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ABSTRACT

Mutual coupling is important problem that reduces the accuracy of quasi
monostatic radar cross section (RCS) measurement, which uses to model the wireless
channel using ray tracing method. In this paper, measurement scheme of quasi
monostatic radar cross section using time gating technique for reducing mutual
coupling is proposed. The measurement is done in anechoic chamber. Target under
test (TUT) is the personal computer. The double ridged waveguide horn antennas are
used as transmitter and receiver antennas with both vertical and horizontal
polarizations. The vector network analyzer (VNA) is used to measure frequency
transfer function of reflecting with TUT and transmitter-receiver antenna link
channels in frequency ranged covered ultra wideband (UWB) that is from 3 to 11
GHz. The time gating technique is used to reduce the mutual coupling between
transmitter and receiver antennas of reflecting channel in time domain. In addition,
the transmitter-receiver antenna link channel is used to remove the effects of
transmitter and receiver antennas from reflecting channel. The RCS of TUT at each
angle using time gating technique is illustrated and compared with that not using
time gating technique. From the results, RCS using time gating can be increased the

accuracy of quasi monostatic RCS especially at angle with very low RCS level.
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Abstract—This paper proposes measurement scheme of radar
cross section (RCS). The measurement of quasi monostatic radar
channel is done in anechoic chamber. The time gating technique
is used for removing the effect of mutual coupling between
transmitter (Tx) and receiver (Rx) antennas. The personal
computer (PC) case is used as the target under test (TUT). The
vector network analyzer (VNA) is used to measure transmission
coefficient in frequency range covered ultra wideband (UWB)
that is 3-11 GHz. The double-ridged waveguide horn antennas
are used as Tx and Rx antennas with vertical polarization. The
complex frequency transfer function at each angle is used to
evaluate the RCS of TUT. The RCS with time gating are shown
and compared with that without time gating. From the results,
we can see that the proposed measurement scheme can be
increased the accuracy of RCS that evaluated from quasi
monostatic radar with dense mutual coupling between Tx and Rx
antennas.

Keywords—radar cross section (RCS); time gating; muatual
coupling

L

For the wireless communications, the multipath fading is
important factor to decrease the system performance. The
combination of direct signal with scattering signal from object
in an environment causes the multipath fading. Therefore, the
understanding of scattering characteristic of each object is
necessary for modeling the wireless communication channel.
The radar cross section (RCS) is the parameter that describes
scattering ability of target under test (TUT). Although there are
closed form formulas of simple target shapes, the measurement
scheme of RCS is needed for complex target shapes.

INTRODUCTION

There are many researches that proposed measurement
scheme of RCS. The RCS of many targets are interested. The
RCS of simple targets are measured in anechoic chamber [1].
The other complex targets such as tree [2], building [3] and
objects on street [4]. The ultra wideband (UWB) measurement
technique of RCS is used to study the effect on UWB system
[5]. Although the measurement of RCS with time gating is
proposed to reduce the multipath fading effect [6], there is no
consideration mutual coupling between Tx and Rx antennas
and measurement in anechoic chamber.

This paper proposes measurement scheme of RCS. The
measurement of quasi monostatic radar channel is done in

978-1-5386-0449-6/17/$31.00 ©2017 IEEE
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anechoic chamber at Electrical and Electronics Institute. The
time gating technique is used for removing the mutual coupling
between transmitter (Tx) and receiver (Rx) antennas. The
personal computer (PC) case is used as the TUT. The vector
network analyzer (VNA) is used to measure transmission
coefficient in frequency range covered ultra wideband (UWB)
that is from 3 GHz to 11 GHz. The double-ridged waveguide
horn antennas are used as Tx and Rx antennas with vertical
polarization. The complex frequency transfer function at each
angle is used to evaluate the RCS of TUT. The RCS with time
gating are shown and compared with that without time gating.

The rest of this paper is organized as follows. Sec. II
describes theory of RCS evaluation. Next, the measurement
scheme is explained in Sec. III. After that, Sec. IV shows the
measurement results. Finally, conclusion is given in Sec. V.

II. THEORY OF RCS EVALUATION

A. Extension of Monostatic Radar Equation

The original monostatic radar equation is used to derive the
link budget in the term of real power gain and loss, while the
scattering object in channel is characterized in term of RCS.
The radar equation of monostatic radar, which is shown in Fig.
1, is expressed as [7]

f[ Py O-GI Ae’

= 1
P l67°d" M
where P (W) is received power, P (W) is transmitted power,
G, gain of Tx antenna, A4, (m?) is effective aperture of Rx
antenna, o (m?) is RCS of TUT and d (m) is distance

between antenna and target.

