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Abstract

This paper illustrates the existence of branch points in transients
on lossy transmission lines and presents a technique of detecting
branch points. By applying modified FFT to the transient signal and
from the resulting amplitude and phase spectra, it is possible to
detect and distinguish branch points from poles. Numerous examples
are given to demonstrate the effectiveness of the modified FFT and the
use of windowing in improving the detectability of a small branch
point under the influence of a nearby strong pole.
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1. INTRODUCTION: o

In recent years significant interest has been focused on the problems
of target identification and remote sensing. To défermine the physical
properties of a traget one illuminates it with a wide-band signal and
determines the singularities in the transient response. The target is
usually modeled as a lumped-parameter system. The transfer function of
the system is often assumed to consist of simple poles only. It was
pointed out by Baum [1] that for a general target the reéponse might
contain singularities other than simple poles. Franceschetti {[2]-[3]
showed that, in a dispersive environment, the branch-out contribution
plays a dominant role at large observation times. In the case of
transients on a lossy transmlséion line it is well known that the branch
points play an important role in the transieﬁt analysis [4]-[5].
Recently, Tai [6] applied singularity expansion methods to analyze ihe
transients on a lossless line. In this paper we illustrate the
"existence of branch points in transient responses for two cascaded
lossy transmission lines. The main purpose of this paper is to present
a technique of detecting branch points. By appl;ipg a recently developed
modified FFT to the transient signal, we are able t; employ both the
phase a;d the amplitude spectra to detect and distinguish branch points
from poles. By proper application of window?ng we also show the
possibility of improving detectability of a small branch point under

the influence of a nearby strong pole.




2. Branch Points in a Transient on a Lossy Transmission Line:

We consider two lines of lengths £ and d cascaded as shown in
Figure 1. The lines connect an arbitrary generatof Vg(s) of impedance
Zg(s) with an arbitrary load impedance ZL(s). The lines afe lossy and
uniform but there is a diﬁcontin&ity at x=2 (or x'=0) where the voltage
is designated as vL(t), which has a Laplace Transform VL(s). Let
T be the delay time from x=0 to x=£ and T' be the delay time from
x'=0 to x'=d, then for 0<t<t, (tl is the smalier of T' or 3T) the

voltage vL(t) is given by [5].
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-1 . __2o(s) . 2o(s) .
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o<t<t, (1)
where.C1 denotes the inverse Léplace transform. The characteristic
impedance Zo(s) and propagation function y(s) of the transmission line £
are given by

Zn(s) = [z(s)/v(s)1} (2)
¥(s) = [2(s)v(s) 1} (3)

where the transmission-line series impedance/meter Z(s) and shunt

admittance/meter Y(s) are given by [5] for a coaxial cable:

THIZ 4 47 ()

2 .
Z(s) = sL + Aosi + 1 A ¢s

k=0
Y(s) = sC - (5)




.'Eh. (¥) is for high frequency approximation. ¢ is a function of

the conductor physical dimensions and material parameters. The

coefficient AD represenfs planar skin effect while A_ through A

1 3
introduce cylindrical lower-frequency corrections. The coefficients
are functions of the radif of the coaxial cable and are given in [5].
Here what we are interested in is the fact that both Z(s) and Y(s) are
functions of complex frequency s = o+jw even for high-frequency

approximation. In (1) 26 is the characteristic impedance of line d,

which has similar expressions as given by Egs. (2) through (5):

2y(s) = [2' (s)/v* (s)1* (6)
¥ (s) = [2' ()Y (s)]* . (7)
where
. 5 |
2'(s) = sL'+A(;(s)i + kzoA’k...]s.k/2 + s | (8)
Y'(s) = sC' (9) O
From (2), (4), (6) and (8) it can be seen that the branch points 4RJ)
of vL(t) are given by the roots of
2
sL + Aosi + 7 Ak+15-k/2 +¢s2 =0 (10)
k=0
2
sL' + Aas* + 7 A'kﬂs'-k/2 + ¢'s'z =0 (11)
k=0

Since the coefficients ¢, ¢'; A, and A’ (k=0 to 3) are functions of
the physical dimensions and material parameters of the transmission

lines, the branch points of vL(t) are also functions of these parameters.

