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Abstract—We have proposed a distributed array antenna distributed array antenna (DAA) system; it combines multiple
(DAA) system for high-speed satellite communications. The DAA small antennas to create a larger virtual antenna aperture [2].

system uses multiple small tracking antennas and combines . .

the transmission signals in-phase to increase the antenna gain. A DAA system has multiple small tra}cklng antennas and
DAA system has a problem that the undesired radiation at the @ DAA controller. DAA system synthesizes transmitted and
sidelobe direction increases as the antenna gain at the main lobereceived signals of the multiple small antennas to establish one
dlreCtI_Ol’l increases. In the mobile er_IVIronme_nt_, the COnVer-]tlc.)nal |arge V”'tual aperture antenna that Oﬂ:ers hlgh EIRP and h|gh
technique can suppress the undesired radiation in the limited ' ~\p "pAA system has two other major advantages. First is
condition because of changing the direction of the undesired . . . . . - .
radiation according to the movement of the mobile station. This a@nténna diversity, which offers improvements in rain margin,
paper proposes a DAA technique that suppresses the undesiredand significant redundancy by the use of multiple antennas.
radiation by setting a transmission plate at each antenna aperture Second advantage is the easy installation made possible by the

and moving them via adaptive control. The transmission plate yse of small antennas as space is limited on vessels, planes
consisting of a metal patch or slot retransmits electromagnetic and buildings

waves and changes the amplitude and phase of the waves. To
change the radiation patters of each antenna, the transmission In DAA system, the distance between antennas could be
plate rotates according to movement of the mobile station. After more than one Wave|ength and mu|tip|e grating lobes are
combining these changed signals, the adaptive control selects theyenerated. Each grating lobe increases the amplitude in the
rotate angle of the transmission plate to decrease the undesired ~. . . . . .
radiation at the sidelobe direction. The antenna gain on the main S'deIOb_e dlrectlon. Therefore, h,'gh ante.nn.a gain on the side-
lobe direction after combining is achieved with lower loss because lobe directions creates undesired radiation. When another
the insertion loss through the transmission plate is smaller. The satellite lies in the sidelobe direction, the undesired radiation
proposed technique offers more thar2.4 dB improvement with  interferes with the other satellite [3]. It is necessary to reduce
three antennas and morr]e than3.5 ‘15 lmprO\;]ement with four  the transmission power to reduce interference to give to other
antennas assuming each consists 6fx & patches. satellites. However, the gain of DAA is not achieved when the

Index Terms—Distributed array antenna (DAA) system, sup- transmission power decreases. Clearly the undesired radiation
pression of undesired radiation, mobile environment, transmis- i the sidelobe direction must be decreased. Using a low
sion plate, frequency-selective surfaces. sidelobe antenna is one approach, but the sidelobe value and
the antenna size have a trade-off relationship. Since DAA
system uses multiple small antennas, low sidelobe antennas
are not suitable.

Greater capacity is being demanded from broadband sateladaptive arrays and an antenna placement technique have
lite systems [1]. Satellite communication is especially impopeen proposed to suppress the undesired radiation for small
tant over wide ocean areas, which are not supported by largitenna array systems [4]-[8]. The adaptive array approach
based terrestrial networks. High-speed satellite communicatf@-[6] controls the amplitude and phase of the transmit-
services are generally realized by using high gain anteniag signals so as to set nulls on sidelobe directions but
to increase the equivalent isotropically radiated power (EIRBjior information as to the sidelobe directions is necessary.
and the carrier to noise power ratio (CNR). Increasing theyrthermore, suppressing the undesired radiation depresses
antenna aperture can improve the antenna gain, but anteffa antenna gain on the main lobe direction. On the other
weight and volume are increased disproportionately, and smadind, the antenna placement approach cuts the grating lobes
vessels have no space for large antennas. We proposedifjiecareful placement of the antennas. One technique uses

irregular antenna spacing to disperses the grating lobe [7].

'E)"I?‘”Lt’_scrifl’vtl 'e‘i‘iivggzgpg' toz,fzozo; {eVise,d A,\F/’I”' 213 228228- Date ojnother technique places the antennas so as to match the null
puH_'CaS'gn ana:jy K Suzékia:rg Cvl;irtr,fn th:rSIlil)'rl]'T a%em,’ork innovationOf the array response vectors and the peak of one antenna [8].
Laboratories, NTT Corporation, Japan, e-mails: so.hideya@m.ieice.oklgnfortunately, these techniques assume a fixed environment.
suzaki.kouhei@Iab.ntt.co.jp. _ _In mobile environments, the direction of the mobile station
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Fig. 2. Increasing of undesired radiation by direction angle change of mobile

MODEM station.

