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1.0 INTRODUCTION

P
A

o

This is a report on a preliminary design of a Synthetic Array Radar
(SAR) intended for experimental use with the Space Shuttle crogram that will

5 ALl G s pis sy

be operated during the 1980's, The radar ia called Earth Resources Shuttle
Imaging Radar (ERSIR). Its primary purpose is to determine the usefulness
of SAR in rmonitoring and managing earth resources, This rzport describes

the design developed for the ERSIR, discusses tradeoffs made during its

b i A b

evolution, and indicates design questions that are still {o be resolved.
ERSIR consists of a flight sensor for collecting the raw radar data

and a ground sensor used both for reducing these radar data to images and

for extracting earth resources information from the data. The flight sensor.
consists of two high powered coherent, pulse radars, one that operates at -

L and the other at X-band. Both are dual polarized., The transmitted power
at L-band is 200 watts and at X-band it is 500 watts. In order fo incorporate
méximum simplicity into the flight sensor, the receiver output nigral is con-
verted to digital forn: aad then recorded with various ancillary signals after

a few data operations directed at maximizing the efficiency of recording.

2L i At TN S 0l A i 0

Data on the tape can be either transmitted via a digital data link to a ground

" terminal, or the tape can be delivered to the ground station after the shuttle
lands. In either event a data tape is the source of input to the ground system,
where the data are first processed to form calibrated images on both data
tape ‘and film. Extraction of earth resource data from the tape data is
facilitated by a wide variety of operations available to the experimenter for

.. ety L Lot
RIS SHTaiadss 3

analyzing the radar images.
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OBJECTIVES AND COMPROMISES

During the evolution of this design, much attention was given to the
needs of the experimenters who will use it. Counsel was sought from those
knowledgeable in geology and.agriculture as well as from those knowledge-

able in the application of radar to these fields, Also advantage was taken of

t’he‘Microwave Sensing Survey reported in JPL's Shuttle Imaging Radar Study. *

All helped in determining frequencies, polarizations, resolution and calibra-
tion goals. By the time Hughes entered the ERSIR program, goals for swath
width and vertical look angles (angle betweon radar beam and line-éf-sight)
had already been established. Very little outside information was available
on the amount of diversity needed, i.e.,, how many independent samples of
the power of each resolution cell are'needed. The question was resolved
mainly on the basis of Hughes own studies of diversity; similarly questions
on image quality requiiements were rescived primarily on the basis of
Hughes own experience,

. Aside from these inherent characteristics of the radar data to be
collected, user needs related to the processing of this data must be con-
sidered in-the design, Certain of the processing requirements are obvious, .
such as the need to record image output on data tape and the need to process
the data in reasonably short times, Other requirements are not so obvious,
These fall mainly into the category of processing flexibility including such
considerations as the kinds of operations that experimenters would like to
perforra on the data, | _

The overall approach to the EESIR design was to come as close as
technical risk and cost would allow in satisfying what were seen as the totality
of experimenter needs. Where knowledge of user needs was uncertain, as
for image processing, requirements that appeared most reasonable were
suggested.

‘As this design developed, attention was given to the demands placed
on the Shuttle and its payload of experiments. The princi;;a'l direct effects of
EREIR on the Shuttle are those which relate to payload weight, prime power

loading, vehicle drag, and expenditure of reaction control fuel,

*Shuttle Imaging Radar Study, System Definition Report, J.G. Mehlis
and E.A. Cohen, Aug. 5, 1974, Jet Propulsion Laboratory,
Pasadena, CA,
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The relationshib between weight and prime power is inverse., The
trade-off was resolved by minimizing SAR prime power while considering
other constraints; this forced the total SAR weight up to 1094 kg. From the
shuttle standpoint this appeared the moast satisfactory approach.

Shuttle drag and reaction control fuel expenditure were both increased
slightly in favor of simplifying the SAR space and ground units; the penalty
imposed on the Shuttle system seems small. During ERSIR operation the
shuttle flies sideways, in an orientation that produces maximum drag (Fig 1-1).
This is in contrast to nose. first orientation, in which its longitudinal axis and
velocity vector are aligned, an orientation that incurs minimum drag. This
slig‘htly increcses the Shuttle's hourly loss of velocity (Table 1-1), but it
reduces the complexity and cost of the ERSIR antenna deployment mechanism.

Also, during ERSIR operation the Shuttle reaction control system uses
the payload inertial guidance unit as a reference for attitude control, to keep
the antenna pointing within about 0.3 degrees (20) of the required direction.
This requires the reaction control system to expend fuel at a greater rate
than otherwise, but greatly reduces the complexity of the ground system
processor. Also, this assumes that the ERSIR design includes a resolution

of about 25 m x 25 m. Should the resolution be significantly reduced, tight

control of beam point may no ionger be justified since processor simplifica~

tion will have been precluded by the finer resolution itself.

-
.l

TABLE 1-1. ORBITAL VELOCITY LOSS PER HOUR

Shuttle Velocity Loss Per
Flight Direction - One Hour.(km/sec)*®
Sidéway;s . -4
(Z-akis vertical) - Z.5=x10

Nose forwaxd 5
(Z-axis vertical) 7.2 x 10

*Reference: Space shuttle system payload acrammodations,
page 3-33
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Figure 1-1. Orientation for radar survey (s-ideways flight).

Compatibility with other experiments was also considered in
establishing the ERSIR design; the interference of ERSIR with other experi-
mental equipment in a common Space Lab payload was to be the minimum
compatible with the allowable technical risk and cost., The principal con-
sideration here was the method of deploying the ERSIR antenna structure.

