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Near-Field Alignment of Phased-Array Antennas

Willard T. Patton,Life Fellow, IEEE and Leonard H. YorinksiMember, IEEE

Abstract—This paper describes the algorithms and equipment can be applied to compensate for relatively large differences

used to apply near-field scanning techniques to the phase align-in the path lengths to each element.

ment of phased-array antennas. This procedure achieves a level

of precision not previously available. The electronic scanning

property of the antenna is used to bring different sections of Il. ALIGNMENT MEASUREMENTS

the antenna spectrum within range of the near-field scanning A | hni f . he ph he individual
process. These partial spectra are then merged to define the entire A\ €arly technique for measuring the phase at the individua

spectrum of the antenna. This process provides the resolution €lement was to vary its phase to modulate the signal from the
needed to determine the excitation at individual elements by the array received at a remote point. Modulation by the phase
inverse Fourier transformation operation. The process described shifter was measured against the background of the aggregate
here has been used in the production of a very large number of o5 from all the other elements. A technique described
phased-array antennas currently in service. by Alexander and Gray [1] used only the amplitude of the
modulation to detect when the signal from the element was
l. INTRODUCTION aiding or opposing the signal from the rest of the array. This

HE alignment of a phased-array antenna is the processt@f,hnique works well for moderate-size arrays of the order of

bringing all of its radiating elements into phase alignmeri few thousand elements. It works less well as the array gets
so that their radiated power will add coherently in a givel@rger and the signal modulated approaches the noise level or
direction. The process varies depending on the architectdii@ limit of the instantaneous dynamic range of the receiving
of the array feed system. In a transmission lens array, faystem.
example, the path from the source to each radiating element he near-field antenna measurement system [2] offers many
varies in a predictable fashion. This allows one to compu@lvantages for the measurement of the radiating properties
the correction at each element to convert the spherical ph&earray antennas. Not the least of these is the advantage
front to a planar phase front. The alignment of the anten@4 indoor testing independent of weather conditions. The
and its resultant gain are improved when the insertion phaédinal motivation for this technique was greater accuracy
differences due to construction tolerances and other sourdieéletermining the radiating pattern of an antenna. However,
are determined and corrected. it also provided information often not previously available to

The constrained feed architecture presents different af@tenna engineers, namely the phase of the pattern. By very

somewhat more complex problems for alignment. A corbuch the same algorithm used to transform the near-field
strained feed system often provides essentially equal pafgasurement to the far-field pattern, the far-field pattern could
length from the source to each of the radiating e|emenﬁ§ transformed to the aperture of the array. This transformation
Errors at various junctions in the feed system correlate in thlds the amplitude and phase distribution in the aperture that
array aperture. A phase error at any one junction affects @{j to the near field and, hence, to the far field. However, this
elements served by that junction. This correlation of errors c@nsformation is subject to a fundamental limit on resolution
produce large and unwanted sidelobes. These sidelobes terifl th1e aperture [3].
become more severe as the number of elements connected @ince the far field is the Fourier transform of the aper-
the junction increases. The cost of manufacturing junctiofigre field, the far field (and the near field as well) is the
with the precision required for a large low sidelobe arra§tperposition of a spectrum of plane waves. Only those plane
becomes prohibitive. The designer must therefore find anotiéave spectral components with wave number less than the
way to eliminate these correlated errors. Measurement of phd¥énsic wave number of free-spad@r/\) are within the
error at the individual elements, and correction of error usirRPservable spectrum, i.e., visible space. If the the spectral
the element phase shifters make the residual error uncorrela®god of the array is larger than the visible space region,
from element to element. Uncorrelated errors do not contribuf@nsformation from the far field to the aperture plane will not
significantly to peak sidelobes. Indeed, the phase quantizatRji®vide sufficient resolution to align the array at each radiating
error associated with the phase shifters, together with tBement. This is indeed the case for very wide scanning arrays
errors associated wth the measurement process, combindVifh subwavelength spacing, where the spectrum describing
the maximum residual of the original error due to all junctioné1e array aperture illumination is substantially larger than the

between the array port and the element. Similar correctiof@servable spectrum.
An array consisting of a collection of uniformly illuminated
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z the z-y plane