Now part of vL(t) will-be reflected back to the source, thus the

received signal at the source will contain poles and branch points

which characterize both transmission lines.




3. - Detection of Branch Points by Modified FFT:

(a) Modified FFT.

It was shown in [7] that one can modify FFT to evaluate the
z-transform of a time sequence along a general contour on the complex
frequency plane. The modified FFT then plays the role in a discrete
system which is played by the Laplace transform in a continuous system.

Assume the time response x(t) is uniformly sampled at a sampling
rate of fs Hz. let T = I/fS be the :sampling time interval. Let
{sk} be the complex frequency along the straight line s=-0_, then
S, =0 tiw , where w =2mkf_/N. The Laplace transform of x(t) can then
be evaluated by

X(s,) = "I (x, €190y i (12)

n=0 :

Eq. (12) shows that to evaluate X(s) along a straight line s=-g_ on the
complex plane, one can multiply the sequence xn-x(nT) by {eoonT}
and then take the FFT.

(b) Phase Variation near the Singularities.

Consider a received signal x(t) with a Laplace transform X(s).

Assumé there are N pairs of simple poles spn--anszn, n=1,2,...,N,

and M pairs of branch points sbms-omiij, m=1,2,...,M. We write the

X(s) as .
) : R S ! ) (13)
X(s) = Ja(———+—g)+ LD 13
n=1 " 57%pn s S;n m=1 " (s-sbm)(s-sgm)
Taking inverse Laplace transform of (13) yields
N b-at R
x(t) = anxane n-cosB t + mZibne m Jo(ﬁmt) (14)




where Jo(t) is the zero-th order Bessel function. Notice that we have
implicitly assumed that {a“} and{bm} are real numbers for simplicity.
Now if the-modlfied FFT is evaluated along the contour 0=-0 which is

very close to a pole at spn'as shown in Figure 2, then at A and B we

have
a a ejeA
X(SA) 3—-;;-'-— = —?—5—‘— (15)
SA"%pn A .
and .
) a ane‘JeB
X(sp) = — = (16)
B Sg spn IEBI .

The phase variation is (9A+63). If the contour is very close to
. o
the pole Son then (9A+63) w;l] approach 180",

If the contour is passing by a branch point Sbm then

: b b exp(j8,)
X(s,) = - - A (7
(SA-sbm)(sbm-sgm) eA(sbm-sgm)
and . )
: b .. b exp(-j¥0
X(sg) = n - 0 8 (18)
(SB'sbm)(sbm-sgm) , EB(sbm-sgm)

The phase variation is now &(6A+GB), which approaches 90° if the contour
is very close to the branch point. The above analysis shows that we
could detect a singularity by observing a large variation of phase
angle of the modified FFT. We can also distinguish a branch poiht from

a pole by observing whether the phase variation is close to 90° or

180°*
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(c) Windowing to Improve Dectéﬁility. ‘ ‘ <:)
Since the data sequence is finite, the modified FFT suffer A

from leakage effects, which results in high near-sidelobes in the _ '
speﬁtra] window. Thus to_improve the detection of a small singularity
(branch point or pole) in the presence of a nearby strong singularity
we shall apply a speci;l Tseng window [8] designed to Eave léw near-
sidelobes to the modified FFT. |

The‘detaifed Tseng windown design technique has been presented in
[8]. Here we outfine the main design procedure. Let {wo,w‘,wz,...
Wy} be the desired 2K weights of the data window. The spectral
window can be written as |

W(F) = 25" we J2TRT , - (19)

k=0
which can be éxpresséd as a polynomial of u=cosmfT:
' K=1 '
w(F) = 2e7 3 @RNTET T 2ugy ‘ (20) L
k=1 u=cos fT

where {Ek} are the zeros of the polynomial. By controlling the locations
of the zeros one can form a spectral window with a desired sidelobe

structure. To supress near-sidelobes the zeros {Ek} can be chosen as

follows: »

