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Summary

This paper describes a 95-GHz polarimet-
ric monopulse instrumentation radar and
salected scattering measurement results for an

armored vehicle. The radar is all-solid-state,
coherent, frequency ste| @ over a 640-MHz
bandwidth, and completely polarimetric for fine-

arly or circularty polarized radiation. Details of
the methods used to perform the amplitude and
phase calibrations and the effectiveness of
larization distortion matrix cofrections are

in the pager. Measurements made with
the rartar of 3 vehicles on a turntable have
allowed quasi-three-dimensional polarimetric
ISAR images of the ts to be generated.
Sample images for an infantry combat vehicle
are presented together with high-resolution
range profiles of the target for all monopulse
channels.

1. Introduction

Sensor systems operating at about 95
GHz are being investigatad lor use in smant
munitions designed to defeat armored vehicles.
Specific radar scattering pr ies of these tar-
gets frequently are required for evaluating the

ormance of a sensor system. in this paper a

Mz polarimetric monopulse instrumentation
radar is described that is capable of acquiring
the required target signature data.

Measurements have been made for sev-
eral vehicles with the radar located o the US
Amy Missile Command (MICOM) 100-m tower
at Redstone Arsenal, AL, and the target
mounted on a tiltable turntable. Data were col-
lected for various radar ssion angles and

azimuth angles to computation of

cross section (RCS) polar g'ots. high-
resoluton range (HRR les for the two-angie
monopuise sum and difference channels, and
Inverse synthetic aperture (ISAR) images for the
monopulse channeis.

Section 2 of this report describes the
basic characteristics of the radar and Section 3
comains a discussion of the procedures used for
calbration of the radar. Some sample target

obtained for an In combat
are given in Section 4 to demonstrate
the radar's capabilies. Conclusions reached -
regarding the radar system, the calibration pro-
cedures, and the scattering measurements are
contained in Section 5.
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MEASUREMEMTS Ol:r TARGETS AT 85 GHz
R. J. Weliman, |. Ngmaric.‘;. H. Dropkin

2. Description of the Radar System

The radar described in this paper was
designed for obtaining 95-GHz target signature
data of ground-based targets with the radar
located on a tower and with computer-controiled

eraiion from a remot:nground station. Fig. 1
showe the radar head pedestal. A video
camera that is boresighted with the radar and a
metallic cover for the system are not shown in
the photograph to aliow a view of the radar hard-
ware. The radar head is covered during opera-
tion, if needed, to allow it to be air-cond:ioned
for temperature control. Data recording and
control of the tower-mounted radar are per-
formed at & ground station located in an 11-m-
long semi-trailer. Data from the target platform
also are recordod at that location.

The basic characteristics of the radar are
summarized in Table 1. The radar is a com-
pletely polarimetric two-coordinate amplitude-
comparnson monopulsa system. It is a coherent,

ulsed radar that operates in a
-8t d mode between 95.00 and
.64 GHz. The freguency-step size can be

selected to be 1, 2, 5, 10, or 20 MHz, and the
radar pulse repetition frequencL(PRF) is also
selectable to be 1, 2, 5, or 10 kHz. The system
was operated with 64 10-MHz steps and a trans-
mit PRF of 10 kHz for the measurements
reronpd here. The peak power of the
all-solid-state transmitter is 43 W, the puise
width is 100 ns, and there is one adjustable
range gate.

Either circularly or linearly polasized radi-
ation can be transmitted by the radar according
to which mode ¢f operation is selected. For
examfle, one pulse with either right-hand circu-
lar polarization (RHCP) or left-hand circular
glanzanon (LHCF) be transritted and

th senses of polarization can be received.
The polarization of succeeding puises may te
right- or left-circular depending on the transmit
format selected. A similar mode of operation is
possible with horizontal (H) and vertical (V)
polarization.

_ The radar has a lens antenna that can be
easily removed and replaced with another hav-
ing a ditferent diameter. For a specific measure-
ment scenario a lens with a diameter between
3.8 and 15.2 cm may be selected from six
available lenses. The one-way 3-dB beam-
widths of these lenses range between about 1.5
and 5.2 deg. .

