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ted from a transmitting antenna (1), by means of at least two
at least essentially identical receiving antennas (3, 4), whose
sensitivity curve has a maximum (M) with falling flanks as
well as sidelobes (SL) adjacent to it with sensitivity increased
again at a reception angle symmetrically with respect to a
basic alignment, with angle determination for an object which
reflects the transmitted signal being carried out by the two
receiving antennas (3, 4) by phase determination in an unam-
biguous interval (0,) whose boundaries (L) are predeter-
mined by the distance (d) between the receiving antennas (3,
4), the distance (d) is chosen such that the boundaries (L) of
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METHOD AND APPARATUS FOR
DETECTION OF AN ELECTROMAGNETIC
SIGNAL REFLECTED FROM AND OBJECT

BACKGROUND OF THE INVENTION

1. Field of the [nvention

The invention relates to a method for detection of an elec-
tromagnetic signal, which is transmitted from a transmitting
antenna, by means of at least two at least essentially identical
receiving antennas whose sensitivity curve has a maximum
with falling flanks as well as sidelobes adjacent to it with
sensitivity increased again at a reception angle symmetrically
with respect to a basic alignment, with angle determination
for an object which reflects the transmitted signal being car-
ried out by the two receiving antennas by phase determination
in an unambiguity area whose boundaries are predetermined
by the distance between the receiving antennas.

The invention also relates to an apparatus having a trans-
mitting antenna for transmission of an electromagnetic sig-
nal, and at least two essentially identical receiving antennas,
whose sensitivity curve has a maximum with falling flanks as
well as sidelobes adjacent to it with sensitivity increased
again at a reception angle symmetrically with respect to a
basic alighment, and having an evaluation device for deter-
mination of the phase differences of the signal which is
received by the two receiving antennas and has been reflected
by an object, in an unambiguity area which is predetermined
by the distance between the receiving antennas.

2. Background Description

It is known for the angle of an object which reflects the
transmission signal to be determined by determination of the
phase offset between two received signals received by receiv-
ing antennas. The so-called phase monopulse method (Mer-
rill 1. Skoinik, Radar Handbook, Second Edition, McGraw
Hill 1990, pages 18-9 et seqq. and 18-17 et seqq.) is illustrated
in FIG. 1. The phase difference A¢ corresponds to a path
length A/27-A¢. When the two receiving antennas are aligned
in the same way, the relationship is sin 0=A/27Ad/d.

The angle 0 is thus given by:

(AAD)
2nd

6§ = arcsin

The angle measurement is ambiguous when the phase dif-
ference is A¢g=m or Ap=-m. The area in which there is no
ambiguity is the unambiguity area (Huder “Einfithrung in die
Radartechnik™ [Introduction to radar engineering] 1999,
pages 146 to 148). Systems such as these are normally oper-
ated at radar wavelengths. A wavelength of A=12.43 mm and
a distance d=14.55 mm between the receiving antennas
results in an unambiguity area of 8,=+25.39°.

For an unambiguity area which is as large as possible, the
distance d would have to be as small as possible. However,
this would also result in very small receiving antennas which
would not allow adequate beam formation of the received
signals. For beam formation that is as good as possible, the
receiving area of the receiving antennas must be chosen to be
as large as possible. However, this would result in an unusably
small unambiguity area. The sidelobes of the receiving anten-
nae, in which the receiving antennas once again have
increased sensitivity and thus produce strong signals from
objects at the side which can interfere with the detection of
useful signals within a relatively narrow angular range around
the basic alignment of the receiving antennas, have a particu-
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2

larly disturbing effect on the evaluation of the received sig-
nals, that is to say in particular on the determination of the
location and/or the speed of the object. This applies in par-
ticular to radar systems on motor vehicles which, for
example, are operated at 24 GHz and are used, for example, as
automatic proximity sensors for vehicles traveling in front,
generally in the same lane.

SUMMARY OF THE INVENTION

The present invention is thus based on the object of improv-
ing the detection by means of the receiving antennas in terms
of unambiguity and signal beam formation.

In order to achieve this object, a method of the type men-
tioned initially is distinguished according to the invention in
that the distance is chosen such that the boundaries of the
unambiguity area intersect the sidelobes, and in that the
reflective object is detected by means of vectorial addition of
the signals from the receiving antennas.

In order to achieve the object, an apparatus of the type
mentioned initially is also distinguished by a distance
between the receiving antennas by which the boundaries of
the unambiguity area intersect the sidelobes and by a stage for
vectorial addition of the signals received by the receiving
antennas.