This includes both the extent to which it is deployed and also its final orien-
tation., The ERSIR baseline design calls for the minimum deployment that
will allow an unobscured view of the ground from the other pallets while the
shuttle is in inverted flight, If the ERSIR antenna is reduced in length to about
7.5 m, and the obscuration of another pallet were permitted, then cost and .

risk of antenna deployment could be reduced.
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SELECTION OF FREQUENCIES

It appeared that one uger would ha;re need for frequencies extending
from UHF to K,-band; it also appeared that the inclusion of four band fre-
quencies UHF, L, X and K, would satisfy all user needs, Initially it was
attempted to include three of these frequencies, UFH, L, and X-bands, in a
single design. Because of limitations placed on the available aperture by the
size of the Spac.: Lab's pallets and the Space Lab's internal launch envelope
it was necessary for the L. and X-band antennas to look through the UHF
antenna, The maximum aperture height available was three meters (possibly
plus 10 percent), while to attain the desired swath widths and vertical look
angles, the L and X-bands together used all this available aperture heigﬁt.

In consequence, it was necessary to overlay the UHF antenna on the com-

bined L, X band antennas. While this was possible, the development was

considered costly; moreover it involved a moderate amount of technical risk, -

since it required folding the combined antenna system for stowage. For
this reason UHF was not included as a pr'incipal frequency; if it were to be
incorporated, it would be flown separately from an X and L system,
Ky-band was included, at this time, for a different reason. To pro-
duce information significantly different from X-band it would need to be
significantly'r higher in frequency than the X-band, which is 9.0 GHz. This
means a frequency of at least 16 or 17 GHz. Fabricating the long antenna
arra..y needed for these frequencies (at least 6 m) requires special shop
techniques for maintaining tolerances on flatness. Furthermore, because
o'f' the shuttle's thermal environment, maintaining this flatness requires a
more difficult and higher risk design than for X-band, Another disadvantage

of these higher Ku-band'frequehcies is that they may need greater transmitter -

prime power for the same signal-to-noise ratio, when mapping diffuse type
sc:;tterer's, such as wheat fields, under moderately adverse propagation
conditions, An example is the presence of low stratus clouds without pre-
cipitation. Increasing the ERSIR baseline X-band frequency to 16 or 17 GHz
would require increasing the system prime power by roughly 4.4 kW, There-
fore, early in the program, prime power, technical risk and development

cost were recognized as the main reasons for not pursuing K,-band (16 GHz).

1-5 : -




Later in the program a point was made that L and K,;-bands would be
preferable to L. and X-bands for making agricultural measurements, It was.
noted that even 13 or 14 GHz would be preferable to 9 Hz, because back-
scattering of plant biomass is more sensitive to the higher frequency, Fab-
rication of the antenna for this frequency is about 30 percent higher in cost,
but presents no significant increase in technical risk. Although the base line
design of ERSIR continues to be L. and X bands for reason of continuity of
effort, the X-band could be changed readily to K,-band (13 GHz).

RESOLUTION AND FREQUENCY SELECTION

- The baseline resolution of 25 m x 25 m, measured in ground coordi-
nates, sti‘ongly influences the complexity of the required ground processing,
The baseline design includes ground processing that is moderately complex,
primarily because of the need to do range closure compensation for L-band
on the ground instead of before recording. If, however, the L-band ‘re-
quency were increased from 1.04 GHz to 2 GHz, then probably range com-
pensation could precede recording, This change would simplify the ground
processor considerably and should be incorporated into the ERSIR design if
possible. )

A secondary ground resolution capability of 12.5 m x 12.5 m is also
available with the ERSIR at this time. It is secondary because the system
records full swath widths for oniy the 2;5 m x 25 m resolution, and the ground
processor capacity for mass data reduction is sized to accommoda‘.te thig
larger resolution, .A swath with width of 45 km can be recorded in the 12,5 m
resolution mode, Although with the appropriate software the system can
reduce ihe 12 m resolution data, the program will be more complex becauée
of the wcreased r'anée\ closure conlpiexit_y; for a given terrain area the data

reduction time will be roughly 16 times greater than for 25 m resolution, -

CALIBRATION - .

For some applications, such as agricultural crop assessment, the
average radar backscattering cross section (o,) must be measured with

considerable acruracy; consequently radar calibration must provide for all

1-6
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the radar parameters which effect that measurement, In this study
calibration errors were categorized in terms of their long term companents
(highly correlated over several orbits) and short term components (highly
correlated over only 10 km or 20 km). Goals that dppear realistic in terms
of hardware performance have been 2et for each. Short term and lc'ang term
error goals are each 1,8 dB with a 95 percent confidence, The RMS error
goal is 2.6 dB.

The appropriateness of these goals should be reviewed by user groups, -

DIVERSITY (NUMBER OF LOOKS)

Position diversity is used in the ERSIR design; every resolution cell
is looked at by four different synthetic array beams as the Shuttle sweeps by
(see Figures 1-2 and 1-3). These four looks are nearly independent when

he resolution cell containg a diffuse backéfcatterer such as a wheat field, or
plowed ground, The.imagery resulting from thece four looks consists of
four maps which can be averaged together, or in any way desired by the
experimenter, ’

A logical quesiion is: "Why not use the totality of recorded radar
data to obtain a smaller azimuth resolution?” This can be done; but with
a significant increase in complexity of the ground processor software, If at
a later time it is decided that a finer azimuth resolution is desirable only a

change in the ground processor goftware will be needed,

DESIGN ALTITUDE AND COVERAGE

. The design altitude for ERSIR operation is 200 km, but it will per-
form acceptably up to 400 km. At the design altitude, a swath havinga
width of up to 85 km can be mapped, and this swath can be offset anywhere
from 35 km to 365 km' from the ground track (see Figure 1-4), The vertical
look angle of the inner edge of the minimum offset swath is 10 degrees, and

" that of the cuter edge of the maximum offset swath ie 60 degrees,

1-7
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0.15° (X-BAND} | l |
13° (L.BAND) |

\

TERRAIN FLOW

Figure 1-2, Single look synthetic array beam
(25 m resolution),
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Figure 1-2, ERSIR four look imagery.