Fig. 1. Concept of DAA system.
is defined as an array response vector atrtkth antenna in

[ —180< 9 <
This paper proposes the use of adaptively controlled tran%%lmUth angleg (~180 < ¢ < 180), and can be expressed as

mission plates to suppress the undesired radiation when DAA En(0,) = 2_7T (2n cos(0 — @) + yusin(d — ¢)). (1)
system is used in a mobile environment. The plate transmits

electromagnetic waves only in a specific band and can contgol¢) is defined as the radiation pattern of theth one
the amplitude and phase of the waves by altering the incidericking antenna. The array combining patte@(g, ¢), is
angle of the plate to the waves. The transmission plate dsfined as

realized as a frequency-selective surface [9]. The transmission N

plate is set on the aperture of each antenna and rotated so that G(0,¢) = Z 9n(D)En (0, 9). )
the radiation pattern of the antenna becomes asymmetrical. 1

The undesired radiation is suppressed by combining the ama%he DAA controller controls these vectors to realize in-

of asymmetrical patterns. The adaptive control rotates thﬁase combining. When DAA is applied to the fixed station

transmission plate according to the movement of the mobﬁe : . . S
. . envjronment, that is static, the optimization of the antenna
station. The proposed technique can suppress the undeswle . o
L . . : acement can decrease the undesired radiation [7], [8]. On the
radiation with lower loss of the antenna gain on the main lo

L . o ... __other hand, in mobile station environment, the optimization of
direction because of controlling the transmission plate WIthOh!] . .
. e antenna placement cannot suppress the undesired radia-
the antenna placement or the adaptive array.

. . ! . ions because the antenna placement according to the received
The rest of this paper is organized as follows. Section tIP b g

presents DAA system concept and the problems raised by a(r)i_tenna c_:hanges by moving. In other worlis(6, ¢) changes :
. . ) . changing the path length at each antenna when the mobile
bile environments. Section Il describes the proposed schem

. ; . . .~ station moves. In mobile station environmeftis re-defined
Computer simulation results are shown in Section IV. Finall >

the paper is concluded in Section V 4s the mobile station angle.
pap ' An example of increasing undesired radiation by changing

mobile station environment is shown. In this case, the example
has three antennad/(= 3) for DAA system. Fig. 2 shows the
A. Concept of DAA System placement of three antennas. The antenna placement changes
Fig. 1 shows an application image of DAA system. DAAyY the mobile station moving. Fig. 3 shows the sum of
system consists of multiple small tracking antennas, an DA&ray response vecto@f:;1 E,(0,¢), the radiation pattern
controller, and a modem. The DAA controller is placedf one tracking antenna, and the array combining radiation
between the modem and the antennas. At the transmitter siglgitern of each configuration. In configuration 4 £ 6,),
the DAA controller divides the transmitted signal infg ij:l E,(6,¢) at ¢ = 15° is null, that the radiation pattern
streams and controls the phase and amplitude of each antepinane antenna is the first sidelobe. So the undesired radiation
appropriately to realize spatial in-phase combining at receiver decreased after array combining in Fig. 3 (c). However,
antenna. At the receiver side, the DAA controller combings configuration 2 § = 65), 25:1 E,.(0,¢) is not null at
all received signals appropriately to maximize the CNR. DA& = 15°. Note that the relative antenna placement of each
system offers both easy installation and significant CNR a@aditenna is hold. The array combining radiation pattern at
EIRP improvements. It also offers inherent redundancy, if oge= 15°, that is the undesired radiation, increases by changing
antenna fails, the communication service is supported by ttie antenna placement in configuration 2. This paper proposes
other antennas. the suppression technique of the undesired radiation in the
mobile environment, which add on the existing antenna.

Il. DISTRIBUTED ARRAY ANTENNA (DAA) SYSTEM

B. Issue of DAA System: Increasing in Undesired Radiation

DAA system has a problem that the undesired radiatioh!!: PROPOSAL ADAPTIVE CONTROL OF TRANSMISSION
increases when the antenna gain at main lobe increases as the PLATE FOR DAA SYSTEM
antenna gain at sidelobe increasss defined as a direction Fig. 4 shows the concept of the proposed method. The
of the receiver. Thes-th antenna is set t@r,,, v,). E,(0,¢) mobile station hasv tracking antennasy transmission plates,
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El of p2(¢) is decreased than that pf(¢). In the configuration
< 2 (Fig. 2 (b)), the antenna 1 uses(¢) (g1(¢) = p2(9))
2 and others usepi(¢) (g2(¢) = g3(¢) = pi(¢)). The array
o ‘ ; ; ; ‘ : combining radiation pattern is shown in Fig. 6. The undesired
o -40 iati _ qro i ;
0 5 0 5 0 15 20 25 30 radiation atp = 15° is dgcreased. The control unit chooseg
¢ (deg.) the most suitable radiation pattern every antennas according

to the mobile station angle.