A simplified schematic

y am of the
radar circuit is shown in Fig. 2. R is seen in the
.f‘tﬁ? ',( L a e
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figure th:at the transrmitiar output is routed via the
switchahle circulator into eithes the H-channel or
the V-ciiannel monopulse comparator and then
to the lens via a multi-mods ieed Fam. A wire-
grid dip'axe. is placed betwecn the ‘eed homns
and tha lens for pro?er routing cf the radiation.
The cuarter wave-plate (QWi') between the
diclexer anc the lens may be aligned 15 maintain
the origira’ incident linear polarization, or it may
de rotated {u convert the radiation of one <han-
nel to RHCP and the othar tc LHCP. If tha QWP
is oriented for tha linear pclarization mods, the
vertical and horizontal componcnts of reflacted
radiation are diplexed into the V- and H- crannel
comparators, respectively, and the resulting
sum, elevation ditference, and azimuth differ-
en~e signal ma% be datected fcr each polariza-
tion. i the QWP is orianted fcr the circular
polarizatior: mode, the sum and difference
signals for the RHCP and LHCP components of
the refiected radiation are similarty detectod

The osgcillator saurce fur the six suri ard
difference channel mixers is frequency stepped
synchronously with the transmitter source ard
maiiitains a constant offsat ¢f 3 GHz.

The radar Data Acguisition System (CAS)
has six VQ detectors fcr the monopulse suni and
difference signals. The relative phase of the two
sum channels and their lop amglitudes also are
processed in the DAS. For each transmitted
pulse the signals received in each of the 16
channels are sampled, multiplexed, and digitized
by two 12-bit A/D's. The multiplexed data are
transmitted from the radar via a fiber-optic data
link to the remote computer control/recording
sys*em. The latter is a PC that includes an
80386 20-MHz processor, 4 Mbytes of memory
and two 300-Mbyte disc drives. Data are
archived on 150-Mbyte, streaming 112.5-Kbyte's
cassette tapes. Akthough the custom interface
fo the radar DAS has a 240-Kbyte/s capability.
the limit on the recording rate reduces the maxi-
mum data rate to 120 Kbytes/s.

The radar is mounted on a pecestal that
can be computer controlled locally or from a
remote station to scan the radar or to orent it to
& fixed position. The pedestal is an elevation-
over-azimuth type with 0.01-deg pointing acru-
racy. it has scanning rates that can be selected
o be between 0.1 and 10 deg/s.

As Indicated above, a video camera is
mounted on the radar head, and it can be boro-
od with the radar to videe record the ta-get
signature is being measured.

3. Radar Calibration Procedures

coma i P o

us 8 num types o

data channgls. The procedure can be broken up
into three distinct sections: the ampiitude cali-
receiver in the sum-channels,
the sum-channel relative polarinm:etric phase
calibrat'on, and coherent sum ana difference
channels calibration. Some preliminary calibra-
tions were done in the laboratory before the

*

radar was taken to the field measurement site at
Redstone Arsenal, and a series of pre-
measurement checks and calibrations were
done at the field test site. Only the basic
features of these checks and calibrations are
given here since many are we!l-known proced -
res.? These include taking proper aucount cf
gain imbalances in l/Q detectors and nonli.year
responses in detectors and amplifiers.

The radar calibrations at the field mea-
stirement site were performed using the reflec-
turs listed in the calibration target array of Table
2. The range of each reflector to the radar and
its RCS were chosen so that the signal levels
from reflectors 1, 2, and 4 were approximatel;
eqéjoal and in the linear range of the receivers
(about 6 dB below A/D saturation). The |
receivers were calibrated using reflectors 2 and
4. Reflector 3 was used for caliorating the rela-
tive polarimetric phase channel and for deter-
mining a sign in the polarization distortion matrix
(PDM) calibration described below.

The dynamic range of the system was
more than adequate to insure that the maximum
signal levels from the target were below the
saturation level of the detectors and the ampiifi-
ors were well above the noise leve! of the srs~
ta11. The dynamic range was about 66 dB for
the linsar channels and about 72 dB for the log
channels. Stability checks were made periodi-
cally, and corrections were made for the minimal
drifts that were observed.

Transter curves for the log receiver in each
sum channel were generated in the laboratory
using a 3-GHz source to simulate the IF signal
from the sum channel mixer and with a precision
attenuator to vary the signal level. The ampli-
tude calibrations at the field site were performed
by boresighting the radar on the appropriate
comer reflector and varying the precision attenu-
ator to simulate the expected range of signal
levels for the target. These measurements were
used 1o verify the transfer curves measured in
the lab. Absolute calibration of the amplitude for
each polarization channel was determined using
the signal level corresponding to the known RC
of the reflector, the transter curve for that chan-
nel, and the ratio of the radar range to that
reflector and the range to the target to be
measured.

