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i nvention rewebeesss a device for position determnation bYCHEERYBP radio
waves, preferably mcrowaves. I'n particular, it relates to successive

posi tion determ nation of vehicles on a roadway. 10 BACKGROUND ART In a

nmet hod for positio r:qrﬁfs glp' Fﬁ.h f ' o-call ed
measuring in, a ra(r}?o s?ﬂgna |l§§§%ﬁ(¥§§?ﬁ§?&%{?§€t}§k¥mﬁ§ﬁfﬂﬁt§he m cr owave

range, where the signal 15 has good directivity and the property of being
reflected fropgrpbiea Fre0p, alternatively, of being reemtted with a device
I ntended therefor. The reflected signal is received with two antennas,

whi ch- are arranged so as to be at a distance fromeach other in a plane
subst anti &l | Fhpeipemntizd delatesr teooa tdrvider Eoripesitdophe object. By the

di stance bet weearhittatdRdheppateans vRVEJiRf Wacked preddrabepj ect will have a
| onger di stance. o #é{"‘ih ﬁé’rt%%:tgir, Fﬂer%'i%%ggaéotihac{]éetsgiwe other. This
'S g STriseto anp

dirfference i ﬁuffl%‘ ance’ covered Qgive ase drfference between
t he recei vedP28isigmAeterminaficRe ofherhd cdert eRehdeadWayef erence angle to
the object inrelation to the antennas nmay be calculated in a plane which

is fornmed bysgekgm 3R¢ object. Such a nethod is described, for exanple,

in SV\BdiSIQI patent appli- cation No. 8403564-1. In this way, each position

of the In a method for position determination by means of radio
waves, so-called measuring in, a radio signal is emitted,
preferably within the microwave range, where the signal

15 has good directivity and the property of being reflected
from objects, or, alternatively, of being reemitted with a
device intended therefor. The reflected signal is received
with two antennas, which are arranged so as to be at a
distance from each other in a plane substantially perpen-

20 dicular to the direction to the object. By the distance
between the antennas, a wave reflected by the object will
have a longer distance of travel to one of the antennas
than to the other. This difference in the distance covered
gives rise to a phase difference between the received

25 signals. From the phase difference, a reference angle to
the object in relation to the antennas may be calculated
in a plane which is formed by antennas and object. Such a
method is described, for example, in Swedish patent appli-
cation No. B403564-1. In this way, each position of the

30 object corresponds to a certain phase difference.

The method is shown geometrically in Figure 1. The
antennas 1 and 2 are placed at a distance d from each
other. The object 3, or usually a so-called transponder on
35 this object, the position of which is to be determined,
reflects the emitted wave in a direction towards the
antennas 1 and 2. Because the antennas are spaced at the
distance d from each other, a difference AL in the .dis-
tance covered arises. The difference AL gives rise to a



30 object corresponds to a certain phase difference. The nmethod is shown
geonetrically in Figure 1. The antennas 1 and 2 are placed at a-distance d
from each other. The object 3, or usually a so-called transepssonosssn 35
this object, "PR¥8WSition of which is to be deternined, reflects the
emtted wave in a direction towards the antennas 1 and 2. Because the
antennas are spaced at the distance dé‘rom each other, a difference [err]
in the.dis- tance caoyered arises. The ‘difference AL iveshri e to a 2
phase diff erBWtSF Fé? FERES 8% orfy ar &t HREPR A 2B gr?o'? & R&2§Fgnal

recei ved at atwlearfoennbg sigaad receisedesti thed yntEnnas thhiagdpRase di fference
[err], the gpespdddivalyarmom ERis [pHmmye bBeffatcndeangd.tidn  [err] 5 The

angl e [ 1] 5, ddusn BT L90ech! day dRPROTEH aun, | D M35 gL gt ence [err],

as is clear fromFigure I S “means re’is an interval outside of
which theSangle [err] is no | onger unambi guous but may correspond to nore
than one 10 Tip®srglend iEhithusnpericallically Megendeyt dapahecphaos t he di st ance

O o T Sl W ssee R e R e (R PO
a |large there is an interval outside of which the angle € is no
longer unambiguous but may correspond to more than one
10 position. This interval is inversely dependent on the
distance d, that is, the interval increases when d
decreases. Thus, from this point of view, it is desired to
have as small a distance d as possible to achieve a large
unambiguous region for the angle 6.
15
To achieve good directivity in an antenna, it is composed
of a plurality of antenna elements to form so-called array
antennas. Such an arrangement, of course, gives the
antennas a certain physical extent and thus limits the
20 distance d downward. The distance d in Figure 1 relates,
for a pair of array antennas, to the distance between the
respective antenna centers.