In this paper, the UWB measurement technique is used.
Therefore, the original monostatic radar equation is extended in
the complex form of frequency transfer function as

D) i

HO'
Szm(f) = 4’

2
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Fig. 1. Block diagram of monostatic radar.

where H, is transfer function of Tx antenna, H, (m) is
transfer function of effective aperture, H_, (m) is transfer
function of RCS, f (Hz) is frequency and ¢ (m/s) is velocity
of light.

Parameter §,, in (2) is obtained by measuring parameter

S,, of monostatic radar channel in anechoic chamber. From
this equation, we obtain new quantity in complex form, which
are H, and H . The relations of old and new parameters are

o=|d,[ (3)

“4)

2

Ae =|He

B. Extension of Tx-Rx Antenna Link Equation

Equation (2) has characteristics of Tx and Rx antennas that

are H, and H . For removing these parameters to evaluate the

RCS of TUT, the Tx-Rx antenna link equation, which is shown
in Fig. 2, is considered as

G A

t" e

= 2
47

)

o fvw

where d, (m) is the distance between Tx and Rx antennas.

After that, the Tx-Rx antenna link equation is extended in
the complex form of frequency transfer function as

H (1), i

S ()= W
s

(6)

Parameter S,, , in (6) is obtained by measuring parameter

§,, of Tx-Rx antenna link in anechoic chamber.

From (2) and (6), the transfer function of RCS can be
evaluated from

H (f):@eﬂ#(m—df)/c Sy, () ™
Y df S21,_/' )
978-1-5386-0449-6/17/$31.00 ©2017 |IEEE
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Fig. 2. Block diagram of Tx-Rx antenna link.

C. Application of Time Gating

Equation (7) can be used to evaluate RCS by using
measurement scheme of monostatic radar channel. For the
measurement scheme of quasi monostatic radar channel, there
is effect of mutual coupling between Tx and Rx antennas. The
quasi monostatic radar equation with multipath effect can be
expressed as

Szmm (f)= |:Hg—(f)e

—j4nfd/c
e () ®

where f,, is the transfer function of mutual coupling between
Tx and Rx antennas.

Parameter S, in (8) is obtained by measuring parameter

S,,; of quasi monostatic radar channel in anechoic chamber
with effect of mutual coupling between Tx and Rx antennas.

Transfer function of mutual coupling between Tx and Rx
antennas cannot remove directly in frequency domain. For the
advantage of UWB measurement, the time gating is applied for
removing the mutual coupling effect. First, the impulse
response of (8) is evaluated by using inverse Fourier transform:

hy(6)= [ S0 ()7 df ©)

where A, is impulse response of quasi monostatic radar
channel and ¢ (s) is time.

Impulse response of quasi monostatic radar channel has
scattering from TUT at about time delay 2d/c s and has
mutual coupling at time delay much less than 2d/c s.
Therefore, the time gating technique can be applied to remove
the mutual coupling between Tx and Rx antennas.

The time gating in this paper uses Kaiser-Bessel window
for removing mutual coupling effect. The Kaiser-Bessel
window is defined as [8]

T T
— <<t +=(10
2 pt5 10

otherwise
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Fig. 3. Double-ridged waveguide horn antenna.

where T is widow width, & is window shape parameter and
T, is the time at peak of window. In this paper, & is set to 4.8
and T, is set to about 2d /¢ s. Function I,(x) is the zeroth-

order modified Bessel function of the first kind, which is
defined as

T
J‘ excus(ﬁ)dg

0

1

T

I,(x)= (11)

After that, the transfer function of quasi monostatic radar
channel with time gating can be estimated by using Fourier
transform of (9) multiply by (10):

S () = [l s (12)

Finally, the transfer function of RCS with time gating can
be evaluated from

_ 2\/;d2 /2 2d=dy) e S.,(f)
d.

H,,(f) S0

(13)

/

Equation (13) is convenient to evaluate the RCS by using
measurement scheme of quasi monostatic radar channel in
anechoic chamber.