There is a table that expresses the relationship between the
Fig. 3. Increasing of undesired radiation by direction angle change of mobimdesired radiation after combining and the rotation angle of
station. each transmission plate in advance. The proposed technique

selects the rotation angles from the table according to the mo-

bile stations relative position. Note that the proposed technique
and a control unit for each transmission plate. The controhn be combined with the conventional techniques shown in
unit rotates its transmission plate, which is placed in front of
the antennas aperture, to suit the mobile stations movements.
As the plate we use a frequency-selective surface (FSS) @] 0
consisting of a periodically structured metal patch or slot. Tltg
incident angle of the FSS relative to the aperture, changed-1o
by rotating the plate, changes the phase and amplitude of fﬁ_e
transmission wave. This changes the radiation pattern of oﬁe_20
antennag, (¢). The incident angles of the transmission plate§
are decided so as to minimize the undesired radiation aftgr

(c) Array combining radiation patterns; (6, ¢)

! ! ! ! !
foes ~~~~}~Conv¢ntionalﬁ """"" -1

array combining. S o -
An example explains a principle of the undesired radiatioﬁ Configuration 2 (B,) ‘

suppression. Fig. 5 shows the radiation patterns of one antennél40_10 5 0 5 10

with and without the transmission plate.(¢) is the radiation ¢ (deg.)

pattern without the transmission plate apgd¢) is the radi-
ation pattern with the transmission plate. The first sidelol@. 6. Array combining radiation patterns.
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Fig. 8. Ti ission plate. L .
9 ransmission piate print circuit board, and that relative permittivity is 2.6. The

array is fed from the backside of the antenna element. The
[41-[7]. transmission plate and the patch array antenna lie on the
same X-axis. The distance between the transmission plate and

IV. PERFORMANCE EVALUATION the patch array antenna is defined asThe transmission

ate rotates around the Z-axis at the center of the plate as

Simulations were conducted to ve_nfy_ the effectlyeness §Lown in Fig. 7 (b), and changes the radiation pattern in the
the proposal. First, an electromagnetic field analysis was pgr-

. Rrizontal plane. The rotation angle ofth transmission plate
formed to calculate the radiation patterns of one antenna wij : . . .
IS defined asy,,. The rotation control unit is not shown in

the transmission plate. Next, the array combining radlatlci:t} s for simplicity. Details of the transmission plate, which

patterns were simulated using the array response vector_ ofe% the 5 x 5 slots, are shown in Fig. 8. Fig. 9 shows the

ry . . .
step [11]. DAA system employs the patch array antenna 6é\a{iﬁplltude and phase characteristics of the transmission plate

A veraus the incident angle. It can be seen that the insertion
the one antenna because the transmission plate can be pl?ce o . L
0SS through the transmission plate is negligible in the front

near the aperture of the antenna. In this paper, DAA syste . . . .
uses three or four antennas. which are $he 8 patch arra irection. However, the insertion loss increase and the phase
' P y changes as the incident angle is increased.

antennas. Fig. 10 shows the radiation patterns of one antenna with and
] without the transmission plate.was set tol.0\, anda,, was
A. One Antenna Design set t00° and45° when the antenna has the transmission plate.
Fig. 7 shows a8 x 8 patch array antenna with movableEach VSWR is less than 1.5. The peak gain of the radiation
transmission plate. The patch array antenna consist&4of pattern with the transmission plate@t = 0° is equal as that
patches, see Fig. 7 (a) for details.is a wavelength of the of the radiation pattern without the transmission plate. The
resonant frequency. The patch array antenna is made omsertion loss of the transmission plate is negligible because



H. SO et al.: UNDESIRED RADIATION SUPPRESSION TECHNIQUE WITH ADAPTIVE CONTROL 167

of a,, = 0°. The transmission plate at, = 0° changes the circumference with radius of. Each antenna is the same
sidelobe from that of the antenna without the transmissi@s that detailed in the previous section. Seven plate rotation
plate. On the other hand, the peak gain decreases 0.5 alf§jles were examined by changing from —45° to 45° in
when the transmission plate rotated, = 45° because the steps ofl5°. Itis assumed that the mobile station has a receiver
transmission plate has loss for electromagnetic waves by #i@enna withd = 0°. «,, at each antenna is chosen from the
diagonal incidence. all combinations so that the undesired radiation is minimized.
Fig. 11 shows the relationship between the power of eaEbr simplicity, the elevation angle was kept constand‘at
sidelobe andy,. s also was set t@.0\. The horizontal axisis  The suppression valu&j; (6), is defined as the difference
the index of each sidelobe starting from the lobe immediatefjetween the peak gain at = 0° and the value that is
adjacent to the main lobe. The transmission plate changes thaximum except the main lobé(° < |¢| < 180°. Gy (6)
asymmetrical pattern bw,. Fig. 12 plots the power of the is shown below,
first sidelobe as a function of whenq,, is 45°. «,, cannot
be set more thad5° when s is less thanl.0\ because the Gu(0) = G(6,0) - 100< 1§12 1800 G(6, ¢)- ©)
transmission plate touches the antenna element. Therefore, o
values less thai.0), are excluded. The power of the sidelobd he undesired radiation is small so ti@ () is large.
increases as increases because the transmission plate scatters
the electromagnetic waves. In this papelis set to1.0\ so
that the power of the first sidelobe is minimized.
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Fig. 13. Antenna placement.

