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Suppression of grating lobes for MMW sparse array setups
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Abstract. For arrays the placement of the single elements2 Properties of arrays
determines the angular resolution and the unambiguity in- _
terval. The width of the total array determines the resolu-2.1 Concept of virtual arrays

tion capabilities. The wider the elements are placed from

each other, the more space in Fourier domain is covered byi"ual arrays can be formed from an arbitrary transmitting
the measurement and the resolution in time domain will im-amay With v antenna elements and a receiving array with

prove. On the other hand the density of the elements had! elements. The position of the single antenna elements is

an effect on the angular interval in which objects can be deknown and denoted with 7, for the n-th transmitting an-

tected unambiguously. For objects within the unambiguoud®nna and g, for them-th receiving antenna.
interval grating lobes will appear outside this area while ob- O being able to separate the transmitted signals of the

jects outside result in grating lobes in the interval of interest.different Tx-antennas at the receivers it is required that the
In this paper the properties of arrays regarding resolution andfansmitted waveforms are orthogonal such that

unambiguity interval will be discussed and methods for thef {1 nem

suppression of ambiguous grating lobes are suggested. Ong s, (¢) -s;; ()dt = 0 ntm 1)

approach to suppress the influence of the grating lobes lies i
the evaluation of different frequency bands. In the receiving antennas the orthogonal waveforms are
extracted byV matched filters. The total number of extracted
signals is therV - M. The received signal of a point scatterer
with a reflection coefficienp can be written as

1 Introduction

To realise a sensor with range and azimuth resolution capal (1) = # - &XPlikott - (X7 + X km)) @
bilities, a single antenna with high gain that is moved me- — p-exp| j2kou - XTn+XRm 3)
chanically can be used. To avoid mechanical movements ar- 2 ’

rays can be considered instead. Their performance depends ] ] o
on the number of elements and their placement. However thd N€ vectom is the unit vector pointing from the center of the

hardware effort is considerable higher such that the amoun@/T@Y towards the scattering centre. In this description it is
of elements is usually limited. A concept that reduces the ef-assumed that the distance between the point scatterer and the

fort to a certain part exploits the concept of virtual apertures. WO arrays is much larger than the dimensions of the array.
This means every combination of transmitter and receiver=auation 8) shows that the response is the same as for an
forms a virtual element of an array that contains overall mored'Tay WithM - N elements where each elementis transmitting

elements than the single arrays for transmit and receive. Th@nd receiving just its own signal located in the middle of a
properties of these arrays and possible applications in MMwPar of transmit and receive antenna at
domain are discussed.
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T Ak For a fully monostatic array with Tx and Rx antennas at
‘ Object Y the same position the width of the occupiedpace becomes
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Fig. 1. Virtual array formed of one Tx and Rx antennas(a) Array For the situation in case of the virtual array set up by a sin-
geometry(b) k-space representation. gle transmit element and an object placed on the perpen-
dicular bisector only the positions of the transmit array el-
_ ements lead to an occupation of thespace iny-direction.
2.2 Realisation of orthogonal signals For the different elements the projection of the resulting

. . : . .vector 2 ky = kT + kg, shown in Figl, on thek, axis is
The separation of the transmitted signals at the receivers is v=~ATHAR 9 Y

essential for the realisation of virtual arrays. Different ap- .
proaches can be considered for the orthogonalisation. Ir%‘yl:s'”m'|k| =
general the principles known from communication can be )
applied for the radar case too. The approach that does ndtn = SiNgn - [k| = - |k|. (10)

require a high hardware effort is to separate the signals in

time by transmitting the signals at a given sequence. Thelaking the two outer elements into account since they result
n the largest extension ik, -direction, the size of the occu-

separation of the signals at the receiver is then done by ap” .
plying rectangular windows to the specific time slots of the Pi€dk-space is
corresponding signals of the different transmitters. D

When the used bandwidth is sufficient B can also be ~ Aky =kyy+kyy =—-[kl. (11)
split into N parts and each transmitter uses only a fraction ) )
B/N. The drawback of this solution is that the resolution of and the resulting azimuth resolution results in

= ©

the system will be reduced and the hardware effort will be A
higher too, since the filtering of the signals at the receiversAy =r- . (12)
has to be done. In addition a separate down-conversion for
each band has to be realised at the receiver. Comparing this with the monostatic case, from& (
Also a modulation of the phase of each transmitted signal 3 2
is possible. In this case the separation can be done by coAy =rp=roon (13)
relation of the received signals with the signal of a specific v
transmitter in order to separate the corresponding pair. it turns out that the resolution of the virtual array is the same

o ) as for a monostatic array with half the array size:=2- D,
2.3 Description of arrays ink-space

2.4 Realisation of virtual arrays
It can be shown, that a virtual array that is formed by a trans-

mit and a receive array has the same resolution properties &%or the realisation of a virtual array different possibilities can
the monostatic array with Tx and Rx placed in the centre of abe considered. In general an equal spacing of the virtual el-
pair of Tx and Rx antenna of the respective arrays. In the fol-ements is desired. Possible goals could be minimum total
lowing an example with one transmit antenna aneceive  space of the overall setup or a specific distribution of the vir-
antennas, shown in Figd, is considered. The considerations tual elements with respect to the positions of the real array
can be applied to configurations with arbitrary amount of an-elements. Setups for those two mentioned realisations are
tennas in both arrays. A point scatterer placed at the perpershown Fig.2. For all realisation a virtual array with/ - N
dicular bisector of the Rx array at a distancs considered.  virtual elements is generated By + N antennas. The geo-
metric dimensions can be different for the same virtual ex-
tension.
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] ) ] ) ) function of centre frequency,; (object at the perpendicular bisec-
Fig. 2. Different options for setting up a virtual arraya) Place- tor of the array).

ment of Rx- und Tx-antennas according to Wei (2009), Set(p)1.