III. MEASUREMENT SCHEME

In this paper, the RCS measurement is done at Electrical
and Electronics Institute. The TUT is a PC case. The VNA is
used to measure the magnitude and phase of transmission
coefficient in frequency ranged from 3 GHz to 11 GHz, where
ports 1 and 2 are connected to Tx and Rx antennas,
respectively. The double-ridged waveguide horn antennas are
used as Tx and Rx antennas with vertical polarization. The Tx
and Rx antennas are placed close together for simulating the
quasi monostatic radar channel. The double-ridged waveguide
horn antenna is shown in Fig. 3.

978-1-5386-0449-6/17/$31.00 ©2017 IEEE
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<

Fig. 4. Measurement setup for monostatic radar channel.

Fig. 5. Measurement setup for Tx-Rx antenna link.

For measuring the monostatic radar channel, the
measurement is done in anechoic chamber with distance
between antennas and TUT of 3 m as shown in Fig. 4. This

result is used as (8). The TUT is rotated around with 10°
increment. Moreover, the measurement of Tx-Rx antennas link
channel is done in anechoic chamber with 3 m distance as
shown in Fig. 5. This result is used as (6). The RCS with time
gating is evaluated by using (13) and compared with that
without time gating.

IV. MEASUREMENT RESULTS

Fig. 6 shows the impulse response of quasi monostatic

radar at angles of 0°, 30° and 90°. It can clearly see that there
is same mutual couple occurred at time less than 20 s and
scattering from each angle of TUT arrived at time from 20 s to
25 s. This mutual couple is removed by using Kaiser-Bessel
window.

The transfer function of Tx-Rx antenna link is shown in
Fig. 7. This result includes the characteristics of Tx antenna, 3
m free space channel and Rx antenna and use to remove the
characteristic of antennas from quasi monostatic radar channel
after done time gating.



2017 14th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications

and Information Technology (ECTI-CON)

7
x10
5 T T | o |
— " 0 angle
ot ‘l'
5 \ \ \ \ I I |
9 0 5 10 15 20 25 30 35 40
£ .x10’
25¢ T T T \ | | =
- ‘_30 angle‘
g O
—5'_5 | | | | | | |
g‘ 0 5 10 15 20 25 30 35 40
— 7
10
5f T \ \ \ | | S
) b l ‘_90 angle‘
5 \ \ \ \ r | | |
0 5 10 15 .20 25 30 35 40
Time (ns)
Fig. 6. Magnitude of Tx-Rx antenna transfer function.

Magnitude (dB)

11

6 7 8
Frequency (GHz)

Fig. 7. Transfer function of Tx-Rx antenna link.

Fig. 8 shows RCS at 0° angle along frequency from 3 GHz
to 11 GHz. RCS without time gating fluctuates more than that
with time gating that because mutual coupling between Tx and
Rx antennas interferes the scattering signal from TUT.

RCS at frequency of 6.85 GHz along angle of TUT from
0° to 360° is shown in Fig. 9. The peak of RCS isat 0°, 90°,

180° and 360° correspond to shape of TUT. The lower level
of RCS with time gating is less than that without time gating
that because the mutual coupling is removed.

V. CONCLUSION

This paper proposes measurement scheme of RCS with
time gating for removing mutual coupling between Tx and Rx
antennas occurred from quasi monostatic radar channel. From
the results, the RCS with time gating has less fluctuation along
frequency and less lower level compared with that without time
gating. These indicate that the proposed measurement scheme
can be increased the accuracy of RCS that evaluated from quasi
monostatic radar with dense mutual coupling between Tx and
Rx antennas.
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Abstract

In this paper, the reduction of mutual coupling using time gating technique for the
measurement of quasi monostatic radar cross section (RCS) is proposed. The measurement is
done in anechoic chamber. Target under test (TUT) is the personal computer. The double ridged
waveguide horn antennas are used as transmitter (Tx) and receiver (Rx) antennas with horizontal
polarization. The vector network analyzer (VNA) is used to measure frequency transfer function of
scattering with TUT and Tx-Rx antennal link channels in frequency ranged from 3 to 11 GHz. The
time gating technique is used to reduce the mutual copling between Tx and Rx antennas of
scattering channel in time domain. The Tx-Rx antenna link channel is used to remove the
characteristics of Tx and Rx antennas from scattering channel. The RCS of TUT at each angle
using time gating technique is illustrated and compared with that not using time gating technique.
From the results, RCS using time gating technique can be clearly increased the accuracy of quasi
monostatic RCS.

Keyword: Radar cross section (RCS), Time gating, Mutual coupling
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