Hence, the requirement for good directivity conflicts with

25 the requirement for a large unambiguous region. The inven-
tion suggests a device for satisfving the requirement for
good directivity while at the same time maintaining the
requirement for a large unambiguous region.

30 SUMMARY OF THE INVENTION

The invention is directed towards achieving a small
distance between the centers of at least two array
antennas while still allowing a large extent for the

35 respective array antemna in order to permit both good
directivity and a large unambiguous region. This is
achieved according to the aspect of the invention by
interweaving antenna elements of the array antennas with



unanbi guous region for the angle [err]. 15 To achieve good directivity in
an ant enna, -is conposed of a plurality of antenna elenents to form
so-cal l ed ar &f@'ﬁ?ﬁ% L£nnas. Such an arrangenent, of course, ECISEIYI36

antennas a c n-physical extent and thus limts the

20 distance d

downward. The distance d in Figure 1 relates, for a pair of array antennas,

to the distance between the respectivezantenna centers.
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t he aspect of the invention by interweaving antenna el enents of the array

antennas W t Bprrr 3PESCRIPTION OF THE DRAWINGS

10 Figures 1 and 2 relate to the basic principles of the
invention and are described above as prior art, whereas

Figures 3, 4 and 5 relate to one aspect of the inwvention.

Figure 1 is a schematic picture of a principle of measure-

15 ment in which the phase difference between two

signals received in antennas are analyzed for
. position determination of an object by angular
measurement with the antennas placed at a

definite distance from one another,

20 Figure 2 illustrates the geometrical angular deviation for
the object as a function of the phase difference,
Figure 3 shows an antenna arrangement according to the

invention in a frontal wview,

Figure 4 shows an alternative antenna arrangement

25 according to the invention,

Figure 5 shows a block diagram for a device for measuring

in, which utilizes an antenna arrangement

according to the aspect of the invention.

30 DESCRIPTION OF EMBODIMENTS

Figure 5 shows a device for position determination of an

object which travels along a path. The device comprises an
amplification and signal-processing unit 17 connected to a

35 signal processor 18 and an antenna arrangement 4 with two

array antennas 1 and 2, the array antennas being arranged
along a first axis perpendicular to the direction of

travel of the object. The antenna arrangement compricses

two arrays of conducting surfaces, antenna elements,



one another in such a way that the antenna centers for the array antennas
are at a small nutual distance. This is achieved according to the invention
by connecti ngvég?ﬂ&gri ous antenna el enents in the array antramsEsy®sh t hat
5 the central antenna el enents in the respective array antenna are arranged
cl ose to one another. BRI EF DESCRI PTION OF THE DRAWNGS 10 Figures 1 and 2
relate to the basic principles of the ijnvention and are described above as
prior art, Whel&aaihbgus @Sigdreds AntheSarfhRlahtednang A5 RReheqf of Ne
invention. Figure.l I's a schemplic npiciure of @ principle of nmeasure- 15
ment in whi chthd PRa8E fiTTer ehce et ween tifo 5| gnal’s” Tecel Ved in antennas
are anal yzed fhxt 568i enespfeLAPReHA fof dFe alassfereriphezadlyar neasur enent
with the ant efwmmdpkReeceritirad defdrnal elenerdtarse Thr ehe umeanayher, 20

Figure 21 'L%Ha%t %ﬁtL.}}}& %Q@Eéhﬁé@ o2Nge Y xﬁ%hagheé}trfa%lm&@bl ect as a
function of the phase m?f.erence, | gure Showe an- ant enna arr angement
accor di ng to thenchGBRt PHLENSTal faePaR Slepnys dirbd 4 REeuEh sl t er nati ve
ant enna arr angeipeitt cahductors 15 anddéor thheardtenhheel emeaitisi @bthin gure 5
shows a bl ock. i 3QLamt e 2:48Y1 SR 505n0EANYdRSr! Bo #hinf RnUt tdééo zes an

ant enna arrangement ~accor di ng o.thé aspect g)f the 1 nventi on.
DESCRI PTI ON VR EPF RBRAS 1 and 2. By means of the arrangement

10 described, symmetrically arranged around the central
antenna elements 5 and 10, respectively, these central

surfaces, in the form of antenna elements, form the phase
center of the respective array antenna. The distance
between these two phase centers thus constitutes the

15 distance d in Figure 1.