£, = cos (T2k) k=1,2,...,K-1 (21)
where |

Z=k for k>k | | | (22)
and ‘ |

2y = Loty for 1sk<k ' ' (23)




with
ko K\ .
A= I-Asin[(E;:TJ 21 | : (24)

In (23) and (24), Ak is the increment of {Zk}, k, is the number of
the near-sidelobes to be suppressed, and A is a parameter to contro!
the near-sidelobe level. In [7] a Tseng window is designed with kosh

and A=0.7, which yields a spectral window with near-sidelobes of

-47 dsB.

4. Numerical Examples:

We now consider a real time signal given by
-o,t ‘ -o,t
x(t) = Vie "t J°(2Wf1t) + Ve 72 cos(Zﬂfzt)

+ V3e-°3tJ°(2wf3t) + V“e‘ohtcos(Zﬂfht) (25)

which contains two pairs of branch points:
VI at -cltjzwfl and V3 at -031J2nf3 and two pairs of poles:

v2 at -oziwaz and Vh at -chtJZth

The signal x(t) is uniformly sampled at a sampling rate.of 10240 Hz.
A total of 128 samples are taken. To suppress picket-fence effect we
added 384 zeros to the sampled data. A modified FFT is then applied to
this 512 data points along a contour located at cacco. |

For the first example, we let the branch points V‘=V3-1.0 (0 dB)

at f, = 1000 Hz and f, = 2000 Hz, and the poles are V,=/ =0.1 (-20 dB)

3
at f, = 1500 Hz and f, = 2250 Hz. Fig. 3 shows the amplitude spectra
for the rectangular and the Tseng windows when the contour is along

o=-100. It illustrates that the Tseng window yields better resolution.
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Fig. 4 shows ihe phase spectra. Since the singularities are located
at 0=-150 while the contour is on 0=-100, the phase variations at the
singularities are less than 90° for the rectangular window while for
the Tseng window, the phase variations are much steeper. .The Tseng
window al;o shows larger ﬁhase variations on the poles (about 1700)
as compared to the branch points (about 130°%). As the contour cuts
across the singularities at 0=-150, the phase spectra of Fig. 5 show
that there are smaller phase variations (about 1100) at the branch
points than at the poles (about 190°) for the rectangular window, while
the Tseng Qindow results in higher phasé variations.

Fof the next example, the branch points are assumed to be small:
v,-v3-o.1 (-20 dB) while the poles have large amplitudes: V,=V,=1.0
(0 dB) but located at 0,=-200 and 0;=-250. Figure 6 shows the amplitude
spectra along the jw-axis (0=0). It shows that both windows failed to
detect the small branch points. Now, as the contour cdts at o=-150,
the Tseng window shows the ability to detect the branch point at 1000 Hz
while the rectangulaf window cannot detect any branch points. Figure 8
illustrates that both windows indicate small phase variation at the
branch points but much larger variations at the poles. Figure 3
presents the phase increments as functions of the frequency. It is seen
that, even though the amplitude spectra using both windows failed to
detect the branch point at f3-2000 Hz, the phase increment spectra
indicate a singularity at f3-2000 Hz. Notice also that the phase
increment patterns at the two branch points are quite different from

those at the poles. This is due to the fact that the contour cut across
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the branch points but stay away from the poles. There seems to be a
correlation between the sharpness of the phase increment pattern and

the closeness of the singularity to the contour.

5. Conclusions:

A new technique of detecting a branch point in transients is presented
in this paper. The new technique employs the phase information in
the modified FFT to distinguish a branch point from a pole. Several
examples demonstrate the effectiveness of the technique. It also shows
the importance of choosing proper contours in evaluating the modified
FFT. And by the use of windowing it is possible to detect a small

branch point under the influence of a nearby strong pole.
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