The present inventionis based on a new criterion for adjust-
ment of the distance between the receiving antennas for angle
measurement. The distance is set such that the boundaries of
the unambiguity area pass through the (first, which cause
disturbance in their own right) sidelobes of the sensitivity
curve of the receiving antennas. In consequence, a relatively
large unambiguity area is generated. As a result of the vecto-
rial addition of two received signals, those signal components
which originate from objects in the basic alignment or in a
narrow angle around the basic alignment and thus do not lead
to any significant phase shift have their amplitudes added
completely. In contrast, the signal components from objects
which are located at the boundaries of the unambiguity area
lead to a phase shift of & (180°), so that the signal components
of the boundaries of the unambiguity area, that is to say the
signal components from the sidelobes, are subtracted from
one another so that—assuming that the receiving antennas are
essentially identical—they cancel one another out or at least
attenuate one another to such a considerable extent that these
signal components no longer play a significant role. The
vectorial sum of the received signals is accordingly used for
evaluation of the position and/or the speed of the object on
which the signals are reflected, thus resulting in a received
signal which corresponds to considerably improved beam
forming in the basic alignment, and in which case signal
components which would otherwise have a disturbing effect
as a result of their increased sensitivity are eliminated from
the sidelobes.

The choice according to the invention of the distance
between the receiving antennas on the one hand and the
evaluation of the vectorial sum of the received signals on the
other hand results in an improved signal being available for
evaluation, no longer having the disturbing components of the
sidelobes.

The basic alignments of the receiving antennas are expe-
diently parallel to one another.

For the method according to the invention and for operation
of the apparatus according to the invention, it is expedient for
a transmission signal if the transmitting antenna is used to
form a transmission signal composed of at least two signal
elements, which are formed from numerous signal sections at
a frequency which is shifted through in each case one fre-



US 7,548,186 B2

3

quency step with respect to the previous signal section, the
signal sections of which signal elements are transmitted alter-
nately and extend over a predetermined modulation range.
The use of a transmission signal such as this and its suitability
for determination of the location and the speed of the reflec-
tive object are described in DE 100 50 278 A1, whose disclo-
sure 1s referred to here. The transmission signal is preferably
formed from three signal elements.

For the physical design of the apparatus according to the
invention, it is advantageous for the antennas to be planar
antennas, which are preferably formed from antenna patches
arranged in at least one row, with two parallel rows of antenna
patches arranged alongside one another having been proven
in practice. The basic alignment of the receiving antennas is at
right angles to the plane of the antenna patches.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be explained in more detail in the fol-
lowing text with reference to the attached drawings, in which:

FIG. 1 shows a schematic illustration of angle determina-
tion from a measured phase difference between the received
signals from two receiving antennas,

FIG. 2 shows a schematic plan view of one embodiment of
an antenna arrangement of an apparatus according to the
invention having one transmitting antenna and two receiving
antennas,

FIG. 3 shows a schematic illustration of a transmission
signal that is used,

FIG. 4 shows a schematic illustration of the processing of
the received signals from the two receiving antennas, and

FIG. 5 shows an illustration of the boundaries, located
according to the invention, of the unambiguity area for angle
measurement.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

FIG. 2 shows a front view of an antenna arrangement on a
mounting plate 2. A transmitting antenna 1 (TX), which occu-
pies a large area, is located on this, as well as two receiving
antennas 3, 4, which are in the form of strips, are aligned
parallel to one another and whose centers are separated by a
distance d in the longitudinal direction.

Both the transmitting antenna 1 and the receiving antennas
3 and 4 are composed of a large number of regularly arranged
small square antenna patches 5, which are connected to one
another within the respective antenna 1, 3, 4. The technology
of these antennas 1, 3, 4, which are formed from antenna
patches 5, is known in the form of planar antennas. The plane
of the planar antennas defines an azimuth angle and an eleva-
tion angle. The angle measurement for the azimuth angle is
carried out about a reference line which runs parallel to the
rows of antenna patches 5.

FIG. 3 illustrates the signal waveform of a transmission
signal which is transmitted over a transmission timet,,;,,, and
is composed of three signal elements A, B, C. The signal
elements are each composed of signal sections, which are
each at a constant frequency I, f; 5. {7 for a short time.
The signal sections which are associated witha signal A, B, C
are in a frequency interval
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4

The successively transmitted signal sections of the various
signals A, B, C are respectively shifted through a frequency
45 OF Tspppe The modulation range f,,,., is passed
through in N steps by each signal A, B, C during the trans-
mission time t,,, for the transmission signal. The use of a
plurality of receiving antennas results in a corresponding
number of received signals being obtained. The following
textis based on the assumption of two receiving antennas, and
the signals received there are:

Antenna [:

Mag(p); mpmmey(n); =0 .. N-1,

Antenna [I;
Map); Mppm ) =0 .. N-1.