The relative polarimetric phase channrel
initially was calibrated in the atory and a
reference look-up table was generated. This
table reiated the phase angle of the signal into
the 1/Q detector to that at is output. A gridded
rihedral was used at the field site as the refer-
ence reflector, and the phase di*erence
between the coherent sum channeis was
measured. These values then were used to
determine their relationship to the phase angle
values in the reference *able for sach of the
coherent sum channels . A correction table was
generated from this measuremasnt as a function
of kequen%so that the actual polarimetric
piiases could be computed directly from the
measured values for each frequeen&y The pola-
rimetnc phase calibration was checked using the

B i il e
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g:{ﬁod trihedral oomgaﬁ the
erences m&'ln RHCP and LHCP signals
for both senses of transmitted polarizations.

Thess values agree to within £3 deg overalt.

The effects of imperfect cross-polarization
isoiation in the radar can be mitigated by use of
the PDM calibration technique.’ This calibration
method is In:reg:ed to dgamovemm J‘add! system
parameters the 0 that the target
polarization s~ attering matrix can be determined
without degradation due to the em. ftcanbe
used for both linear and drwlar’gladzatbn by
mdtmgI measurements of the four reflectors
listed in Table 2. For this report, the PDM
calibration technique was carried out for circular
polarization. The calibration method for the
gohoront recsivers is shown in block form in Fig.

For calibration purposes, 200 ramps of
;hm &re taken for elagh :'f g\‘e hf:;: reﬂecsttors. od
6ré @ ramp consis! ency-siepp:
c:lﬂscs transmitted with RHCP and 64 pulses
smitted with LHCP. The sum channet VQ
<ofmrections were generated by characterizing
each LQ detector at four signal levels for every
22.5 deg change in input e from 0 to 360
. This 1/Q correction reduced the amplitude
Sl s S
average and the maximum phase
correction was 3 deg. The POM calibration is
led to the coherent sum channefs only. The
cofrection parameters are calculated for
each frequency and for each polarization, and
then they are ied to the data to obtain the
calibrated amplitudes and phases.

The difference (or deita) channels are call-
brated by taking the ratio of the deita channel
LT et

] n @ 10 Co -

ase variatio nsinmesumdwa"n?\:!ndue
1o the PDM correction and phase variations
between sum and difference channels versus
frequency.

4

The PDM calibration technique described
sbove improved the cmssgglarizaﬂon isolation

of the terg't?h?mn% .Tablassaggsa
ﬁmmmﬂrmmm -

bmwmmhorcalibraﬂonsandzplyln
PDM calibration to the linear sum anneg. The
RCS's in dBsm were used to computs he aver-
ages. The RCS ampittudes representing the
various transmitted/received polarization

combinations are oy, Gy, 0., 8nd 0, where

ro deviations (RMS's) for the copolurized
ms indicate the degree of amplitude stability
of the system,

idaally there should have baen no cross-
pola: ized reflection from the diheural for circular
pola: 'zation. The smell values of o, and o,

shor;nlnTabol‘eambokvedmrewhfr%rgna
co.nbination hco«slm cross-polarizal
knpeﬂocﬂonﬂnmt:opw’gf?ﬂon étsslhm rious
returns from the reflector ta‘rr?d sideobe
clutter. The total for all of these possible effects
is seen to be at loast 35 dB below the -
rized reflection for all polarizations atter the POM
calibration. ’

The results of the phase measurements on
the various reflectors after the PDOM and other

ed. measurement ghm errors will
influence the quality of HRR profiles and ISAR
im , but as indicated the phase errors are
i, lniacl.thecaoabﬂg of the system is
such that an HRR profile of a single reflector
using & single ramp of data and & 84-point FFT
approaches the processing sideicbe levels.

A method was devised for removing the

determined.
ﬂmted!ormephauvaﬁaﬁmhmoreferenco

from ramp to ramp.

Antenna patterns were obtained
am%mmmm
approximate two-way sum channel
for the 5-cm lens used for the measure-
mmMoms
mbuth to detsrmine due lo the trees in the
ares, measu one-way
mdehoaf:!t;:h:.q averaged well below
of the cross isolation nf the anten-
nas showed that on average the isolation was
more than 25 d8, one way. The responses of
the monopulse difference channels were call-
wodg‘w%mwmmm
priate r A reiative phase of the
ditference channel with respect to that of the
sum channel was calbrated by scanning to one
side of the reflector and 2 look-up
iz’ e for setting the relative phass 10 be 0 deg at

:
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g
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measuraments of the monopuise null dapths
showed that they averaged ot least 25 cgmbelow
the sum peak. The radar mononulse boresight
angle was detarmired for each poiarization
chann# using the ¢ ppropriate refluctor. Ths

ts were found to vary slighily, with mes?
of th9 variations being in th.8 azimuth de'ta chan-
nes. The overaii b wesigh. angle differenca for
the RR and RL ct.anneis, for example, was
about 0.3 feq. with mnst of the difference huing
In azimuth. The ondcal Loresight on the “sideo
camera was set to roincide the LF radar
boresight for field measurements.