The width of the antenna 1 extends from the lefthand edge
of the antenna elements 6 and 8 to the righthand edge of
the antenna elements 7 and 9. The width of the antenna 2

20 extends from the lefthand edge of the antenna elements 11
and 13 to the righthand edge of the antenna elements 12
and 14. If the antennas were placed side by side, this
would mean that the distance d between the respective
phase centers 5 and 10 would become at least as large as

25 the total width of an array antenna, and in practice more
since there has to be a certain distance between the
outermost antenna elements in the respective array antenna
1, 2. As is clear from Figure 3, however, the distance
between the phase centers is considerably smaller, which

30 thus is achieved by interconnecting the various antenna
elements, in this embodiment by allowing the array
antennas to be interwoven with one another.

The principle described may be utilized also in more

35 complicated antenna arrangements. Thus, angle measurement
may be refined by placing more than two antennas in such
an arrangement, that is, with the antennas arranged along
the first axis. The accuracy of measurement is, of -course,



Figure 5 shows a device for position determ nation of an object which
travel s along a, path. The device conprises an anplification and

si gnal - processin Qgt 17 connected to a 35 signal processopciiSes®nob3an
antenna arran Qr?gf# 4 with two array antennas 1 and 2, the array antennas
bei ng arranged along a first axis perpendicular to the direction of travel
of the object. The antenna arrangenent gonprises two arrays of conducting

surfaces, ante FELMBNES is pofsHOED T BOrm! thd in@dhCvalud R, KaY antenna
1 is formed of the fiye surfaces, antenna g{;emsnts, 5-9 in such a way. that

the antenna elBRERIYIESE of SFFREFFYFCEHEFRI Iy around the central antenna

element 5. In the sane way, 5 array antenna 2 is forned of the central

antenna el e%ﬂhoa&lﬁ&@vhhe%@roﬁphﬁ@ mdieeBRdn edm&&syuuth%naEhrough the
out-put  conduct or s n t nt.en nent.s i n, the ective
array are ngoi ﬁgﬁg?%dgé’?hglri%t%u\‘eorgﬁ% HE ?\?kb’gére]?%y@haen\tyé’?ig%‘%l?’aﬁrf %.ReBy means
of the arrang@igfance d Bekeeshéle <SAReEer PEatVy arFeyngetemasund the central
ant.enna el enenheréasasd tBisrieppdesitiadty thehdtetar® Adl iscrdz=awas forn t he

form of antengacﬁlﬁfaa.@t&. IOt A dbracateld eindlatbs, rEaReakbY 4 T ay
ant enna. The di st ance bgtvxgen thgie t wo Rhaie centers thus constitutes the
an i1ncreased phase difference AP for each change of angle,

10 that is, the resolution is improved. Again, this comes
into conflict with the requirement for unambiguity. By
arranging a plurality of array antennas in a row on the
same axis, for example, three antennas designated A, B and
C in the mentioned order, the described conflict may be

15 solved. By using the measured phase difference from data
obtained from antennas A and B for the unambiquity and the

. measured phase difference between antennas A and C for
obtaining an improved resolution, both requirements may be
satisfied.

20
It is also possible to arrange antennas along several axes
and hence permit measuring in at several planes. By
placing at least one additional pair of array antennas
along an axis substantially perpendicular to thke first

25 axis and substantially perpendicular to the direction of
travel of the object, a reference angle to the object in
relation to the antennas may thus be determined in each of
the two planes, substantially perpendicular to each other,
which are formed by the object and the respective axis on

30 which pairs of antennas are arranged. If, as an example,
the object consists of a vehicle travelling on a roadway,
where array antepnas are arranged along a horizontal first
axis at such a height above the roadway that vehicles may
pass under the antennas, a substantially horizontal first