200 KM

- Figure 1-4, Geomutry.




ERSIR SPACE AND GROUND SYSTEMS

In ERSIR the raw radar data is recorded digitally in-flight and
converted into images on the ground. (see Figure 1-5), Raw radar data are
collected simultaneously at X-band (9.0 GHE=) and L-band (1.04 GHz), and
at each frequency, Vertical and horizontal polarization data are recorded-
separately. Either vertical or horizontal polarization can be selected for
transmission at each frequency. Consequeatly, either an L-band combination
of

L

VH and LVV' or LHH and LHV

plus, an X-band combination of either

X and X X and va

VH vv °F Apy

.can be selected, After these raw radar data are converted to images by

the ground processor, maps will be made for each combination. For example,
if raw data were simultaneously collected for LV-H. LVV' XHV' and XHH
then there would be maps (images) for each, More specifically beczuse of
diversity there will be: four maps at Ly four maps at Loy four maps
at va' and four maps at XHH' a total of 16 maps. Each of these maps
will be the same swath, .

_One of the important ground system design questions that needs

answering is: How precisely must the different maps bé registerad? ~That is,

> ON BOARD

DISPLAY

X AND L ___] .

ANTENNAS | "--BAND

y— RADARS
GROUND
DATA
-~=1 FROCESSING
>— | RECORDER SvSTEM

Figare 1-5. Imaging radar for the space shuttle.
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how precisely must experimenters align the resolution cells of one map

with those of another? Most likely, for the four diversity looks (maps)
within a single frequency-polarization combination, the resolution cells
should be matched (registered) so that corresponding looks at the sa.me
ground cell are identified. This is a straightforwazd processor opex;ati‘on.
Further, the 8 maps of both polarizations can be registered at the sams time,
Registration of the L-band and X-band data is still straightforward but more
complicated. -

Raw radar data can be transferred from the Space Shuttle to the .

Ground System by either a digital communication link, or by moving the
tapes to the ground site after Shuttle landing. In the ERSIR design, sufficient
tape is carried for recording four hours of full radar cperation. The weight
cost is 176 kg (22 reels of'tape). This storage capacity can be reduced-to
the extent that communication capacity is available, Although at full opera-
tion rate at which data enters the recorder is 260 Mbits/sec, the recorders
can be slowed by a ratio of 10:1 to provide communication channel input
rates as low as 26 Mbits/sec. ] .

' The Ground'System forms the images, and records them on both data

tape and film. It also provides a mears for i.nalyzing the data.

SUMMARY OF ERSIR PARAMETERS AND PERFORMANCE

A summary of the ERSIR baseline parameters-i's"'give\n in Table 1-2.
A summary of coverage and image quality is given in Table 1-3,
Resolutions as fine as 6M are specified there, although, 25M is indicated as

the design resolutions. ‘The distinction between primary and secondary resolu-
" tions has been made previously. It should be added here that a 6 mx6ém

resolution is available only incidently, as the required tranamitter and

_receiver. bandwidths are needed for achieving the 12.5 m x 12.5 m resolution

at the small vertical look angles (10 to 20 degrees). - This, of course, means
that the 6 m resolution is available for only the larger vertical look angles

(30 to 60 degrees). Also, in the 6 m resolution mode swath widths are-

"limited to 22 km by the available proces_sor short term storage.

11 .
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TABLE 1-2. BASELINE PARAMETERS
Radar
Characteristics X-band L-band
Frequency 9.0 GHz 1.04.GHz
Transmit polarizations VorH VorH
Receiver polarizations V and H V and H
PRF range, Hz 120C-1800 1200-1800
Transmitter average power
out, watts 500 W 200 W
Transmitter peak power 17 kW 6.8 kw
Antenna azimuth beamwidth | 0. 150 1.3°
Elevation beamwidth 6.39, 9.4°, 18.9° | 6.3°, 9.4°, 18.9°
Total antenna aperture,
height x length g 3M x 10. 7™M
Total system weight iZ?l kg

(including 22 tapes)

TABLE 1-3, COVERAGE AND IMAGE QUALITY SUMMARY

FOR BASELINE

Resolution.

(12.5 m resolution)*

Minimum signal to total background

noise

Look angles from vertical

Range offsets
Swath width .

Number of looks ’

6 m to 25 m¥*

Minimum signal to thermal noise . 8 dB

75 km_to
to 85 km

4 at 12.5m and 25 m"

latém

Dynamic range {image on data tape) 50 dB

-21dB = o = -10 dB

7 d2 (full swath).
~ 8 dB (middle awatn)

© 109 te £0°

365 kin

*Design resclution is 25 m
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Total background noise in the "minimum signal-to-total background
noise’ consists of all the noise sources contributing to the noise appearing

in the image, It includes these sources:

receiver thermal noise

analog-to-digital converter quantization noise
SAR filter integrated sidelobes

range pulse compression integrated sidelobes
range PRF ambiguous noise

azimuth PRF ambiguous noise

transmitter noise

For a fixed swath both the minimum signal-to-thermal noise and the
minimum signal-to-total background noise appear at the swatch edges; in
»pa':ticular, the minimum signal-to-total background noise of 7 dR and mini-
‘mum signal-to-thermal noise for 8 dB is used in defining swath width, Thus,
the swath widths called out in this report have at least these characteristics
throughout the swath. The "middle swath'' referred to in Table 1-2 is specif-
ically the middle-third of the swath,

1-13
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* Ground processing functions are discuczsed in Section 2,2

2.0 FUNCTIONAL DESCRIPTION

2

2.1 SPACE SYSTEM FUNCTI!ONAL DESCRIPTION

Space Sensor Functions

The space shuttle imaging radar is the active seasor link between
various areas on the earth's surface and the ground processor system. The
combination of space and ground processors furnish the user community with
information on earth resources. experiments and surveys., The space sensor