A Point of observation ) .
S(u,v) = P.(u,v) x Z Z anjmeﬂﬂ(m%u‘?"%"v)
n

m

u=cosa where the variables, v are direction cosines relative to the

Array x andy axes, respectively. The double summation was called
| / the space factor of the array by Schelkunoff. Classically, the
ey B variablesy, andv have values less than one. However, if the
o angle domain is extended to imaginary angles, the range of
andwv will each be the entire real number line.

\ >y The double sum is a scalar function. All the vector properties
l | of the antenna are represented by the element pattern which is

N the Fourier transform of the field distribution at the element.
This includes, specifically, the polarization characteristics of
the antenna.

The antenna spectrum can therefore be considered the
product of two factors, especially for large arrays. One is
due to the excitation of the array—the array pattern—and
the other is due to the configuration of the element of the
Fig. 1. Array coordinate system. array—the element pattem.. This is true to the extent that

all of the elements are identical in configuration and perform
a subarray. The computer controlling the near-field scann@r 2" identical environment. Elements at the edge of the

provided the waveguide shim thickness to be inserted into efth?Y V|0_Iate_ the |d_ent|cal environment assumption, but the
sumption is effective for arrays of more than 1000 elements.

branch of the beamformer. In this case, the intrinsic resolution. . tioularly t the broadsid inting direct
of the process was very much finer than the size of the antenr.pc{s |s:[hpar |(cj:u ar¥f rt:ei ntrenar ¢ er :]oa nSI g p?'c Tgwil(;ec |onn
subarrays, but not as fine as a single element. Using tﬁlgcle eYerigE e7ec hsw 3sthpt0 gu ceﬁ at ery N (Ia|s|l§|a
technique to determine the phase at the individual eleme ei'h( 0 ?j'[ 1s owed tha el getﬁ ects a et egtghg tﬁ
of the array requires a method to overcome the fundamenfal" € array dimensions in wavelengins are greater than the
limit on resolution. average sidelobe level in deupels. This is s.|g.n|f|qant for Ipw
The answer to this resolution problem lies in the propertigédebbe arrays where array alignment precision 1S especially
portant.) The element pattern, sometimes referred to as the

of the Fourier transform relating a linear phase ramp in o i | t pait denotes th ‘ fthe el t
domain to a translation in the transformed domain. This allofs " & €€mMent pattern, denotes the periormance ol the elemen

us to use a linear phase ramp to translate the array spectllﬂ a? bargzgsv.\g?:clggiggegrs. dtle rm;?"’.‘fdétlﬁ; Selosvggn\/:r:y'lgg It
relative to the observable spectrum. Thus, all of the arr ! pidly varying 9 gles.

spectrum is rendered visible with several scans, each us y even have a null at large scan angles if the element/array

a different phase ramp. Although the fundamental limit o I'Indd ";t that angnle.tThe\r/efrotrﬁ, asr\tN'"fbtf] sh?rwn Iatert,rorrr:e
resolution by a single scan remains intact, we are able to recopp d CNOOSE scans fo cover the parts ol the array Spectrum as

the entire spectrum through a series of scans, which are tfepee to broadside as possible for the given element spacing.

merged to obtain the complete array spectrum [4], [5]. The ) _
details of the process are given in Section lIl. B. Fourier Analysis

Extending the variables to the entire real number line admits
the application of Fourier transform theory. Therefore, the

) _ ) antenna spectrurfi(u, v) and the aperture distributiof(z, v)
The discussion of the spectral merging process below 4g related by

applicable to arrays with either rectangular or triangular ele-
ment latices. The specific dicussion relates to the triangular S(u,v) = Cy // a(x7u)ejk(um+'vy) dz dy
lattice since it is more efficient (i.e., has fewer elements per Aperture i i
unit area) than the rectangular lattice for arrays which either
cover a conical region or one quarter hemisphere. The ante
geometry for the problem is shown in Fig. 1.