35 plahe is defined by the antennas 1, 2 and the vehicle 3.
In this horizontal plane, an azimuth angle 6 to the wvehicle
may be determined, as described, by determining the phase
angle ¢. By arranging array antennas along a second axis,
which is perpendicular to the first axis and substantially



15 distance d in Figure 1. The width of the antenna 1 extends fromthe
| eft hand edge of the antenna elenents 6 and 8 to the righthand edge of the
antenna elenments 7 and 9. The width of the antenna 2 20 exj&iSobdosym t he
| ef t hand edgeV@P¥§’fi¥ ant enna el enents 11 and 13 to the ri ght hand edge of
the antenna elenents 12 and 14. If the antennas were placed side by side,
this would nean that the distance d betvveen the respective phase centers 5

and 10 woul ¢ GeaNR; Al :°28! RS Joaardg,axasleis el ea@ieggo%mng{ an array

antenna, and practirce nore,since t ere has taln St ance

bet ween t he élﬁséih%%tt%ﬁﬁéﬁﬁ‘al’é? AfeRrgle Pt H"‘e’ﬁ”é&tb%tﬁ"‘?/é:h&rray antenna 1,
2. As is cl earehficde) Rilgaree tBe sarmiey of, elérentdist aeferbetovede t he phase

centers is C%t@@éﬂ@é(:o%ﬁ%&?é; Wi‘lhcﬁln%leéﬁw%f' Boé‘ﬁhﬁ?‘é’%‘ilm'ch
i nterconnecti ng._.the yari ous el epents, in | nent by
g et G P R R P A

principle demawedofrea,nmnas» | $hee gpoghisbon rofinithe 88hickadini cat ed ant enna

arrangenent s.reliRd$on Y theNBASREIE s HBYehRidSS ifRefl Ehedd AagyNgs More than
two antennas in such an arrangenent, that is, with the antennas arranged

along the first axis. The accuracy of.neasurenment is, of-course, 5
An alternative embodiment with connection, accordlng to

10 the invention, between the different part surfaces arises
by arranging certain antenna elements so as to be included
in two or more array antennas. The embodiment is described
schematically in Figure 4 for the case of measuring in in
two dimensions. In this case, the antenna 20 comprises at

15 least three array antennas. The array antenna 21 consists
of the antenna elements 24-26, 28-30 and 32-34, where 29
constitutes the phase center. The array antenna 22
consists of the antenna elements 25-27, 29-31, and 33-35,
with 30 being the phase center. The array antenna 23

20 consists of the antenna elements 28-30, 32-34 and 36-38,
with 33 being the phase center. Thus, several antenna
elements are used by more than one array antenna. This is
made possible by power amplification of the signals
received from at least thesé antenna elements and

25 thereafter by applying power division to the amplified
signal. In this embodiment, the same short distance d is
obtained as in the previous embodiment.

30

35



inmproved if it is possible to formthe nean val ue over a |arge nunber of
nmeasurenment results. Anot her advantage of using nore than two array
antennas 5 aligned on the sane axis is given by the following. If the

di stance d betwomemréshie centers of two array antennas i ncr eaPEI/SEFH0L6
implies that the distance AL increases for each angle [err]. If the

di stance AL is increased, this inplies an increas Y=Y e [err]
for each change of angle, 10 that is, tlre resol ut iﬁlﬂiﬂﬁﬂﬂ@“ﬁ“ﬁgal n,
this cones i nt@@Ag¥aflict wth the requirement for . s By arrangi ng
a plurality of array antennas in a row on the sane axis, for exanple, three

ant ennas desi gnat,e d L0 .t he ntioned.order, the.described
conflict may gle’ %sggé‘f/%ﬁ QBg%és]_{?nnléuP ﬂreTgh e solft"g&%h?ﬂéea Effafg’f'ﬁf%n%tb % rom dat a
obt.ai ned from*@#CEAYRY ASIRE PRI WaMes urakal gariet gmbkked foometlsair ed phase
di f f er ence shetasareami® i edted byCeher velidlieNaf@ 2&cdieaoypdat esol ution,
both requiremgnLs "y, b&ﬁ@t 'aﬁtt.érﬁ%s %Q Ié) ! srr%ggdpé)csrsdsgl e,L0 arrange
ant ennas al ong Several axes and hence g;rmat neasuring I n at several
pl anes. By pl &PPAYa¥r FRAFCtEFE=etidPt FBARI thmisrray artanpagnitnm¥s al ong an
axi s subst ant ickrpyiperpentgibeul af antehhe élersinta5 (5xis) amdesobstwntially
per pendi cul ar detehg & &ifdieOtn Ofnel iYBLe Ofvd 180Y) Senrd LELeT ence ang| e
to the Obj%Ct 1N rgl.atl ntgthe antenngs ytﬁu eé’gtermned i n each of
1 stituting the phase center (5, {H% of the array antennas,

