fi l te rs
t w o i m p o r t a n t r e s u l t s a r e o b t a i n e d . F i r s t , t h e

output envelope f rom the fi l ter c losest to the ins
tantaneous frequency of the signal rises more ra

pidly than the output envelopes from the other
fi l t e r s a n d s e c o n d f o r t h e c a s e o f c o n s t a n t r a t e o f

f requency deviat ion, the ampl i tudes of al l output
e n v e l o p e s a r e t h e s a m e . T h e a n a l y s i s w h i c h l e a d s
t o t h e s e r e s u l t s i s g i v e n i n t h e n e x t s e c t i o n .

The output o f the fi rs t respond ing fi l te r ( the Kth
fi l t e r whe re t he t r ans ien t o f i n t e res t i s dev ia t i ng

upwards in frequency) is monitored by an output in
terrogator and used to enable sequentially the next
r e s p o n d i n g fi l t e r ( ( K + l ) t h ) o u t p u t i n t e r r o g a t o r
after a time set by the corresponding "enable" de

lay. I f an appropr ia te ou tpu t i s p resen t w i th in
the t ime set by the corresponding "disable" delay,
the process cont inues. An output f rom the Nth fil
ter 's in ter rogator ind icates that a swept event
has occurred. By estab l ish ing cont ro l led de lays
as shown, i t is possib le to detect nonl inear ly

sweeping events as well.

Thus an input signal belonging to a part icular

family of swept frequency events is detected by a

sweep rate window generator yielding a digital sig
nal. Depending on the requirement, the system can
be armed either synchronously via an external tr ig

ger or asynchronously via a monostable triggered by
a combination of either an intermediate output in

te r rogator o r the Nth output in te r rogator.

I I I . SEQUENTIAL TRANSIENT FILTER ANALYSIS

In order to p rov ide fo r a flex ib le p ro to type c i r

cu i t , each four th-order fi l ter channel is composed
o f a c a s c a d e o f s e c o n d - o r d e r s t a g e s t h a t a r e i d e n

t i ca l l y t v ined . Thus , in the ca lcu la t ions be low,
the dependent parameter BW, is the bandwidth (3db)
o f t h e s e c o n d - o r d e r fi l t e r . B e c a u s e o f t h e l i n e a r

relat ionship between the effect ive bandwidth of
the cascade (approximately equal to .643BW) and BW,
all conclusions made with respect to the second-
o rder fi l te r w i l l app ly equa l l y as we l l to the re

s u l t a n t f o u r t h - o r d e r fi l t e r . A s i t i s d e s i r e d t o

obta in analyt ica l resul ts , a Laplace Transform

analysis is attempted subsequently.

The general form of the previously described
f o u r t h - o r d e r fi l t e r i s g i v e n b y :

s2H ( s ) = S
[s + (2TrBW)s + (0o2]2

From this the impulse response, h(t), can be calcu
l a t e d a s :

This is plot ted in Figure 2 for var ious values of

equal BW. The important conclusion to be drawn
here is that equal BWs yield coincident peaks in
t h e e n v e l o p e o f t h e s i g n a l . E s s e n t i a l l y, i t i s
these coincident peaks that provide the transient
noise immunity by allowing the delay enabling con

figura t ion o f F igure 1 to inh ib i t de tec t ion on
s imu l t aneous fi l t e r ou tpu t s .

Using a l inearly sweeping signal of the form,
x ( t ) = s i n ( t ^ )

its Laplace Transform is found to be

= if ^ (l^)] r

where C(p) and S(p) are the respective Fresnal In

t e g r a l F u n c t i o n s :

Once X(s) is determined, the output Y(s) can be
f o r m e d a s

Y ( s ) = H ( s ) X ( s )

Taking the Inverse Laplace Transform of Y(s)
appears rather formidable and other methods of so
lut ion wi l l be pursued.

One poss ib i l i t y i s tha t o f mode l l ing the d i f fe ren-



t i a l e q u a t i o n s o f t h e s y s t e m u s i n g a s t a t e - v a r i a b l e

a p p r o a c h a n d i t e r a t i n g a n u m e r i c a l s o l u t i o n . B y

using suitably cascaded second-order analog compu
t e r n e t w o r k s , t h e d e s i r e d f u n c t i o n c a n b e r e a l i z e d .

T h e r e s u l t s o f t w o fi l t e r s a t 4 0 0 a n d 8 0 0 H e r t z

with several values of both equal and unequal BWs
a r e s h o w n i n F i g u r e 3 .