4. Target Signature Measursments

"'ar%:t sigratures were mea sured at the
US Army M Target and Seekar Measure-
ment Facility which includes a stable tower and
a seif-pronelied mobile tumtable. The tower has
a 9x5 m laberatory at a height of €1 m and a 3x2
m iaboratory elevator that can be stopped at var-
lous heights. The measuremerits reported hera
were made with the radar in the tower elevatcr
about 61 m above ground level. Tha radar was
gsiﬁoned in tront of an opened eley ator window
allow an unobswucted view of the targat

The target was mounted on the mobile
tumntable that was positioned about 115 m fzom
the base of the tower. The tumtabie platiorm
can tilt up to 45 deg and rotata continuously
from O to 360 deg about an axis normai to the
plattorm. The rotation rate is variabie from 0.5
to 2.5 deg/s. Quasi-continuous data on the turn-
tabie tilt and azimuth angles were transmitted to
the radar ground station for recording.

Efforts were made to shield the tumtable
as much as ible o prevent spurioiis reflec-
tions. Stan US Army Diamond/Hexagen

ge netting (for frequencies up to about
+00 GHz) and radar-absorbing materia! were
used. Some measurements were made to
determine the magnitude ot any spurious reflec-
tions from the turntable or ground that affect the
target signatures. The total retums from the
screeninn rrts and from sidalobes were typically
~5 G mygrtass. Reflections f&m the turntabie
v vere —10 to -15 dBsF. The turntable
. as far as possible ¥om trees in the
frea, significant prot %m was encoun-
tered duriig

the course of the measurements
due 10 radai scattering from trees.

A meteorological station was not available
&t the site, but a statior -“as located at tha
Redstone Arsenal base. Weather data were
obtained on a daily basis throughout the period
during which measurements were made.

The measurements of the target signa-
tures were made at various radar depression
:gos. For each radar depression angle tho

r was boresighted on the center of rowation
of the target. The turntable then was rotated at
its slowest rate (0.5 :) whiie data were col-
fbr?:d with the radar e v;'tm mlesian lens.

radar was operated in the pulse-to-puise
polarization switching mode with 64 frequency

steps of 10 MHz each. Each data buffer
includes the s&g\ﬂl returns for 128 transmitted
pulses where the transmit polarization was
switched every pulse and the frequency was
steppad every other gulse. The basic data were
tken at a 10-KHz PRF but only every other data
bulter was recorded due to recording system
limitations. The target rotates 0.006 deg during
orie gata buffer. Tha target data are accumu-
lated for 370 aeg of rotation of the turntable so
that there is soma overlap in the data. The
turmitable position is recorded a with the data
ang is inserted into tha co-boresighted video
camera data stream. A typical 12-min data file
containg 85 Mbytes of data before calibration.
Afher calibration the data can b3 processed fur-
ther and used for various purposes.

Measurements were made on various
armored vehiclas, including the Soviet BMP
infantry combat vehicle shown in Fig. 4. Polar
plots of the polarimetric RCS's for the EMP and
with the radar at a 45-deg depression angle are
presented in Fig. 5. The data were sampled
every 0.5 deg and averaged over 64 frequencies
to generate the piot. The RCS's in dBsm were
used to compute the averages. It is apparent
thet the RL and LR golar plots are almost identi-
cal, as they should be theoretically. The RR and
LL pair are very similar, but there are some
small differences. Table 6 shows some compar-
ison RCS statistics for the BMP vehicle at 30-,
45- and 60-deg radar depression anglos. The
RCS data for target azimuth ang'es between 0
and 360 deg were averaged for each frequency.
All data points were used to obtain the averagse;
that is, the average sample interval was 0.01
deg. The resulting single-frequency averages
then were averaged across the frequency band.
included with the bandwidth averages for com-
parison is the azimuth-an%le-avera ed RCS at
one paricular frequency (95.3 GHz).