v=cosf

Ill. SPECTRAL MERGING

a(xvy) = C(1 // S(U,, U)e_jk('““’+’vy) du duv
A. The Array Spectrum

where
The variables of the Fourier transform that map real space o
to the array spectrum must be defined to relate the dimensions k= ~

of the array and the coordinates of the array spectrum. It
is convenient to relate this transform to the Schelkunoff [@ndC; andC5> are constants depending upon units, normaliza-
expression for the directional pattern of an antenna locatedtion, and other considerations of computational convenience.
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The Fourier transform of a periodic array is a periodic
function determined by the aperture excitation function. The
spectral period is given by the reciprocal of the array spacing ir]\ LI
wavelengths. This periodic function is multiplied by the active'y' (1] ¢
element pattern, which is determined by the radiating element \
and its neighbors in the array. The spectral representation ofE":“:I A
the space factor or array pattern is periodic. The distribution %8~ J

in a cell of the period is repeated over all other cells in the AerturePlane N p
transform space ot,, v space. The element pattern is not C % S
periodic in transform space, but it multiplies the space factor 25
or the array pattern to form the spectrum of the antenna. The v Plane
objective in aligning the antenna is to transform the array

pattern to the aperture plane in such a way as to obtain the ()
individual element excitations Fig. 3. Alternate spectra formed by rectangular lattices. (a) Alternate
’ columns of original triangular lattice array. (b) Twice the elements of original
triangular lattice array.

C. Spectral Cell
The spectral cell, which is the period of the transform in T@ . . O
1.8
N
,\

(u,v), is that section of the spectrum that when moved to
adjacent spectral orders (grating lobes) will completely cover
the spectral plane. Although the spectral cell does not have a
unique shape, its area is determined by the periodicity of the
array. This is illustrated in Fig. 2, which shows two examples
of such an area for an array with triangular lattice. Either
the diamond-shaped area or the area within the bold rectangle
represents the two-dimensional (2-D) spectral period.
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Fig. 4. Spectral cell can be constructed by properly replicating data in half
of the cell.

D. Transformation of the Array Spectrum to the

Aperture Plane with Full Resolution from one spectral order to the next involves translation in

When transforming the array pattern to the aperture platwo directions. This is a consequence of the triangular grid.
using a simple 2-D transform, it is easiest to deal with B0 construct a rectangular spectral cell that accounts for the
rectangular region in the spectral domain. The spectral regimiangular grid, we reuse the lower right quadrant with respect
shown by the bold rectangle in Fig. 2 corresponds to a lattite the main lobe (region 1 in Fig. 4) as the lower right
with half the elements desired, as shown in Fig. 3(a). guadrant with respect to the upper left spectral order and

Alternatively, if the spectral cell shown shaded in Fig. 3(b3imilarly for the other quadrants. The sign given these reused
is transformed to the aperture plane, the resulting data will fgjladrants matches the sign of the spectral order. These signs
on the rectangular lattice shown. This has twice the numberwiil alternate if there is an even number of rows and columns
elements as the original triangular lattice. If this spectral cell is the array aperture, but will be all the same for an odd number
properly constructed, those elements absent from the trianguwérows and columns. Note that in the even alternating case,
lattice will transform to have zero excitation. Therefore, ththere is no element at the phase center of the array. If there
objective is to fill the spectral cell with the proper data. were to exist an element at the phase center of the array, the

If spectral cells are centered over each of the spectral ordepectral orders would all have the same sign and the quadrants
(grating lobes), they would fill the spectral plane. The motiowould be reused with the original sign.
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directly with a near-field facility and the active element
1| 4432 . . .