-carries out ithe following functions:

Illuminates selected terrain swaths
- Pre-processes the reflected esnergy
Records the raw data :

e © 0 O

Produces an on-board display of the scene

L]

"The space sensor is configured for dual frequency, dual polarization,
and multi-look terrain imaging. i-‘igure 2-1 illustrates the use of 2 planar
array antenna in space for iilumiaating the swath by means of multiple beams
that form multi-look images';‘ Two antennas, one at X-band and one at L-band
illuminate the terrain with either vertically or horizontally polarized energy.
Four antennas are uged for receiving, as shows in Figﬁre 2-2,

The space sensor pre-procesgsses ground reflected aignals irn the
four recciver channels and records the r aw sensor data for subsequent
tranamittal to the ground processing system. Cross-polarized signal data
(VH or HV) are recorded for e-<h band. This supplies information on depo-
larizing characteristica of the terrain,

e 2.1
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Figure 2-1, Multi-looks and

signal-to-noise,
1 —«f ONBOARD
\ DISPLAY
> xanpL
ANTENNAS 8AND
)—{ RADARS —
GROUND
DATA o
— RecORpeR |-~1 PROCESSING
. SYSTEM

Figure 2-2. Imaging radar for the
space shuttle, .

An on-board display presents passing scene‘ imagery of the selected
swath for one of the four receiver channels, This opi:iona.l feature makes
possible one display of single channel imagery with an unfocused resolution
of about 100 meters (X-band) to 200 meters {L-band). This may be compared
with simultaneous four chaanel, 12.5 meter imagery (25 meters baselire
design) processed on the ground, ’ '

The space =2ensor is basically a simple assembly of the two dual-
polarized radars with data buffering and recording, Figure 2-3 shows the

principal units of the Laseline design, which includes the optional on-board

2-2
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POLARIZATION )= )
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X BAND RADAR
VEATICAL
POLARIZATION )- et
. SPACE >
[¥lconneLaToR DispLay
am
CONVERTER
L-BAND
HORIZONTAL DIGITAL TAPE STORAGE
POLARIZATION )l =my 2 RECORDER Lo, pata LINK
Lsao BUFFER
_ rpyed o STCRE Ly swirching
vearicat FORMATTER X TAPE STORAGE
LARIZATION )=t —b DIGITAL
RECORGER Lp, bATA LINK

Figure 2-3. Principal units of ERSIR baseline design,

display. The two recorders may be used alternately to provide continucus
data acquisition. One recorder can store data, while the other is employed
for data link or both may be used simultaneously for data storage at a higher
rate (260 MB's).

The space sensor functions fall into two broad categories: (1) func-

. tions which relate primarily to swath selection; and (2) functions which relate

primarily to swath recording.

The Swath Selection Process

The swath selection process involves functions which determine |
antenna vertical position, antenna beamwidth, swath resolution and image
quality. These functions are interzelated and the sensor is designed with
sets of mutually consistent parameters to produce imaging of the designated
swath with the designated svrath resolution (25 meters, nominally), and with
acceptable quality. Accordingly, the 2ntenna is designed to permit selection
of one of three available vertical beams: a broad beam for wide swath cover-
age (to 85 KM) near nadir, an intermediate beam (9.5 degrees) for inter-

mediate offset ranges and a narrow beam (6 degrees) for imaging swaths at
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large louvk angles. Geometrical and resolution characteristics involved in
the selection process are illustrated in Figure 2’-4.

The resolution characteristics of the selected swath are determined
'by the bandwidth of the transmitted waveform. For a fixed short range
resolution, rg, the resolution rgy varies across the swath, rg is related
to the transmitted waveform bandwidth by the following: ’

r

C/2B = 150/B meters ' . ©(2-1)
Ty = rg cscP meters . ) (2-2)

where

C is the velocity of light
B is the waveforn. bandwidth (MHz)
p is the look angle.

The block diagram in Figure 2-5 shows major SAR space functions.
The prf and pulse duration of the transmitted waveform determine the aver-

afe power (500 watts at *i-band, 200 watts at L-band}; the resolution ie

2

f5: SLANT RANGE RESOLUTION, i
BANDWIDTH 8 - 150/ry, MHz

. ) AR
ALTe . - 30 ?' m
200 KM \’¥ \ . ' ’
- > - 1~ 21.9m
‘ ) *?%\ -2
' . e bV \1 TR
. e L +~
200 300 - 400
OFFSEY, kM

Figdi-a 2-4, Resolutions and bandwidths vs swaths.
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provided by the pulse compression bandwidth B in equation 2-1 above, The
wavefo m selections are based upon two image quality considerations:

(1) signal-to-noise ratio (pulse duration) and (2) range and azimuth ambiguity
suppression (prf and vertical beamwidth). .

The receiver channel bandwidth is also a factor in thc selection
process, The appropriate bandwith is obtained by selecting one of seven
filters before A/D conversion., The available bandwidths bracket the 6 co
27 MHz range required for 25 meters resolution at look angles varyinyg from
159 to 60°, :

The Record Process

The following list of spa.::e sensor functions relate primavily to the
record process: (1) antenna beam pointing in azimuth; (2) calibration;
(3) range contour AGC ard A/D conversion and (4) buifering.

The A/D and buffer in Figure 2-5 link the radar signils to the data
recording process. The buffer conserves bandwidth and ti'ne to make the

data recording process efficient. This is possible with ruw data for maulti-

' look imagery because the time interval between successive prf intervals of

data is large in comparsion to the time delay interval of the swath width:

.