Tw o i m p o r t a n t c o n c l u s i o n s c a n b e m a d e f r o m t h e s e

p lo ts . F i rs t l y, as expec ted , i t can be seen tha t
narrower BW filters respond more slowly than those
with wider BWs and different amplitudes are ob
t a i n e d f o r fi l t e r s w i t h d i f f e r e n t B W s . S e c o n d l y

and most importantly, in the two cases of equal BW,
there is a time delay between the peak of the en

velope of the two filters which provides a charac
t e r i s t i c t h a t c a n b e d e t e c t e d . B y u n b a l a n c i n g

the BWs, it is possible to change this delay for

any given sweep rate. However, the respective
ampl i tudes wi l l change as wel l . From a pract ical
point of view, it is more desirable to have equal
amplitude signals merely delayed in time and to
main ta in co inc ident peaks fo r t rans ien t inh ib i t ion
as previously mentioned.

From a detection viewpoint it is advantageous to
detect the output before the peak of the envelope.

By do ing th is , two benefits are ach ieved. F i rs t
ly, the two outputs are spaced farther apart in
t ime at this port ion of the transient and second

ly, th is al lows for compensat ion of the errors in
detection of the beginning of the sweep because of
fi n i t e r i s e t i m e .

I V . N O I S E I K M U N I T Y

To demonstrate some properties of noise immunity
of this scheme, consider the result of a delta

impulse excitat ion by reference to Figure 1.
Theoretical ly, the impulse has a constant frequen
cy spectrum and would excite the entire bank of
fi l t e r s s i m u l t a n e o u s l y. T h e o u t p u t f r o m t h e fi r s t
fi l t e r wou ld then in i t i a te i t s enab l i ng de lay 1 .
At the end of this delay, the output from the
s e c o n d fi l t e r i s i n t e r r o g a t e d . I f i t s o u t p u t i s

present (examined on a comparative amplitude
basis) , then the detect ion cyc le is d isabled for
the fo l low ing reason . In o rder tha t the t rans ien t

be classified as a member of the specified family
of swept frequency events, the filter must not res

pond until an interval of time has elapsed which
includes both the "enable" delay of the previous
fi l t e r p l us a f u r t he r pe r i od cha rac te r i s t i c o f t he
t r a n s i e n t o f i n t e r e s t . W i t h o u t t o o m u c h d i f fi c u l t y,
one can examine various other types of input signals
and conclude that they too will not be falsely de
tected as swept events.

It has been empirically determined that for a
linear frequency ramp beginning at 50 hz and sweep
ing to 1200 hz in 5 milliseconds the maximum signal
to noise rat io required for detect ion is 16 db with
a 3 0 0 h z n o i s e b a n d w i d t h . T h i s f a l l s o f f a s t h e

b a n d w i d t h o f t h e G a u s s i a n n o i s e i s v a r i e d a n d

becomes less than 0 db required signal to noise
r a t i o w i t h a 2 d e c a d e i n c r e a s e i n n o i s e b a n d w i d t h .

V . C I R C U I T R E A L I Z A T I O N

Referring to Figure 4, the system was first imple
mented using the minimum number of bandpass filters
- n a m e l y t w o . T h e s e a r e f o r m e d f r o m I C 1 - I C 3 a n d

IC4 - IC6 . Th i s s ta te - va r i ab le configu ra t i on o f

equa l -bandwid th fou r th -o rder fi l te rs a l lows fo r in
dependent adjustment of filter bandwidth and reso
nant frequency.

T h e o u t p u t i n t e r r o g a t o r f o r t h e fi r s t fi l t e r ( l o w e r
resonant frequency) is comprised of IC9A, ICIO, and
ICllA. These form an envelope detector, an expo
nential peak detector, and a comparator, respect

i v e l y. W i t h t h i s c o n fi g u r a t i o n i t i s p o s s i b l e t o
determine when the envelope of the present signal
is greater than a percentage of the previous signal.

B y u t i l i z i n g a n e x p o n e n t i a l l y d e c a y i n g p e a k d e t e c

tor, the system can adjust to varying input ampli
t u d e s . I n a d d i t i o n , t h e fi n i t e r i s e t i m e o f t h e

transient response of the bandpass filters is com

pensated for by detecting the signal before the
peak in the envelope of the fil ter response. Po
t e n t i o m e t e r , P I , t h e n c a n e f f e c t s e v e r a l t r a d e o f f s
between noise immunity, amplitude variation, and

accurate swept frequency detection.

The output (F) init iates "enable" delay 1 which
c o n s i s t s b a s i c a l l y o f I C 1 3 A a n d B a n d I C I S B . T h e

second output interrogator is composed of IC9B,
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