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Abstract: In this paper, we analyzed the pulse response from conducting

strips with dispersion medium sandwiched air layer by using a combination

of fast inversion of Laplace transform (FILT) method and point matching

method (PMM), and investigated from pulse response the influence of

periodically conducting strips and depth of air layer. From numerical results,

we clarified the effect of the air layer, and characteristics of both air layer and

periodically conducting strips are showed by differential waveform.
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1 Introduction

Recently, deterioration such as tunnel or the road which is constructed in high
economic growth period becomes very important problem in Japan. In the subsur-
face of urban area, the object such as communication cables and water pipe exists in
soil. Therefore, in the case of construction, we are required to examine without
destroying the target objects buried in the soil. Then, the ground penetrating radar is
known as technology which can investigate the geometry in underground structure
[1, 2, 3, 4, 5]. However, though it is not treated the dispersion of underground
medium, many numerical results are analyzed the inverse scattering problem by
finite difference time domain (FDTD) method [4, 5].

In recent papers [6, 7, 8, 9], a periodic perfect conductor is used to investigate
the solution for the metallic scatterer problem in soil. We have analyzed the pulse
reflection responses from the periodic perfect conductor in two dispersion media
by varying the parameters for the permittivity properties of the complex dielectric
constants, and investigated the influence of both the dielectric and conductor using
a combination of fast inversion of Laplace transform (FILT) method [10] and point
matching method (PMM).

In this paper, we analyzed the pulse response from conducting strips with
dispersion medium sandwiched air layer, and investigated from the pulse response
the influence of periodically conducting strips and depth of air layer. Consequently,
we clarified the effect of the air layer, and characteristics of both air layer and
periodically conducting strips are showed by differential waveform.

2 Method of analysis

We consider the structure for periodically conducting strips with dispersion medium
sandwiched air layer as shown in Fig. 1. The structure is uniform in the z-direction,
and is periodic length p in the y-direction. The dielectric constant of regions S, S,
S3, and Sy is &g, €1, €2, €3, respectively. The permeability is assumed to be g in all
regions. A conducting strips and reflected plate is assumed to be perfectly
conductor. They are embedded at x = dy + d) and x £ d (= dy + d; + d»), respec-
tively. The width of conducting strips is defined as w. In this paper, electromagnetic
fields £ and H represent those in the complex frequency domain. The waveform of
the incident pulse at x = 0 is assumed to be a sine pulse in complex frequency
domain, as in Fig. 2(a), and it can be expressed as [6, 7, 8, 9]

Eg) = - Q2r/ty) . (1— e—stw), (1)

s*+ (2n/ty)

where #,, (2 1/fo, fo: center frequency) is the pulse width. The reflected wave
can be expanded as the truncation mode number N; by using the Floquet’s theorem
as follows:


http://dx.doi.org/10.1029/RS016i006p01015
http://dx.doi.org/10.1029/RS016i006p01015

IEICE Electronics Express, Vol.15, No.6, 1-6

Fig. 1. Structure and coordinate system of conducting strips with
dispersion medium sandwiched air layer
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Fig. 2. Waveform and frequency spectrum of incident sine pulse
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In regions Sy, S5, S3, and Sy, the electromagnetic fields are expressed as [6, 7, 8, 9]

E ) = B e + ED @, ), 3
N

EP(x,y) = 21: [ADe™"x 4 BDgth"x|gi2nny/p, &)
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where k; is wave number in the vacuum, kg-") is the propagation constant in the
x-direction, and N, is the truncation mode number of electromagnetic fields. 4,,, B,
are the unknown coefficients to be determined from boundary conditions. Here, to
express the dispersion media, complex dielectric constants are employed by the
combination with Sellmeier’s formula and orientational polarization as follows [6]:

e(s) a 3 @% Ky

= + .
€0 ;s2+g;s+wf 1+ s7;

The parameters (®;, g/, oy, k;,7;) of Eq. (9) were found from Ref. [6]. From the
boundary condition based on Egs. (1)—(7), we derive the simultaneous equation for