and wherein the antenna elements (5-14) of the array

antennas are connected to one another such that the

distance (d) between the phase centers (5, 10) of the

array antennas (1, 2) included is smaller than half the

15 width of an individual array antenna (1, 2).

2. A device according to claim 1, characterized in that
the connection comprises interweaving the array antennas
(1, 2) with each other in that the phase center (5, 10) of

20 one array antenna is arranged among the antenna elements
(11-14, 6-9) of another array antenmna (1, 2).

3. A device according to c¢laim 2, characterized in that
the phase centers (5, 10) of the respective array antennas
25 (1, 2) are placed close to each other.

4. A device according to claim 2, characterized in that
some of the antenna elements (24-38) are at the same time
connected to more than one array antenna (21, 22, 23).
30
5. A device according to claim 4, characterized in that
signals obtained from antenna elements (24-38) which are
utilized by more than one array antenna (21, 22, 23)
undexgo power amplification, followed by power division of
35 the amplified signal on the respective array antenna (21,
22, 23).

6. A device according to any of the preceding claims,
characterized in that an azimuth angle @ to the vehicle (3)



the two planes, substantially._perpendicular to each other, which are forned

by the object and the respective i L&h pairs of antennas are
arranged. If, as an exanple, th mﬁﬂm !ﬁ of a vehic @kd 1 Ng on
a roadway, wQ ¥/6165ay antennasH PR ng a hori zo#n‘?reﬁﬂg?"yr st axis

at such a hei ght above the roadway that vehicles nmay pass under the
antennas, a substantially horizontal first 35 plane is defined by the
antennas 1, 2 and the vehicle 3. In this hori.zontal gl ane, an azimuth angle
[err] to theWeAREPErings SEOHATLARABES RSHSSE FBRES ¥y 1888ErM%i ng t he
phase angl e [pedir]of Byubstrahiahly dorigonrakhnarrahged arrsecentemnds, which

i s perpendicyharafoid hehhgsd. axis and substantially 6 perpendicular to
the roadway, it is nade correspondi ngly possible to determ ne an angl e of
el evation to the vehicle, where the angle of elevation refers to the
vertical SecdndAagesicaNpcHorAtd d@gelaimpbit rharactierized iB ghat eamand t he
a][\gl ﬁ of ﬁ! e;&&b!l@nof asieviagwel € aibet ehide aryays eépaﬂiielréaasroﬂr\] he posi Iti on
of the vehic atiqn t nten e I these angl es.
An alternati vag éﬁ%%ﬁangﬁ%l\‘f}?% Vb(}l%rf%e%tgi Q%S%C%E%r é?%g] ?%%f%sggﬁe i nvention,
bet ween t he FiPLLY SYRTSAL1E A¥LAWEdRTERY FRFBPRENYF RFFEEELE n ant enna

el ements so as to be included

10 8. A device according to claim 7, characterized in that
the position of the vehicle in relation to the antennas is
determined by means of knowledge of the azimuth angle 6 and

the angle of elevation.

15

20



intw or nore array antennas. The enbodi nment is described schematically in
Figure 4 for the case of nmeasuring in in tw dinensions. In this case, the
antenna 20 COﬁEg sat 15 least three array antennas. The DOTHEIUMW¥nna 21
consi sts of t antenna el ements 24-26, 28-30 and 32-34, where 29
constitutes the phase center. The array antenna 22 consists of the antenna
el ements 25-27, 29-31, and 33-35, with 30 being the phase center. The array
antenna 23 20 consists of the antenna;gtznents 28-30, 32-34 and 36- 38,

wi th 33 being the phase center. Thus, ral antenna el enents are used by
nore than one array antenna. This is made possible by power anplification
of the signals received fromat |east these antenna el enénts and 25
thereafter by applying power division to the a gnal. In this
enbodi ment, the same short di stance he previ ous

enbodi nent. 30 35 osition of a vehicle
on a roadway by using d fromthe 5 device and
refd ected by the ve iS\ I$ rray antennas (1, 2)
arranged across the r In tha lgﬁgaarray antennas (1,
2)