- . . _C
Tp' 2 prf

where Af_(s £ ARg sinf; ARg is swath and AR is the corresponding slant -
range interval, P is look angle, The buffer expands the raw data to fill the
interval 'I'p. resulting in a stream of uniform, closely paci<ed data for the
tape recorders. The multi-look ground processing precludes presumming
because the prf is not large in comparison to the SAR data bandwidth,
Range contour AGC ard the A/D conversion functions contribute to
the efficiency of the recording process and to dynamic range performance. '
With the contour AGC function, the data are recorded at 5 bits IQ yet retain
a dynamic ranye that is equivalent to 8 bits, .This is done with the help of a
digital AGC technique, The range swath is divided into segments of 1 to
10 KM and for each receiver AGC is applied independently to each segment,
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Tae resulting AGC profiles are encoded with the 5 bit (IQ) data stream. The
ground processor employs an AGC inversion process to restore thc equiva-
lence of 8-bits (I,Q) dynamic range {See Section 4. 2).

The space sensor provides calibration data for the ground processor
to help make its operation accurate and its measurements meaningful, The
data comprise critical parameters {3r transmitter power, receiver gain,
and sensor noise level, These data are recorded and transmitted to the
ground proceasing station with the raw radar data. Programmed calibra-
tion routines are supplied for this pirpose. In addition, the calibration
function includes built-in test continuous monitoring as a normal routine that
maintains and up-dates transmitter pdwer and receiver gain calibration data,
Updating the receiver AGC calibration is important because receiver AGC
changes during the data acquisition process to accommodate signal level
changes of a general nature, such as occur when crossing seas, lakes and
land-water boundaries,

The calibration facilities use replicas of the transmitter waveform
both to provide parameter data used in calibration and for continuous moni-
toring. Data are provided on waveform as well as the mean value of receiver
gain, Parameter data for estimating sensor noise are provided by special
calibration routines established for that purpose (See Section 4. 4).

The accuracy of azimuth beam pointing simplifies the ground proc-

‘esgor, reducing its cost and increasing its rc¢liability, The antenna is

positioned near an optimum azimuth angle, which results in minimum range
closure compensation,

The azimuth beam pointing function uses the IPS (inertial pointing
subsystem) to provide a stable and accurate antenna azimuth position, which
is dotermined by the Spacelab attitude. The result is a simplification in
ground processor requirements, saving the expense of more complex ground
processor equipment, The IPS Antenna beam pointing function stabilizes the
antenna near an azimuth position which results in minimum range closure
compensation,

With the IPS, expected accuracies are +0, 3° degree or better and
this accuracy satisfies the requirements for a single range closure compen-

sation per swath (L-band; single look at 1 GHz and four iooks at 2 GHz). The
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requirement for doppler compensation at X-band is also simplified. (See
Section 4.4,)

2.2 GROUND SYSTEM FUNCTIONAL DESCRIPTION

The purposec of the Ground System is to provide a diversity of experi-
menters with the kinds of SAR data they need and also to provide a means of
extracting information and developing techniques for data extraction. The
data output available for off-site investigation will be of two kinds, image
data tape and photographic copy. Both types of outputs will include calibra-
tion and navigationai indexing. The site data extraction mode is conversa-
tional. The experimenter can command the system to carry out operations
on the data that he specifies, observe within one or two minutes the result-
ing image or numerical results on CRT's, revise his specified operations,
see the new results, and so on.

In the ground system, images are formed first by digital correlatinn,
after which they are calibrated (Figure 2-6). Not all of the uncalibrated
image data is of the same qua’nty because it comes from different parts of
the real antenna beam; therefore, the data are indexed in the calibration
process acecurding to its estimated signal-to-noise rat_io. Navigational data
and identifying symbols are algo included. Once the calibrated and labeled

data is generated, it becomes an input to the computer and display units,

PHOTOGRAPHIC
* IMAGES

IMAGE
© e . . DIGITAL \
DAYA DATA
¥ o
Xy T(;——-D)
Xy s ey fe——o OPERATOR™N
SPACE Tn >!  PROCESSOR b=t 1{COMPUTER AND SELECTIONS
SAR _L_v____g syetem | Lv : DISPLAY UNITS A
“GEOGRAPMICAL,
TIME, AND
CALIBRATION
- DATA
CALIBRATION, .

NAVIGATIONAL,
HOUSEKEEPING,
AGC GATA

EMPIRICAL

\ % ESTIMATES EXPERIKENTS

Figure 2-6. ERSIR outputs.
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Whatever program has been read into.the computer for the particular experi-
ment at hand determines whether photographic images, CRT displays, or
additional processing will be applied to the imaged data prior to display, or
whether numerical estimates of image characteristics, such as the average
backscatter coefficient, will be made.

All 16 of the images of the swath will be registered so that experi-
menters can form new maps by combining individual resolution cells in
arbitrary ways, and in general carry out a wide range of empirical investi-
gation (Figure 2-7). This will permit performing niulﬁi-frequency. dual-
polarization experiments that can be carried out at present only with great
difficulty. ‘

Data Processor Function

The data processor, in tesponse to its input commands, first forms
the singl=-look calibrated inmage at each of the requested frequencies and
polarizations, and then does the post image processing. Post image proc-

essing ig controlled by thr. computer program read intc the computer for the

CRY AND PROTOGRAPHIC
ANAL YSIS AND
4-L00K PROCESSING GEOGRAPHICAL DAY/
(E G POWER AVERAGING)

LOUK NO. 1 -
N2 7 aoox
MICRO- - 0, ESTIMATE

4 LOOK
IMAGE
FORBATION &

REGISTHATION

4L00K
tAaGE
FORMATION &
CALIBRAYION

EPHEMERIS AND NAVIGATION DATA I

{ MULTI-FREQUENCY,
] DUAL POLARIZATION

MICRO-
AEGISTHATION

——

EmPIRIC AL
ANALYS:S

MICRO-

RMAT
ro 1108 8 REGISTRAVION

CALI3RAYNION

Figure 2-7. Principal functions of ground processes,
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experimeit at hand, and is limited principally by the amount of data
available, image quality, and the precision of multiple image registiration.
Oace the several single look images are formed, calibrated, and registered
an extremely wide range of processing options is available to the experi-
menter. For example new images can be composed from multiple images;
image enhancement can be applied to single images, Images cap be sub-
jected to spectral analysis and also o statistical analysis.