10 Fig. 14 shows an array combining radiation pattern of three

antennas. For comparison, the performance of the conventional
approach, which has no transmission plate and no adaptive
3 3 3 : control, is shown. The radius of antenna placementjs
65 1 5 3 4 5 assumed to bé&.5)\. 5.5\ is almost the smallest placement
distance because the antenna size is approximai2ly The
mobile station anglef, is set to37° when Gy (0) of the
Fig. 12. First sidelobe level as a function of the distancevhen o, is 45°.  conventional is worst case. The peak gain is decre@sedB
by the adaptive control of the transmission plates. However,
the undesired radiation at = 15° is decrease@d.2 dB. The
B. Suppression Effect of Undesired Radiation at Array Com+  proposal offers an improvement Bf7 dB in consideration of
bining the gain loss.
Fig. 13 shows the antenna placement with three and fourFig. 15 (a) shows7(0) of three antennas as a function
antennas. These antennas are set at equal distances oroftheobile station angle}. G (0) exhibits periodicity because

Sidelobe Level at 1st Sidelobe (dBi)

Distance between Transmission Plate and Antenna, s (/A)
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of the circumferential antenna placement. Fig. 15 (b) shows 20
the characteristics for one perio;ranges from 0 to 60°. Q.
The maximum transmission power is decided by the maX|mugl 19
interference that the transmitter imposes on the other rece|v§r.

Therefore, suppression performance is evaluated from the mﬁﬁ 18
imum Gy () that is the worst case. The proposed technqu@ 17 b
improves the undesired radiation regardlesg§ ahd offers an &
improvement of2.4 dB. The radius of the antenna placemen t‘;:> 16
r, is changed. Fig. 16 showS (¢) with three antennas as ©
a function ofé whenr is 10\. The proposed technique ca

esi

CXe}

15

dlue o

Finally, the impact of the number of antennas was co
firmed. Fig. 17 plots the minimund/y;(¢) for each antenna
number as a function of. The proposed technique of each (b) 0° < 0 < 60°
antenna number suppresses the undesired radiation compgeds. undesired radiation value as a function of mobile station argle,
to the conventional approach for all antenna numbers exanih 3 antennas when is 5.5).
ined. The proposed technique with four antennas offers an
improvement3.6 dB whenr is 10\, and the improvement is S o
bigger than that with three antennas. Each minimim(6) =

. . . . \5 20
of the proposed technique has the same characteristics without
dependence on the number of antennas because the opt@a{9 |
value is chosen imv,, every antenna.

suppress the undesired radiation regardlegs he minimum 2 14 _,N,,,,3,,,,,5,,,,00nvem.ona| ,,,,,,,, S S, _
Gy () of the proposal is improved.9 dB than that of the § r—55k; (no Trar?smlSSlon |P|ate and r|10 Adaptlv? Control)
i o 13
conventional. r§ 0 10 20 30 40 50 60
w

Mobile Station Angle, 6 (deg.)

18

ired Radiati

V. CONCLUSIONS
17

This paper has proposed an undesired radiation suppress{ﬁ)n
technique for DAA systems in mobile environments. Thg 16
proposed technigue sets a movable transmission plate at each
antenna aperture and controls plate angle to suit the mobﬁe 15
stations relative position. DAA system with @x 8 patch > 14 : ‘ ; ‘
array antenna as one antenna was assumed. These anteanas Conventlonal (no Transm|SS|on Plate and no Adaptlve Control
were set at equal distances on the circumference. The propo@ahs ' ' ' ' '
was found to offer more that4 dB greater suppression with ;i 10 20 30 40 50 60
three antennas and more tham dB suppression with four @ Mobile Station Angle, 6 (deg.)
antennas when the radius of the antenna placement as
The proposal had no characteristics change by the numbe(,\,;gri
antennas. The rotary angle design, which does not choose from
all combinations, is the subject for future study.

16. Undesired radiation change as function of mobile staitgle, 0
3 antennas when is 10\.
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