\ pattern determined by removing the precalibrated probe

factor. The element-probe coupling factor is measured by

(N

4 steering the array to each angle for which element-probe data
be, is required and recording the response in that direction. Note,
3] however, that if only the scalar properties of the array are

of interest, i.e., only its phase and amplitude distribution, it is

Fig. 5. Array spectrum has been translated to center desired spectral reqigit necessary to separate the element-probe coupling factor.

in visible space. The result obtained when the near-field measured data is

transformed to the far-field is the product of the scalar array

Inspection of Fig. 2 shows that less than a full spectral c&lpectrum multiplied by the active element pattern and by the
is contained within the unit CirCle, i.e., visible space. Howevepattern of the probe antenna. When a linear phase taper is ap-
the spectral cell of Fig. 3(b) can be constructed from each gfied to the array, only the scalar array spectrum is translated in
the numbered regions shown in Fig. 4. The angular spectrififection cosine space. The element pattern and the probe pat-
can be translated relative to visible space by applying a linegfn are invariant under a linear phase taper. When the far-field

(planar) phase taper to the array excitation. A phase ratetgfnsform result is divided point by point by the element-probe

360° per element will translate the main beam to the ne¥pupling factor, the result is the array spectrum at those points.

Spectral order in that direction. lB@er element will translate To recover the gain of the array by near field techniqueS,

half way to the next spectral order. To translate the spectryfimay be required to scan the near field with probes of two

so that one quadrant of the spectral cell is centered in visijthogonal polarizations. Matching the probe polarization to
space as shown in Fig. 5, 9@er row together with 45per  the array-element polarization avoids this requirement. Double
column is required. This allows that part of the spectruanning would also be required if the polarization distribution
to be centered with respect to the array broadside directighthe element were unknown, but of concern. Polarization
and recovered with minimum variation in the element-proh@atch is required to recover scalar characteristics of the array

coupling factor. This approach may be repeated to scan eagfly to the extent that it reduces element-probe coupling loss.
of the numbered regions in Fig. 4 to the center of the unit

Ci.rd?' The entire spectral cell may then pe constructeq 'b_-y Fast Fourier Transform (FFT) Measurement Density
piecing together each of the numbered partial spectral regions.
When transformed to the aperture plane, the merged spectrurfiFT's using “power of 2" algorithms are convenient for ma-
will provide spatial resolution to each element. In merging tHéiPulating the data. These have the same number of data points
four spectral regions about the main beam, the average of fé@rray coordinates as in angular coordinates. “Zero padding”
regions has been taken where the regions overlap since thef@&measurement data to extend its size will reduce the spacing
no basis to consider the principal plane cuts through the m&@tween data points in the spectrum and increase angular
beam in one quadrant better than another. Wittmetrai. [8] resolution. It is required to produce an adequate sampling of
have independently confirmed the merged spectrum technidﬂ@ spectrum to define the sidelobe structure of the antenna.
for phased-array alignment. The sampling data spacing should be smaller than the

The method just described works effectively since it eff/ément spacing to prevent aliasing of the data. It should be
forces triangular symmetry in the spectrum. There are fg&@mmensurate with the element spacing to ensure that the
Fourier transform (FFT) algorithms that deal with the triar€lement excitation data corresponds to the location of the
gular grid and although the one used here is not elegant, i€§ments. If we use a sampling interval of half the row spacing,
simple and convenient. Some of the alternate techniques migind half the column spacingthe sampling spectral cell will
result in some saving in computation time. e2X/r by 2A/c. The resolution of the antenna }g/Rr by

The angular spectrum could, in fact, be obtained with onfy/ Cc; where R is the number of rows and’ is the number
two scans, thereby saving data acquisition time. However, tipdtcolumns. To insure adequate definition of the individual
would require use of data from less reliable lower levels of tH@bes, there should be at least four data points per resolution
probe-element gain pattern and would also lower the signal4Bit. Therefore, there should 342 by 8C data points. If the
measurement noise power by 3 dB. The decision is basicdlymber of rows or the number of columns is not a “power

3 2

O ) The element-probe coupling factor [2] can be measured
1.8

N

S

2.50

a trade between test time and accuracy. of 2,” the next larger “power of 2” should be substituted.
The measurement plane can be “zero padded” beyond the
E. Active Element Pattern actual measurement space to provide the needed resolution.