The formation of single-iook calibrated images is basic to all proc-
essiug donc on the raw radar data, This is carried out in two steps. First,
the uncalibrated image is formed, and tuen it is calibrated. After image
formation, the several images to be used in the experiment are registered

(terrred micro-registrations in the illustrations).

Uncalibrated Image Formation

There are several steps required in the formation of the uncalibrated

image, namely those listed below:

AGC inversion

SAR Beam and Real Ream Alignment
Pulse Compression

Correction for envelope closure

Determine and apply focusing

SAR filter formation (correlatizn)

All of the Input data required for these operations is recorded on the data
tape. In addition to the raw radar data recorded various ancillary signals
such as navigation and AGC Data also are included (see Figure 2-8), If
shuttle ephemeris data are available, they can be used witn the shuttle navi-

gation data to improve data quality.

AGC Inversion (see Figure 2-8)

In the shuttle, to preserve the maximum dynamic range of the radar
data with the minimum data rate, the raw radar data is scaled before it is
recorded, in an amount determined by the AGC voltage, Before any images
can be formed this scaling must be inverted, The amount of this adjustment
is determined by means of the ancilliary AGC data on the data tape,
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SAR Beam and Real Beam Alignment

The SAR doppler filters (SAR beam) must be centered within the real
antenna beam. To do this a clutter tracker locates the doppler center of
real antenna beam to within about five percent of its beamwidth, Clutter
tracking is done on the uncompressed raw radar data and before range closure
compensation, .
Once ihe main heam doppler center is determined, the SAR filters
are positioned symmetrically about this center. However first pulse cox;n-
pression, range closure compensation, and focusing must be applied to the
raw radar data (Figure £-9), '

Pulse Compressicn and Range Closure Compensation -

Linear chirp pulse compression and range closure compensation are
done in the same unit, which is essentially a digital delay line pulse com-
pressor (Figure 2-10), Range closure compensation removes the relative

range motion of a ground cell during formation of each synthetic array. For

REAL BEAM o -
OOPPLER CHIRP PULSE COMPRE
CLUTTER CENTER R ol QMPRESOR
TRACKER RANGE CLOSURE
COMPENSATION
{b) !
ﬁ" SAR FILTERS
: DOPPLER CERTERING -
GROUND

- CELL
SAR
ARRAY {9
LENGTH

SAR FOCL'S CCMPUTATION
=0

DETERMINE f OF
GROUND CELL

[

EPHEMERIS
AND
NAV DATA

FREQUENCY —D

Figure 2-9. Range closure compensation, aligning
SAR beams with real beam, and focusing.
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A

RAW
RADAR ——
DATA

SUMMER

COMPUTER PHASE
GENERLTOR

4R, RANGE CLOSURE
TIAE, v, ALONG R, RANGE RATE

SYNTHETIC ARRAY

Figure 2-10, Digital delay line pulse compression ard
range closure compensation.

each array, the cell energy rema2ins in the same sample position for each
transmitter pulse., Range closure compensation assures that at a given range,
a SAR Vdol‘aple'r filter (after pulse compression) continues, during an array
time, to receive energy from the same region of ground. If this were not
so, and uncompensated range clasure allowed ground cells to traverse through
the range interval of the given SAR doppler filter, then it would see only part
of the energy of any one ground cell, As a consequence of this range smear-

' ing of the ground cells, the spectral width of the cell would be broadened
(i.e., smeared). The result is a degradation of the azimuth resolution,
which becomes broader. ] ‘ )

Applying range compensation along a SAR beam requires knowledge of

the range rate. Range rate of a ground cell is a function of several factors '
inéluding: '

Shuttle velocity vector

Earth rotation rate

Latitude of ground cell

o 6 © ¢

Direction of ground cgll from shuttle
- 2-13
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The last of these could be critical and it may:be necessary to correct the g

payload beam pointing sensor (inertial measuring unit) with data from the ik
clutter tracker and radar range raeasuring unit, In any event the data listed i
above are available in the computer and are used to generate the range rate. ‘t .
A separate range rate is generated for each SAR beam; one value is sufficiently i
accurate for all ranges of each beam. . fl
The range closure compensation is applied in the process:er by range .

shifting the radar returns in the pulse compressor as the shuttle flies down ’(
the length of the synthetic array (Figure 2-10), Thke amount of range shift, AR, o
is computed by multiplying the range rate by th_e.timé to the synthetic array ‘l
center. The reference phase rotations, ¢;, which are applied to each of the e
radar samples along the digital delav line are selected to do both the pulse
compression, and the fractional part of this required range shift. The pulse : q
compressor range shift is specifically accomplished by translating the quad-
ratic envelope of the phases a small amount with respect to the delay line,
up to about plus-or-minue one-half a delay interval. The remaining integral

Fce= R =Y

e
- . e i

parts of the range correction is done by shifting the raw data read into the

compressor,

-

Focusing

Focusing occurs just before SAR filtering, and is the elimination of

o~y
“

4

the quadratic phase variation in the radar rzturn to which the SAR filter is

tuned. If this were not done the spectral width of return from the individual

resolution cells would exceed the width of the SAR filter. By focusing, the

-
—"

spectral width of the ground retvrn is reduced to considerably less than \ . !
that of the SAR filter by multiplying the data sequence into the filter by a

———
—

unit signal vector having a progressive quadratic phase variation; this essen-

tially lirearizes the phase variation of the ground return,

SAR Filterir_x_g

-

The SAR filter is spectrally centered with respect to the center of

.25 B Y5 9

the antenna main beam doppler., This is done by either translating the

per)

. data befoxfe.ﬁlterir;g when a Fast Fourier Tr#nsfo‘rm is used for SAR filter
formaticn, or in shifting the frequency of the filter reference phaser when a

" feed forward, line-by-line SAR filter is used.
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The uncalibrated single-look image consists of a collection of SAR
filter outputs, one for each range resolution iaterval along a single SAR

beam, and a replication of these as the SAR beam sweeps along with the

pRo]

Shuttle. The amplitude of each-cell is the square of the filter output ampli--

tude, and is proportional to a variable quantity times the radar cross section

of the ce}l.