As is known in the case of a monopulse receiver, the angle
with respect to one or more objects can be determined by
evaluation of the simultaneously sampled signals m ,, (n) and
m,,, (n) from the two receivers with respect to the relative
phase angle. This is generally carried out after transformation
of the signals to the frequency domain.

Antenna I:

m () g M, (K)

Mgy (1) - Mg, (K)

mey () - M (K)

Antenna II:

my(n) - M,y (K)
mpyy (1) - Mg (K)
My (n) - My (K)

n=0...N-1, number of the sample value in the time domain;
k=0 ... K-1, number of the spectral line in the frequency

domain, where in general, K-N.

A plurality of objects (total number 0) 0=0. .. O-1 can be
detected from at least one spectrum.

As has been described in more detail in DE 100 50 2784,
the range R and the relative speed v of the object o (corre-
sponding to the spectral line K, z5) can be determined for
the spectral line K, »,- when at least M ; (K, ») and
Mz, (K, carz ) are used for calculation. The evaluation of the

D
further signals

MCI (erak,R V)

MAII (erak,R V)
MBII (K

peak,R V)

Men (erak,R v)

is likewise possible for determination of R and v. This evalu-
ation can improve the result, but is not absolutely essential.

The angle of the basic alignment of the antenna arrange-
ment with respect to an object can be calculated, as is normal
in the case of a monopulse receiver, by means of a phase
difference measurement, for example from the spectra Al and
AIl but likewise at the position K,z zp:

My (erak,R =My (erak,R ¥ g VAl peak-RY)

(complex value from the spectrum Al),

My (erak,R =My (era,ue e 4Ll (kpeakRT)

(complex value from the spectrum AlI),

A4 Koo e) Pt Kpoare rv) =411 Koo )

phase difference from the spectra Al and AL
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The angle position of the object is given by:

Aga(K A
O K pectcv) = arcsiﬂ(%]

In this case, A is the wavelength and d is the distance
between two receiving antennas used for measurement.

This determination process can be carried out for each
object 0=0 . . . O-1, to be precise at the spectral position
(K, ez 7 cotresponding to the object. The procedure for the
evaluation process is illustrated, once again in the form of a
graph, in FIG. 4 with the steps described above.

As has been explained above, the angle can be determined
uniquely only in an unambiguity area 0, using the phase
monopulse method. Outside this interval, a value of 27t must
be added or subtracted to or from the measured phase differ-
ence A¢ in order to determine the angle 6.

FIG. 5 shows a sensitivity curve for one receiving antenna,
which has a central maximum M in the basic alignment (0°)
of the receiving antenna. Flanks fall approximately sym-
metrically from the maximum to a minimum, which occurs at
an azimuth angle of around 30°. This is in each case followed
by asidelobe SL, which is at an azimuth angle between 35 and
40°. As described above, the unambiguity area 8,, is obtained
from the distance d between the receiving antennas (FIGS. 1,
2). According to the invention, the distance d is chosen such
that the boundaries L of the unambiguity area coincide with
the sidelobes SL, preferably with the maxima of the side-
lobes.

However, this means that the receiving antennas cannot be
physically very large, that is to say they do not produce
narrow beams. The receiving antennas thus have a broader
characteristic than is actually desirable.

According to the invention, a vectorial addition of the
complex received signals from the receiving antennas 3, 4 is
carried out. The vectorial addition can be carried out both in
the time domain and in the frequency domain. The addition
process in the frequency domain is as follows (VS=vector
sum)

Mys Kpearxr=Mar Kpear )Mz Koo rr)-

The vectorial addition causes a maximum sensitivity of the
antenna system resulting from constructive superimposition
at the point at which the phase difference is zero, that is to say
at the angle zero with respect to the basic alignment of the
receiving antennas 3, 4.

Destructive superimposition results in the minimum sen-
sitivity at the point at which the phase difference is 7. Accord-
ing to the invention, this is the situation at the boundaries L of
the phase-difference or angle interval. Since the boundaries L
are located in the area of the sidelobes SL, the sidelobes SL
are thus at least largely canceled out, thus suppressing unde-
sirable reflections from the sidelobes. The determination of
the location R and speed v at the point K, »,as explained
in FIG. 4 can thus be carried out after the vectorial addition of
the signals from the antennas I and II has been carried out,
with improved beam forming.