Zero padding is preferred to actual measured data after the

The active elgment pa?tern IS ta_lken. in the sense of Pe %plitude has fallen to the instrumentation noise level to avoid
Hannan [9]. It is the gain and directional performance 9 troducing additional noise into the spectrum.
an element of an array as influenced by the surrounding

elements. There are method of moments and finite-element )

codes for determining the active element pattefd- Near Field

mathematically. The probe pattern is generally measured byMeasurements are made three to five wavelengths in front
an outside standards agency such as NIST (Boulder, COf)the aperture. The angular spectra derived from the measured
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data differs from that derived from the aperture as errors in actual probe position relative to ideal position may
be addressed by correction [10] as well as other methods
Sr(w,v) = Sau U)eijTrw(u,'v)f [11]. With k correction, phase is corrected as the projection of

the error displacement along the direction of the main beam.
Correcting phase for displacement along the scan direction

where assumes that the dominant plane waves are clustered in that
* Sm(u,v) is the measured spectrum; direction. Thek correction algorithm was compared to several
* Sa(u,v) is spectrum which would be obtained by transothers and was found to be the most cost effective, i.e., it
forming the excitation at the aperture; provided the most correction for a given computational effort.

 wu0) = - o),

* z is the separation between the measurement plane andmultipath

the aperture plane. . . .
h P | P h | Multipath errors result from multiple reflections of probe
The angular spectrum at the measurement plane may fg, oy reaching the array. One important multipath contribu-
transferred to the aperture by correcting the phase distributighy, jn\oives reflections from the array support structure to

of the ?ngulaL spectrum for thﬁ displacement of ':he ph;\ﬁ]ee probe carriage and back to the array elements. Carefully
center from the aperture to the measurement plane. Bli/ering any support structure with absorber will alleviate this

correction can be continued beyond visible space Wherecﬁqtribution to multipath. Another multipath source is multiple

becomes a strong attenuating factor. This is a consequence @i, as petween the probe tower and the array. Designing
the evanescent character of plane waves with wave nUmMbgfs o rone carriage and the tower to minimize the number
in excess of 360 per wave length. Further, it implies thatof surfaces parallel to the array and using absorber on the

very little of the _angular Spectrum beyond the unit circle, I.e, ne tower to attenuate multiple reflections are two principal
visible space, will reach the measurement plane, even at o %thods to reduce this multipath error

a few wavelengths distance. This is the reason that multiplegg,aral methods can be used to aid in diagnosing the source

scans and spectral merging is required when the spectral %Efl multipath errors but none are fool-proof. The near field

extends beyond the unit circle. measured for each of the symmetrically positioned beams used
for the merged spectrum processing can be compared. These
should exhibit mirror or rotational symmetry with respect to

A number of errors arrise during the near-field measuremezach other. Lack of symmetry, especially in one of the beams,
that affect the array pattern and, therefore, the array excitaticen lead to a source of multipath in the near-field facility.
determination. These errors and approaches to mitigate thAtso, if repeated measurements are made with the array

IV. MEASUREMENT ERRORS AND THEIR REDUCTION

are given below. at difference displacements along its normal, the multipath
components can be extracted from the primary transformed
A. Inadequate Measurement Plane Size far field or untransformed near-field patterns. This is similar

A measurement plane of inadequate size will distort e the sliding load measurement used for calibrating automatic

angular spectrum and cause an error in the predicted ggﬁ{work analyzers.