Calibration of the Single Look Images

" are:

CnD D IR e e

© Radar range of the ¢

RAW
RADAR DATA

v

‘e Antenna gain relative to the ground—cell

ells

CLUTTER TRACKER

v

PAYLOAD
v

[icise;

CORNER-REFLECTOR oy
FARM DATA v

ANTENNA
DESIGN AND TEST
DATA

¥

OOO

ANTENNA GAIM
RELATIVE 70
GROUND
RESULUTION
CeLL

TRANSMITTER/
RECEIVER
CALIBRATION DATA

Y

TRANSMITTER POWER
AND RECEIVER
GAIN ESTIMATION

In the calibrator the amplitudes of the individual cells are adjusted
to equal the product of a cornmon known constant and the radar cross section
of the cell. In order to make this adjustment se, vral preliminary measure-
ments must be made (Figure 2-8 and 2-11), The more important of thege

o Transmitter output power and receiver gain

‘ PAYLOAD
TR
‘ PROPAGATION
LOSS ESTIMATES

RZDAR MODE
PARAMEYER

AADAR FAONT
END LOSS
ESTIMATES

PAYLOAD
My

: COMPRESSED o
RADAR DATA

RADAR RANGE
ESTIMAIGR

& RADARSCALE
ey FACTOR
L  COWPUTATION
pemee>{ " UMAGE NOISE |
ESTIMATOR

RECEIVER
NOISE DATA

RECEIVER NOISE

)

ESTIMAYOR

foo o poms  EZR G5O
)

[2Y "
ESTIMATOR

Figure 2-11., Ground processor, calibration operation.
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o System loss
e Propagation loss

Data for most of thege are contained on the tape with the raw radar data,
but some, such as propagation loss require externally provided data.

Ar;tenna Gain Relative to Ground Cell

Antenna gain corresponding to the ground cell of interest is mainly

a function of two factors:

o .Ground cell position in the real antenna beam
o Antenna gain pattern

In 2zimuth the position of the antenna gain pattern relative to the ground

cell is determined by means of a clutter tracker which is accurate to about

5 percent of the real antenna beam. The payload inertial measuring will not

be of sufficient accuracy since the X-band antenna heamwidth is only

. 0.15 degrees, '

In elevation the position of the antenna beam relative to the ground
cell will be determined by attitude data from the payload mernal measuring
unit supplemented by an elevation clutter tracker,

The antenna pattern itself will be stored in memory at the ground
system site, This pattern data will be derived from a series of measure-
ments made during flights over one or more of the existing corner-
reflector farms, and from pattern estimates made prior to installing the
antenna in the Space Lab,

Transmitter Power and Receiver Gain

Transmitter output power wxll be sampled periodically durmg radar
operation and will be recorded as ancillary data,

Data necessary for estimating receiver gain by the gromd processor
is recorded on the data tape during ;-a.dar operation, It consists of a sequence
of pilot signals of varying amplitude injected into the microwave plumbing,

t
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Radar Range of Ground Ceils

.

Ct;libra.tion of the ground cells must include an adjustment fox; the
effect of range on received signal power. Range from the shuttle to the
ground cell cannot be determined by simply measuring the radar signal delay;
the unambiguous radar range interval is only about 10 KM,while range to the
target is greater than 200 KM. Because the altitude of the shuttle is known
through emphemeris data and shuttle navigation data, and because the angle
between the antenna beam axis and the vertical is known from the payload
inertial measuring unit, the range to the ground cell can be determined, This
range estimate can Le improved by using the position of the ground cell in '

the unambiguous range interval,

System Losses

System losses are determined by periodic system measurement,

Propagation Losses

Propagation loss estimates can be made frem standard atmosphere

tables, and/or from meterological measurements,
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3. DESCRIPTION OF ERSIR DESIGN )

3.1 BASELINE DESIGN

The baseline design provides for a practical sensor that will produce

high resolution imagery a= require a nominal amount of power, 3.5 KW, ‘
It will be a dual frequency, dual polarization radar. It's 3 x 10, 7 meter
anienna is a multi-beam dual fold array, that is stored on a single pallét
prior to deployment. The SAR resolution is 25 meters primarily, with a
multilook resolution capability of 12 1/2 meters. Table 3-1 gives the rela-
tionship between look angle from nadir and ewath width for both 25 M and

. 12.5 M reso:utions, alsc for altitudes of 200 and 300 KM.

1 The cross-polarized-imagery, in conjunction with the dual frequency
feature, is essential fc;r distinguishing pertinent characteristics of clutter
signals. Three vertical beamwidths of 18.9%, 9.45%, 'and 6.3° are available .
and may be selecitd as required for various look angles from the nadir. ) ' »

" 'The baseline design and its significant functions are illustirated in ‘
block diagram (Figure 3-1). An unusual and éigniﬁcant Igature is the con- :
toured AGC, which provides for high quality imagery with a dynamic range -
of50dB. . - A ' S

. N ! 1
’ i

TABLE 3-1. LOOK ANGLE-SWATH WIDTH RELATIONS

Resolution and Altitude Look Angle Swath Width '
S e i

25 m, 206 KM : 10°-61° 60-80 KM T
25 m, 300 KM | 10°-53° . 50-85 KM "'
12.5m, 200 KM 24°%.56° 40-45 KM ;'
12.5 m, 300 KM 25°-48° 40-45 KM ;
3-1
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The major elements of the space sensor, rshown in Figure 3-2 are the
antenna, two transmitters, four receivers, two eaciters, two calibrators,

and related electronics. These form a group located in the space lab's pallet

- bay. A cold plate attached to the back of the antenna array serves as the

mounting for the remaining elements in this group (Figure 3-3). The weight
of the antenna and othes elements in the group is 840 Kg.