Alternative placement of Rx- und Tx-antennas to separate left and

right part of the virtual array with a maximum number of virtual 3.3 Evaluation of sub bands
elements, Setup 2.

As shown in Eq. 15) the position of the grating lobes is vary-
ing with a change of the centre frequency of the used fre-
guency band. In contrast to this the results of different sub
bands overlap at the correct angular position of the object.
When the spacing between the virtual elements is expressed
A first approach to reduce the influence of objects that ardn terms of the wavelength, o that corresponds witly. o
outside the unambiguity interval on this interval, is to adaptanddo = a0, then the distance between main and grating
the antenna pattern such that the main lobe of the single arlobe in another frequency band with a centre frequency of
tenna elements mainly covers the unambiguity interval. Ob-/c,i becomes

jects outside will then be received already with lower ampli-

tudes. This approach will not be discussed in detail here. Aggratingi = 2-arcsir< Jeo > (16)
ci

3 Methods for grating lobe suppression

3.1 Choice of the antenna pattern

3.2 Azimuth ambiguity and resolution ) . )
When the azimuth resolution cell of the array is smaller than

As shown in the previous section the azimuth resolution cathe separation of the grating lobes, they will be placed in
pabilities depend on the maximum dimensions of the arraydifferent resolution cells. The grating lobes can then be dis-
see Eq.13). The more space the elements occupy, the highetinguished from the main lobe by comparing the responses
the resolution. On the other hand the number of virtual arrayobtained for two different frequency bands.

elements determines the number of azimuth sample points In Fig. 3 the distance between grating lobes and main lobe
and therefore together with the resolution the interval whereis shown as a function of the centre frequency at the fre-
scatterers can be localised uniquely. Ugtbe the distance quency range of interegt=72...78GHz. When e.g. a dis-
between the virtual array elements. The unambiguity intervaltance between the virtual elemedgs= 0.8 is used, the res-

then becomes olution capabilities in azimuth are aroundy = 2°. The dis-
tance of the grating lobes fal = 0.81 would be Ap = 2°
<punamb=:t8in1< o ) (14)  When the centre frequencies are separated by 4 GHz, such
4fcdo that the grating lobes could be resolved at different positions,

. . . when the two sub-bands are evaluated.
When the distance between the virtual elements is e.g.

do=0.8-2, then the unambiguity interval becomggamb=
+18.2°. At an angular offset of 4 Measurements

Aggrating= 2~arcsir< ) (15) 4.1 Evaluation of one band
feodo
. ) For first measurements an existing MMW-sensor operating at
grating lobes will appear. a slightly higher frequency rangé= 90.5...1005GHz with
1 Tx and Rx channel is used. In order to simulate the data of

an array, the sensor is mounted on a linear positioner and the
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Fig. 4. Measurement scene in a corridor with several objects.

g AL b ‘ (m)
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2t i,_.'j‘ i Fig. 6. Comparison of original processed array data and results
al rddiator | after applying a mask with the position of the main lobés. Un-

processed measurement res(b). Result after evaluation of the sub
61 < 1 bands.
8 , iy
0 ° 10 r(m) 1 20 2 98.2...1005GHz. When the two sub bands are evaluated it

shows that the result of them don’t overlap exactly in range.
Fig. 5. Reconstruction result of the scene according to the photolN @ddition the grating lobes are not at the exact position in
shown in Fig4, logarithmic scale with 50 dB dynamic range, green @zimuth according to the used frequencies. A possible rea-
line: unambiguous intervalf = 90.5...935GHz. son could be inaccuracies in the data acquisition (trigger), but
also a mismatch in tuning voltage of the VCO and expected
frequency, which leads to inaccurate output frequencies. As
measurement samples are taken at different positions. Tha consequence the evaluation of the measured data has to be
measurements are taken in stepaef=3mm, which corre-  adapted. The two images can not be compared point by point
sponds to a spacing df =0.92x A of the equivalent array. at the exact position of a peak. Instead of this a mask is
The measurements were done along a corridor of a lengtilyenerated, where main-lobes are identified. This is done by
of approx. 20m. A picture of the measured scene is showrdetermining the object responses produced by grating lobes
in Fig. 4. The major objects that appear are: a trihedral, aand main lobes in the two sub-bands. The main lobe is at
copper roll on a mount, a fire extinguisher, showcases and ¢ghe same position in the two pictures, grating lobes are at dif-
radiator. The reconstruction result is shown in FBg.The  ferent positions. The mask contains only these points where
results are represented in a logarithmic scale with 50 dB dy-main lobes have been identified, for other coordinates it is
namic range. The used frequency range for the measuremeset to zero. A result of this processing scheme is shown in
is f =90.5...935GHz. Fig. 6. It shows that outside the unambiguous region grating
lobes have been removed for the most part.
4.2 Processing of sub bands

For the evaluation of sub bands two parts of the sen-

sor's available bandwidth are used. The lower band
is f1 =905...928GHz and the upper one covers =
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For the considered bandwidth of 72...78 GHz in the realisa-
tion of the system, two sub-bands with 2 GHz bandwidth and
a separation of the centre frequencfgsof 4 GHz is consid-
ered. Evaluation of sub-bands allows to distinguish between
main and grating lobes. Using this approach arrays can be
tailored to the desired field of view and a good azimuth reso-
lution.
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