The method according to the invention also allows the
reception to be maximized in a direction other than the angle
zero, of course, by applying a phase offset to at least one
summand in the formation of the vector sum.

Sampling can be carried out in both real and complex form.
The vector sum can be carried out in the time domain or
frequency domain in the case of complex sampling, but only
in the frequency domain for real sampling.
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The method according to the invention is expediently car-
ried out by arranging the transmitting antenna 1 and one of the
receiving antennas 3, 4 on a board 2. The sensitivity curve for
the receiving antenna (for example 4) which has already been
produced is then measured. The distance d is then determined,
which is required in order to make the boundaries L of the
unambiguous interval 0, coincide with the measured side-
lobes SL, preferably positioning it at the maximum of the
sidelobes SL. Once the distance d has been determined, the
second receiving antenna 3 is fitted to the board, so that this
then results in an antenna system according to the invention.
In order to carry out the invention, the detection of objects is
determined with the vectorial sum that has been formed of the
mutually corresponding received signals from the antennas 3,
4, followed by determination of the parameters R, v.

The invention claimed is:

1. A method comprising the steps of:

transmitting electromagnetic signals by a transmitting

antenna,

receiving the transmitted electromagnetic signals reflected

by an object by means of at least two essentially identical
receiving antennas,

arranging said receiving antennas in a basic alignment and

with a distance (d) from each other,

using receiving antennas which each have a sensitivity

characteristic over reception angles showing a maxi-
mum for a reception angle coinciding with the basic
alignment, flanks initially falling with increasing recep-
tion angle from the basic alignment from said maximum
to a minimum each, then with still increasing reception
angle from the basic alignment forming first sidelobes
having increasing sensitivities, said sidelobes being
arranged symmetrically to said basic alignment,

for measurement purposes, determining phase differences

of the signals being reflected by an object and received
by said at least two receiving antennas, said phase dif-
ference being unambiguous within a certain angle inter-
val, said angle interval depending upon the distance (d)
between the receiving antennas,

wherein said distance (d) is chosen so that limits of the

unambiguous angle interval intersect the first sidelobes,
and wherein the signals received by the receiving anten-
nas are vectorially added before the phase differences
are determined.

2. The method as claimed in claim 1, wherein the basic
alignments of the receiving antennas are parallel to one
another.

3. The method as claimed in claim 1, wherein the transmit-
ting antenna forms a transmission signal from at least two
signal elements,

the signal elements being formed from numerous signal

sections, said signal sections having a frequency which
is in each case shifted by one frequency step with respect
to the previous signal section,

the signal sections of said two signal elements are trans-

mitted alternately and extend over a predetermined fre-
quency range.

4. The method as claimed in claim 3, wherein the transmis-
sion signal is formed from three signal elements.

5. An apparatus comprising:

a transmitting antenna for transmitting electromagnetic

signals,

at least two essentially identical receiving antennas having

abasic alignment in a predetermined direction and being
arranged with a distance (d) from each other,

each receiving antenna having a sensitivity characteristic

over reception angles showing a maximum for a recep-
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tion angle coinciding with the basic alignment of said wherein said distance (d) is chosen so that limits of said
receiving antennas and having flank falling with increas- certain angle interval intersect the first sidelobes, and
ing reception angle from the basic alignment from said wherein said measurement device comprises a device
maxinum to a minimum each and, with further increas- which for object detection purposes vectorially adds the
ing reception angle from the basic alignment, forming 5 signals received by the receiving antennas before the
first sidelobes having increasing sensitivities, said side- phase differences are dete?rmin?d. '

lobes being arranged symmetrically to said basic align- 6. The apparatus as claimed in claim 5, wherein the at least

two receiving antennas are planar antennas.
7. The apparatus as claimed in claim 6, wherein the planar
10 antennas have antenna patches arranged in at least one row.
8. The apparatus as claimed in claim 7, wherein the planar
antennas each have two parallel rows of antenna patches
arranged alongside one another.

ment, and

a measurement device for determining the phase differ-
ences of the signals being reflected by an object and
received by the at least two receiving antennas, the phase
differences being determined unambiguously within a
certain angle interval, said inteval being determined by
the distance (d) between the receiving antennas, *ook ok # ¥



