
WO 99/67655                                         PCT/SE99/00936 DEVICE
FOR POSITION DETERMINATION BY MEANS OF RADIO WAVES TECHNICAL FIELD 5 The
invention relates to a device for position determination by means of radio
waves, preferably microwaves. In particular, it relates to successive
position determination of vehicles on a roadway. 10 BACKGROUND ART 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. 8403564-1. 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 [err]
in the.dis- tance covered arises. The difference AL gives rise to a    2
phase difference [err] where [err]are the phase angle for the signal
received at the antennas 1 and 2, respectively. From this phase difference
[err], the geometrical angle [err] may be calculated, sin   [err] 5 The
angle [err] is thus periodically dependent on the phase difference [err],
as is clear from Figure 2. This means that there is an interval outside of
which the angle [err] 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 [err]. 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 satisfying
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 antenna 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    3 



one another in such a way that the antenna centers for the array antennas
are at a small mutual distance. This is achieved according to the invention
by connecting the various antenna elements in the array antennas such that
5 the central antenna elements in the respective array antenna are arranged
close to one another. BRIEF DESCRIPTION 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
invention. 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 view, 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 comprises two arrays of conducting
surfaces, antenna elements.    4 according. to Figure 3. The array antenna
1 is formed of the five surfaces, antenna elements, 5-9 in such a way. that
the antenna elements 6-9 are placed peripherally around the central antenna
element 5. In the same way, 5 array antenna 2 is formed of the central
antenna element 10 and the peripheral antenna elements 11-14. Through the
output conductors 15 and 16, the antenna elements within the respective
array are joined together to form the two array antennas 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,    5 



improved if it is possible to form the mean value over a large number of
measurement results. Another advantage of using more than two array
antennas 5 aligned on the same axis is given by the following. If the
distance d between the centers of two array antennas increases, this
implies that the distance AL increases for each angle [err]. If the
distance AL is increased, this implies an increased phase difference [err]
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 unambiguity 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 the 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 antennas 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 plane is defined by the
antennas 1, 2 and the vehicle 3. In this horizontal plane, an azimuth angle
[err] to the vehicle may be determined, as described, by determining the
phase angle [err]. By arranging array antennas along a second axis, which
is perpendicular to the first axis and substantially    6 perpendicular to
the roadway, it is made correspondingly possible to determine an angle of
elevation to the vehicle, where the angle of elevation refers to the
vertical second axis. With knowledge of both the azimuth 5 angle and the
angle of elevation, as viewed from the two arrays of antennas, the position
of the vehicle in relation to the antennas is determined from these angles.
An alternative embodiment with connection, according 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 these 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    1. A device for determining the position of a vehicle
on a roadway by using radio waves which are emitted from the 5 device and
reflected by the vehicle and received by at least two array antennas (1, 2)
arranged across the roadway, characterized in that the array antennas (1,
2) 



comprise a number of antenna elements (5-14), one of the antenna elements
in the respective array antenna con- 10  stituting the phase center (5, 10)
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 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 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) undergo 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 [err] to the vehicle (3)    8 is determined from an
antenna position where at least one pair of substantially horizontally
arranged array antennas (1, 2) is arranged. 5 7. A device according to
claim 6, characterized in that an angle'of elevation to the vehicle (3) is
determined from an antenna position where at least one pair of substan-
tially vertically arranged array antennas is arranged. 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 0 and the angle of elevation. 15 20    