of the antenna. A rule of thumb for measurement plane . ) )

size is to extend a ray from the edge of the array in t& Receiver Settling Time

direction of the widest angle of interest in the pattern to the Maximizing the data collection rate necessitates a wide-
point of intersection with the measurement plane. This simpband receiving system to respond to high-speed beam port, and
approximation shows that the greater the separation betwdmguency switching rates during a scan. However, a narrow-
the aperture and measurement planes, the larger the scan pteamal receiver provides high signal-to-noise ratios (SNR'’s).
must be. A more accurate determination for an antenna Tiis dilemma may be addressed by combining numerical in-
known excitation would be to transform the excitation to theegration, to improve the signal-to-noise ratio, and a relatively
scan plane at the largest scan angle of interest, making certaide-band receiver (like a network analyzer) which settles
that the scan plane covers that distribution to at least 30 dBickly. The average of 16 readings taken at the reciprocal of

below the peak value. the instrumentation bandwidth will reduce the noise bandwidth
by a factor of 16 giving a 12-dB SNR improvement. Over-
B. Probe Position Errors sampling the measurement plane also improves SNR in the

Measurement data is required at points on a rectangu%eCtrum' The Fourier transform.proc.ess vinI also increase
grid. Any displacement of the probe from these grid poinéNR by an amount equal to the directive gain of the array.
at the time of measurement must be phase corrected. This__ » o
assumes a probe location measurement system indepenflentiMe- or Position-Dependent Sensitivity
of the probe placement system. Laser interferometer system$&tability and repeatability of the measurement system for
often used in near-field scanners can measure probe posifi@niods of time greater than the scan duration is essential.
within a spherical error of less than 100 micrometers rott addition, cable drops and motional joints must have very
mean square (rms) over a scan plane of more than 50 square wow. Relaxation of a cable drop after motion can cause
meters. If the probe position is measured with such precisian,phase hysteresis. The phase length of a cable can change
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Fig. 6. Alignment results (measured phase deviation from desired value). (a) Unaligned. (b) After single alignment with uncorrected meagcyements.
After alignment with fully corrected measurements.

when in motion, but relax to its stationary value a few secondsita at all angles to measurements made with orthogonally
after stopping. Therefore, cables which flex durng the scaolarized probes from which the principal polarization pattern
must have very good phase stablility and repeatability wiith computed.

motion. If this is the case, the effects of their phase variation

with motion can be measured separately and subsequeidlyArray Induced Errors

removed from the_antenna megsu_rements. Such errors can b& failed phase shifter will produce different errors in each
measured by placing a short circuit on the probe and re"m“fr}gthe merged beams. This error can be removed by rotating
the signal from a carefully balanced re.flectometer. A seco phase of all elements of the array in increments Gf 45
measurer_nent IS ”.‘ade and the correcno_ns are applied. Wlaﬁping the scan. Counter rotating and summing during data
the resulting data is then transformed using the same neardga cis removes all influence of the failed phase shifters.
far field transformation used for pattern computation, the prol%% superposition the contribution of the element with the

reflecr?on and Ialny ottr;er go_r:jstant rr]EfleCt'O?]s W'” Sg_rl'l'” t Iuck phase shifter will add to zero after the counter rotation,
zeroth spectral line (broadside), whereas the instabiliies ereas the contribution of elements with operating phase

contribute to the sidelobe structure. Hence, this diagnostic t%‘ﬂifters will add coherently. This process also removes the
relates the actual errors to their effect on sidelobe measure ct of phase-shifter differ.ential phase errors and provides

accuracy. additional signal integration as well.

F. Probe-Array Polarization Mismatch H. Array Built-in Test

The probe-array polarization mismatch is largely a signal- One additional lesson was learned while trying to simultane-
to-noise issue unless gain and polarization characteristassly integrate a phased-array antenna and the near-field mea-
of the antenna are required. If only principal polarizatiosurement system intended to measure it. The array must have
data is desired, the probe polarization should be closduyfficient built-in test equipment to ascertain that the array is
matched to the polarization of the array radiating elemenfslly operational, at least from an electronic control standpoint.
For example, using a rectangular waveguide probe to measAtdough the array alignment method described above can
an array of rectangular waveguide radiators gives comparabizurately measure the amplitude and phase at each element
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and demonstrate the effectiveness of the array control systefg] D. Kerns, “Plane-wave scattering-matrix theory of antennas and antenna-
using the near-field scanner for this purpose is very expensive. 20513 interactions,” Nat. Bureau Standards Monograph, vol. 162, June
[3] P.L. i?ansom and R. Mitra, “A method of locating defective elements in
V. APPLICATIONS large phased arraysPhased Array Antennas Dedham, MA: Artech
) House, 1972.