't is seen in Table 6 that the RMS devi-
ation for the single frequency average is much
iarger than that for the bandwidth average of the
mean for each of the frequencies. An explana-
tion of this resuit may be the followinq. The
target can be viewed as a complex array of
scatte ars that appears to be different to the
radar after the target has rotated through a small
angle. When viewed at a single frequency the

s independent sats of scatterers interfere
diffsrently, and there is a relativ e stan-
dard deviation from the mean RC. ue. As
the frequency is changed each membar of the
independent set of scatterers also interferes dif-
ferently, but there is a degrec of correlation
when the whole (0 to 360 deg) set of scatterers
is viewed at the different frequencies. Appar-
ently the 64 10-MHz frequency steps are suifi-
cient for the data to exhibit this correlation, and
the result is the smaller RMS deviation in the
average of the mean for each of the frequencies.

The calibrated monopulse sum and differ-
erce channel data can bu used o generate
HHR profiles that dieplay both the HCS
amplitude and the elevation- and azimuth-angle

mforesdwra:?esubcoﬂ. These HRR pro-
files for the BMP at a 90- deg azimuth angle (left

L W o U -
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broadside) and a radar de_Pression angle of 45
dag are shown in Fig. 6. The profiles were
g:aantarated by doirgg a 64-point FFT on the cali-
rated sum and difference channel data. The
ditference channel angle errors were generated
using the calibrated ratios in the look-up tables
derived from the monopulse re se patterns.
The plots are for an average of 84 ramps of data
and e @ resolution is 0.23 m. HRR
files shown in Fig. 6 are for the RRand L
tions. The LL and RL profiles are similar

thoe RR and LR plots, respectively, and are not

presented here.

Fi{ 8 shows that the RCS profiles for the
RR and LR polarizations have a similar extent in
range, but otherwise they are quite different.
The piots for the azimuth and elevation-angle
differences show the angular location for the
effective single scatterer in each range subcell,
and these values also are ditferent for the copo-
larized and cross-polarized radar retums. This
gg: of data m:} be quite useful for

tion, identification, and tracking of a tar-
get in a MMW polarimatric monopulse seeker
application.

The measurements also allowed the gen-
eration of ISAR ima%es of the target, and typical
ISAR images of the BMP for RR and LR
polarization are shown in Fig. 7. The target
azimuth angle was 90 deg (ieft broadside) and
the radar depression angle was 45 deg. The left
side of the target is to the left in the images, and
the front of the target is at the top. The ISAR
images were created by computing a two-
dimensional FFT of 64 sets of frequency-

data for the sum- and elevation-angle
channels. The tolal rotation of the targst during
the data-taking time ‘or the ISAR images was
0.812 deg. The downrange resolution for the
images was 0.23 m and the cross-range reso-
lution was 0.15 m. The sum channe! ISAR
image shows the RCS amplitude associated
with each of the radar resolution cells of 0.23 x
.15 m, and the elevation-angle-difference ISAR
image shows the angular location above and
below the @ of the sum channel ISAR of the
eoffective single scatterer associated with each
resolution call. 1t is evident that the monopulse
elgvation angie data provides the third-
coordinate information needed for construction
of a point-scatterer model of the target without

geometric modet

o

recourse to a of the target.
The shown in Fig. 7 use the same
set of data were used to generate the HRR

profiles of Fig. 6. It can be sean that these HRR
profiles and ISAR images are quite consistent
with one another.

8. Conclusions

A detailed iption has been givan of

30-5

phase accuracy tu 4 deg across a 630-MHz fre-
quency band.

Polarimetric monogulse radar target signa-
ture data fur a Soviet BMP infartry combat
vehicle wore presented to show the capabilities
of the radar. The fully polarimetric RCS polar

‘ots for the BIMP showerd tnat the LR axd RL
CS's are virtuailv the same ‘as they should be)
and those for RP. and LL are very similar.

The RCS amplitude and the azimuth- and
elevation-angle-difference HRR profiles of the
et also were presented for RR and LR polar-
izations. It was indicated that distir.ctive fea-
tures and differences in these protiles may be
useful for classification, identification, an
g:ddng of a target in a MMW seeker applica-
n.

Standard ISAR imaging technic‘uas were
used to generate two-dimensional polarimetric
images of the BMP target. These image s were
presanted along with the corresponding golari-
metric ISAR images of the elevaticr angle differ-
ences. It was pointed out that the
elevation-angle information in the monopulse
channels provides a third dimension to the
images which can be very useful for the genera-
tion of point-scatterer models of a target.