€))
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reflection coefficients R,. To get this, we divided into a perfectly conducting region
C and gap region C at x = dy +d,, and apply the point matching method as
following equation [7, 8, 9]:
aV_ @
“Tp 2N+ 17

Therefore, boundary conditions are as follows:

a=1~ QN +1). (10)

EV0,3) = E20, ), 10,9 = AP0, ), (11
EP (o, y) = EX(do, y), A (do, ) = A (do, »), (12)
Y, € C; EXdy +dr,y) = E(dy + diy) = 0, (13)
Y, € G EXdo + di,y) = EV(do + dv,y), H (do+ dv,y) = HY (do + i y), (14)
E%Ud,y) = 0. (15)

From Egs. (11)—(15), we can obtain the simultaneous equation in regard to
reflection coefficients R,

Ny
(n) (n) _jmy _ 70 (0) ~(i
Ya = C, Z [ffn)e—/% di + fén)e+k3 dl]Rne i py — _(ééo)e k3 di + f‘(‘o)e+k3 dl)Eg),(16)
N=—N,
N
Y, e Y KO ' 4 KD kbR, e
n=—N|
— _ 70 0) ~ (i
— _(Ké )53('0)6 k3 d +Ké+)§‘§0)e+k3 dl)Eg), (17)
where,
T2 1k /k, TV 21—k /KD, TS 2 1+ &P/, T5) 21— kP /K,
T§) & 14 /KD, T & 1 0 k0 K & 40p ) KO A g 0
N 2 N b n s n s
B (14 e 200) /(1 = 20, & & TNk 4 ) ot
’ a7 3n a3 >
7 & TG L T, o 2 Prie- i 4 Trge™,
& £ TR s TiRrRe
The reflection coefficients is found by Eqs. (16)—(17). The reflection electric fields

of Eq. (2) obtained utilizing the value of R, is transformed into the normalized time
domain using the FILT method as following equations [10]:

1 y+i00 ea N-1 B J
eN(T) & o= / ED(S)e’dS = - (ZF,, 2N GFreg ). (18)
L Jy—ico n=1 q=0
where,
+i(n— 0.5 J+ !
F, 21y ml 0 (2 22 o A G A G
(=D m{z< 7 =1, G Jq+q!(J+1_q)!

3 Numerical results

In the parameters of the complex dielectric constant, we use the value obtained
from Ref. [6]. Here, FILT parameters of numerical calculation use a = 4, J = 10,
and N = 50. In the following analysis, we assumed to be dielectric constant
&) = &p.

Fig. 3(a) shows the result of pulse responses for varying normalized depth of
air layer D; (2d,/p) as condition of a normalized depth D, (& d>/p) = 100,
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Fig. 3. Pulse response for varying normalized depth D; of air layer

0.1~
e(T)
0.05]

v wn
£(9)=£,()[10%] ih'\_

0

0 Sy 005,
0.1k P=20 Differential waveform
T S Dy=04 -—=-(A2)- (Al
-0.2! w/p=00 D, =0.1 (B1) - (A1)
W/p=025 -0.15+ D, =100 — - =(B)-(A2)
- —— == w/p=050
04 D, =100 —. —:;i:ws (0.2l Drbi=0s
(a) Pulse response (b) Differential waveform

Fig. 4. Pulse response for varying the normalized conducting width
w/p

normalized period P (£ p/(t,,c)) = 2.0, fo = 1 GHz, normalized conducting width
w/p = 0.0, and dispersion medium &; = &3 = &(s) of water ratio 10% for fixed
normalized depth Dy + Dy (£ (dy + d1)/p) = 0.5. Fig. 3(b) shows the differential
waveform for result of Fig. 3(a). And, we named as A1~A3 the analysis structure
in Fig. 3. From Figs. 3(a) and (b), we can see the following features:

(1) By changing the normalized depth of air layer D, the initial pulse response at
0 < T <1 is same for all cases. And also, we can see that time difference occurs for
the response because of a propagation distance of the dispersion medium.