A

Fig. 2
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conprise a nunber of antenna el enents (5-14), one of the antenna el enents
in the respeqidsmresr ay antenna con- 10 stituting the phas®CESEI¥N9I65 10)
of the array antennas, and wherein the antenna el enents (5-14) of the array
antennas are connected to one another such that the distance (d) between

t he phase centers (5, 10) of the array antennas (1, 2) included is snaller
than half the 15 w dth of an individuiyr rray antenna (1, 2). 2. A device
according to claim1, characterized in EZt t he connection conpri ses

i nterweaving the array antennas (1, 2) with each other in that the phase
center (5, 10) of 20 one array antenna is arranged anong the antenna

el ements (11-14, 6-9) of another array antenna (1, 2). 3. A device
according to claim?2, characterized in that the phase centers (5, 10) of
the respective array antennas 25 (1, 2) are placed close &$ each other. 4.
A device according tgjiclaim2, characterized in that sonme 4&f1g. ant enna

el ements (24-38) are at {the sane tine connected to nore than one array

antenna (21, 22, 23). 30 5 "A-devi-ce-accordrngqto--ehaim.4, characterized in
t hat signal s obtai fed : el e (24- )ich are utilized by
nore than one arrayl aptgnna : , 23; gdpr go |poyen anplification,

fol  owed by power division he a I f}ed s{gnalf an the respective

array antenna (21,|2%L.2_ o R T
L :

Fig. 5
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6. A device according to any of the preceding clains, characterized in that
an azimuth angle [err] to the vehicle (3) 8 is determ ned ﬂ,_: an
ant'enna position where at |east one pair of substantially ‘4,;1'{!7;@;‘; ally
arranged array nas (1, wRhud SreftebrRRORdrery ohoanafly i ce acOgMidhg t o
claim6, charac ﬂged I n that an anig#tmwetomd Buguevati on to the velilcle (3) is

det er m nefyTERNATRONAV UIPLIGATION PUBLISHED @NDER ITHEFATEND MOOPBRATION EREATYSRET)

tially
accord
rel ati
angl e

e Pl Bl 87 Y O

GO1S M2, 0 nas

2l

on

_en
|
s determ Hég

tho . ~nal o [a)

(i prereitgnal RoRiepton Rumbge: 1o
) IMBALRBnaDRubiciONDAE O €29 DcerhbbrQ 998 720 ML)

7~ d

W STess

af IWP-¥ SN
Ul CT TVvVauTt Ull.

PCT/SE99/00936

ATy LAY MIIHI

(21) International Application Number:

< LI 4

(22) International Filing Date: 31 May 1999 (31.05.99)
(30) Priority Data:
9802234-6 24 June 1998 (24.06.98) SE

(71) Applicant (for all-designated States except US): COMBITECH
TRAFFIC SYSTEMS AB [SE/SE]; P.O. Box 1063, S-551
10 Jonkoping (SE).

(72) Inventor; and
(75) Inventor/Applicant (for US only): LOVSEN, Hékan [SE/SE];
Ektunavigen 89, S-589 33 Linkdping (SE).

(74) Agent: LUNDMARK, Jan-Erik; Saab AB, Patent Dept,, S-581
B8 Linkdping (SE).

D

(81) Designated States: AU, BR, CN, KR, NO, SG, US, European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
" amendments.
In English translation (filed in Swedish).

(54) Title: DEVICE FOR POSITION DETERMINATION BY MEANS OF RADIO WAVES

15

(57) Abstract

A device for determining the position of a vehicle on a roadway by using radio waves which are emitted from the device and reflected
by the vehicle and received by at least two array antennas (1, 2) arranged across the roadway, wherein the array antennas (1, 2) comprise
a number of antenna elements (5—14), one of the antenna elements in the respective array antenna constituting the phase center (5, 10) of
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between the phase centers (5, 10) of the aray antennas (1, 2) included is smaller than half the width of an individual array antenna (1, 2).