The process described above was invented to CO[‘np'emdﬁ} W. T. Patton, “Phased array alignment with planar near-field data,” in

. Proc. Antenna Applicat. SympgJrbana, IL, Sept. 1981.
the design of a large phased-array antenna. It was necessaryg0_ "~ “s\ethod of determining excitation of individual elements of a

achieve the required antenna performance and has been used tophased array antenna from near-field data,” U.S. Patent 4 453 164, June
align a large number of such antennas. The alignment methTa 1984.

. . .. S. A. Schelkunoff, “A mathematical theory of linear arrayBgll Syst.
described here provides the necessary phase precision at atech. J, vol. 22, pp. 80-107, Jan. 1943.

large cost saving, compared to precisely manufacturing ard] L. H. Yorinks, “Edge effects in low-sidelobe phased array antennas,” in

trimming the line lengths within an antenna. The elemental gg)g'z'gg_gg‘te””as Propagat. Sympancouver, Canada, June 1985,

phase errors measured by the system are stored within thg R. c. wittmann, A. C. Newell, C. F. Stubenrauch et al., “Simulation
antenna beam-steering system to correct phase errors at eachof the merged spectrum technique for aligning planar phased-array

: : : antennas, part 1,” NISTIR 3981, Oct. 1992.
operating frequency. The array is subsequently operated W%‘] P. Hannan, “The element gain paradox for a phased-array antenna,”

the corrections applied. IEEE Trans. Antennas Propagatol. AP-12, pp. 423—-424, July 1964.
The effectiveness of the alignment method is illustratdd® M. H. Francis, “A comparisonok-correction and Taylor series correc-

. . . tion for probe-position errors in planar nesar-field scanning,Piac.
in Fig. 6(a)—(c). These show measured phase deviation from Antenna Measurement Tech. Ass@illiamsburg, VA, Nov. 1995, pp.

the desired value of: (a) an unaligned array; (b) the array 341-347.

after a single alignment without all error corrections appliedt!l P- K. Agrawal, *A method to compensate for probe positioning errors
' in an antenna near field test facility,” #intenna Propagat. Soc. Symp.

and (c) aﬁgr a second r'sllignmenf[ with all error corrections  pig. Albuquerque, NM, May 1982, vol. 1, pp. 218-221.
(probe position, phase shifter rotation, etc.) applied. The phd&d L. H. Yorinks and W. T. Patton, “A near field antenna range for ultra-low

scales have been removed to illustrate the alignment progress gg?"’l%% :‘”te“”a&" iMilitary Microwave Conf. Reg.London, U.K.,

qualitatively. Fig. 6(a) shows the phase excitation is totally

random. The antenna does not, in fact, form a well-defined
beam. After the first alignment, there are still some small phase
errors around the periphery of the aperture. Finally, after a
fully corrected alignment, only one element does not meet the
minimum phase-error criterion of the display. In fact, this array

had a single failed phase shifter, which could not be repaired.
This is a rare but acceptable condition.

Facilities implementing the invention are currently in use.
These facilities described in Yorinket al. [12], cost approx-
imately $10 million to build and facilitate to the size and
precision necessary. If test and alignment requirements are
less stringent, e.g., to provide a simpler test and evaluation
tool, the facility design and implementation can be modified
substantially in precision to reduce costs. For example, if only
an indication of array errors and their location are desire
spectral merging may not be required and a single beam si
might suffice. In any event, the design of such an instrume
can best be accomplished with foreknowledge of the anter
to be tested.
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