In conclusion, the instrumentation radar
described in this report has been shown to be
capable of providing target signature data of var-
ous types that may prove useiul for the evalu-
ation of target detection, classification, and
identification algorithms and for the generation
of target medels.
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L
Figure 1. 95-GHz polarmatric monopulse radar.
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! Figure 2. A simplified schematic of the 95-GHz polarimetric monopulse radar.
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TABLE 1. BASIC FEATURES OF THE RADAR SYSTEM

« Frequency: 95.0 GHz

« Two-coordinate amplitude-comparison monopulse
« Polarization agile: RHCP/LHCP or V/H (selectable)
+ Coherent and wide bandwidth

« Froquency steppable: 64 10-MHz steps

* Peak power. 45 W

* Pulse width: 100 ns

* Pulse repstition frequency: 10 kHz

« Antenna beamwidth (one way): 1.5 to 5.2 deg (selectable)
« Receiver IF bandwidth: 30 MHz

* Receiver noise figure: 8 dB

+ Dynamic range (amplitude): 266 dB

» Data recording: 16 channels for each pulse

TABLE 2. REFLECTORS IN TARGET ARRAY USED FOR CALIBRATIONS

Reflector Range to
_ No. Reflector Type RCS({dBsm) Radar (m)
1 Dihed (45 °) 20 99 i
2 Dihedral . 23 119 A\
3 Gridded trihedral 14 139
4 Trhedral 30 158

TABLE 3. FREQUENCY-AVERAGED RCS (dBsm) FOR CALIBRATION REFLECTORS

Reflector
Type Receiver Om On Cn o
Dihedral Linear 23.020.1 -1512 -1542 23.440.1
Log 23.0£0.1 ~713 -714 23.1£0.1
Trihedral Linear 514 300403 30.0£0.3 414
' Log 4:@ 30.0£0.1 29.9+0.1 0t4
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TABLE 4. SINGLE-FREQUENCY PHASE (deg) FOR CALIBRATION REFLECTORS

Reflector Type o n hn L
Trihedral T 29013 29013

Dihedral 35012 3_‘7t3
Gridded trihedral 11514 '11214 11314 » 10714

TABLE 5. AVERAGE PHASE DIFFERENCE (deg) PER FREQUENCY STEP FOR
CALIBRATION REFLECTORS

Refector Type Ao Adw My - Ay

Dihedral (all pairs) 1221 1211
Dihedral (one pair) 1444 1413
Tribedral (al pairs) 223+2 223+2

Trihedral (one pair) 23+4 23+4

Gridded trihedral (al! pairs) 1302  130+3 130+3 130+2

Gridded trihedral (one pair) 1295 13016 1305 1326

TABLE 8. AVERAGE RCS (dBsm) FOR A SOVIET BMP OVER 0 TO 360 DEG
AZIMUTH ANGLES AND FOR VARIOUS RADAR DEPRESSION ANGLES

Type Average  Dep. Angle Cpn Ory, Cin Su

Bandwidth 30 80:02 72+08 ?72:08 81102
45 79+ 02 74108 75108 7.910.1
60 78101 76+08 7.7:+06 78102

Single Freq. 45 8.0+59 69159 7.0:60 8.1159
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DISCUSSION

G. Neininger, GE
Niuminaing a target like a tank at apg:eximatcly 200 meters there will exist probably more
than oue scatterer within tne detection area. s this not confuse the monopulse comparator?

Author's Reply

If one docs a high range resolution image, with range resolution of 23 meters, the
monopulse channels can give angle information versus range, thereby separating some of the
scatterers. If there are two scatterers at one range the monopulse channel will give the composite
scattering center. However, by doing the ISAR processing, this ambiguity can be resolved.

E. Schweicher, BE ' :
GH? You me.tnned a 45 W peak power. What kind of solid-state transmitter did you use at 9

Auther’s Reply
The transmitter uses injection locked impact oscillators. The final stage has a 40-diod
power combiner to get the 45 watts and the 640 MHz bandwidth. :

U. Lammers, US ‘
What kinds of phase excursions did you get due to tower sway, and at what rate did you
have to compensate for them?

Author's Reply

For moderate wind conditions less that 10 mph, phase variations due to tower motion were
sbout £ 15- 20°. This consisted of a slow variation < 1 Hz and a § Hz resonance. 1 have not
looked at this in detail, but we have compensated for this when calibrating the data. The
compensation is done ramp by ramp where a ramp of 64 pulses at each polarization stepping
frequency 10 MHz per pulse sequences 12.8 ms. The total sample rate is 40 Hz.
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