(2) From Fig. 3(a), we investigate the normalized thickness Dy of the medium from
the difference of peak value because of a rise time is unclear. Here, the normalized
time of peak value is Ty = 0.26 for case of D; = 0.0, T} = 1.69 for case of D =
0.1, and 7, = 2.09 for case of D; = 0.2, respectively. Consequently, each time
difference is Ty (2 T, — Ty) = 1.83 and T,p (2 T, — Tp) = 1.43 for case of Dy =
0.4 (Dy =0.1) and Dy = 0.3 (D = 0.2), respectively. On the other hand, by using
the 0-th mode propagation constant kgo) and real part of complex dielectric constant
e(s) ~ 5.8742 at fy=1GHz in Ref. [6], each propagation distance is [; =
2Dg/2(s) = 0.84/5.8742 ~ 1.94, 1 = 2D/2(s) = 0.6+/5.8742 ~ 1.45. There-
fore, both results are approximately same as Ty = ly1, T = .

(3) We can see that the initial pulse response vanishes from Fig. 3(b) because of
same amplitude responses. As the result, we can understand as the amplitude of
response depends on the influence of the depth for the air layer.

Next, we investigate the influence of w/p. Fig. 4(a) shows the results of pulse
response for varying w/ p as condition of Dy = 0.4 and D; = 0.1 for fixed the same
condition of Fig. 3. In the same manner, we named as B1~B3 the analysis structure
in Fig. 4. For comparison of Fig. 4(a), we also showed the result of structure A2 in
Fig. 3(a). Fig. 4(b) shows the differential waveform for result of Fig. 4(a). From
Figs. 4(a) and (b), we can see the following features:
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Fig. 5. Convergence of 1/N; and comparison of pulse response

(1) By changing the w/p, we can see that the pulse amplitude from air layer for
w/p=0.0at2.2<T<2.79 is smallest in all the cases. But, at 2.8 < 7' < 3.4, its
amplitude for case of w/p = 0.25 is smaller than that of w/p = 0.0.
(2) From Fig. 4(b), we can see that the effect of a conductor and air layer appear at
the near 7' = 3.0. And, from the result of BI-A2, we can obtain only the response
from strip conductor. Consequently, the phase of response for B1-A2 is opposite to
that of A2—A1 for the response which is extracted the influence only from air layer.
We examine the convergence of the truncation mode number N; of electro-
magnetic fields. Fig. 5(a) shows convergence of the truncation mode number 1/N,;
versus the normalized electric fields |e{”(T)| for case of w/p = 0.25 and w/p =
0.50 for fixed 7 = 3.06 under the same conditions as Fig. 4. From Fig. 5(a), the
relative error in the |e§’)(T )| to extrapolated true value is less than about 2% when
we computed by using N; > 40. However, in the case of w/p = 0.25, we can see
that it is not sufficient to use for this calculation. Therefore, we can understand that it
have to use N; > 90 in order to maintain the same accuracy as w/p = 0.50. Finally,
we investigate the influence of reflected plate under the same conditions as Fig. 4.
Fig. 5(b) shows the pulse responses for both w/p = 0.50, Dy = 0.1 and w/p =
0.50, D; = 0.0 under the same condition of Fig. 4. For comparison, we also show
the result for D, = co (= 100) from Fig. 4(a). From Fig. 5(b), we can see the
following features:
(1) From the results of D, = co and D; = 0.1, we can see the slightly effect of
the reflected plate from near 7 = 2.5. Thus, we can consider that it appears only
influence of the conductor because of the depth D, of dispersion medium is thin
layer.
(2) In comparison with case of same media &; = &, = &3, we can see the amplitude
of response becomes smaller than that of other case. As this reason, we can be
considered as the response attenuated by the effect of dispersion medium.

4 Conclusions

In this paper, we analyzed the pulse response from conducting strips with
dispersion medium sandwiched air layer, and investigated the influence of periodi-
cally conducting strips, air layer, and the reflected plate by using a combination of
FILT and PMM methods.

From numerical analysis, we clarified the effect of the air layer, periodically
conducting strips, the reflected plate by using the differential waveform. As a result,
we were able to obtain the characteristics for the layer of target objects.