A second group in the pressuri-ed module comprises the control
module, signal conditicner, buffer formatter, recorders, space processor
and finally the display monitor and control console. These are shown in
Figure 3-4,

The baseline parameters are summarized in three tables that follow:
Table 3-2, system parameters; Table 3-3, Transmitter waveforms, and
Table 3-4 Preprocessor Parameters. They are discussed further with the

desgcriptions of the major system elements that follow in the remainder of
this section.

3.1.1 Antennas

The planar array, when ;ieployed. is 3 meters wide and 10, 7 meters
long. The array is shown in Figure 3.5, wh~ore it is shown deployed and
folded for storage on a single pallet. Two> apertures are provided for each
band, a narrow cne for the 18.9° beam and a wider one for the 9. 45° hieam.
The two apertures are added to give one 6,3“ beam. At X band separate
apertures are paired for dual polarization with 40 dB decoupling. At L baud
shared apertures with crossed dipoles for dual polarization give adequate
isolation, at least 30 dB, The weighting function is uniform for ait apertures.
The overall antenna is discussed in Section 3.3

3.1.2 Transmitters

The ERSIR will have 2 trensmitters, one with a 500 Watt X band

Klystron, the other with a 200 Watt L band TWT. The electrical character-
isticé,are given in Table 3-5,
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Figure 3-3, . Paliet bay ele~tronics layout.

Figure 3-4. Radar equipment in

module,
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Parameter l.-Band X-Band
2—— =
Frequency ) 1.045 GHz 9.0 GHz -
Polarizations (Linear)
Transmit: VorH VorRH
Receive: Direct {VV or HH)
and Cross (VH or HV)
Array: Length 10.7M 10,7 M
Heiglt (3M) 243 CM 57CM
Apérture Efficiency 57.5 Percent 57.5 Percent
Beamwidths (3) 6.3% 9.45°% 18.9° | 6.2% 9.45% 18.9°
Gains, dP 33.6, 3).8, 28.8 42.9, 41.2, 38.2

TABLE 3-3. BASELINF. DESIGN PARAMETER SUMMARY

Parameter L-Band X-Band
N g___————-:-:—'—’—__k = —= T
" Transmister
Peak Power: 6.84% 17 KW
Duty, Nominal: 2.9% _ 2.9%
Average Fowe:: To200W 500 W
PRF's, Hz: 12oc - 1800 1200 - 1800 | .
Bandwidth, min: 75 MHz 75 MHz
Receiver ‘
Noise Figure, min: 2.5dB 4.0dB
Bandwidth, min: 35 MHz -35 MHz
Systein Power Demand
L and X Bands, max: . 3.5 KW Average

3-7
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TABLE 3-4. BASELINE BxSIGN TRANSMITTER WAVEFORMS

Simultaneous L - and X-Band

Selectable PRF's Fr = 1200 - 1800 Hz

Pulse Durations

15 - 25 uS

Nominal Duty D 2.9 Percent

Modulation; Pulsed with Linear FM
'~ Chirp (Digital Approximation)

Selectable Bandwidths . B = 7-27 MHz
Selectable Pulse Compression Ratios BT = 64, 81, 100, ..., 324
{ANTENNA
TRANSMITTER
RECEIVER

\ ANTENNA
AD CONVERTER N DEPLCYED
DISPLAY AND PROCESSOR ™
SIGNAL CONDITIONER
RECORDER

DATA TAPE STORAGE

ANTENNA FOLDED
FOR STORAGE

3-8

[rss—ry

L.
P et urtten
.

ot o

ot ety
* e tr—

o~

oo N~ B e e con B~ S ¥ I - — I ST e

I - B




- ot v 7 e s T
D iy mee emErR e M AAA ST Dy ¥4 e n e e [p— 4

P,
w—
—
«

[ TABLE 3-5. TRANSMITTER ELECTRICAL CHARACTERISTICS
' L-Band (1.04 GHz) X-Band (9.0 GHz)
i; Peak Power Ratings 6.8 Kw 17 Kw
Avecrage Power, 200 watts 500 watts
i Nominal Maximum .
. Power Amplifiers Gridded TWT Gridded Klystron
Beam Voltage 9.5 KV 17.8 KV
E Bandwidths 75 MHz, min 75 MHz, min
Gain 30 dB, min 50 dB, min

High voltage components are mounted in a liquid (mineral oil)
dielectric medium and the high power r-f output circuits are pressurized to

prevent ionization and multipacting. High voltage power supplies and power
ampl'u'iers are mounted on a cold plate fixed to the back of the antenna. Heat
from the cold plate is transferred to the space shuttle at approximately
7200 BTU per hour,

The prime power interface is at the d-c service bus, High efficiency
d-c tod-c converters are employed for generating basic power forms. At
nominal transmitter maximum power ratings of 700 watts (200 watts at L
and 500 watis at X-band), the space shuttle prime power service will be
required to supply a maximum of about 95 amperes at 26 volts or 2450 watts.
Deteils of the transmitter design are presented in Section 3. 4.

4
~

+

g CED R &R 23

3.1.3 Receiver, Exciters, Calibrators : o

The reméining equipment in the pallet bay consiste of the L-band and

X-band receiver, exciters, and calibrators which are grouped together in an
L-band and an X-band module (Figure 3-3). Electrical characieristics are
summarized in Table 3-6 and requirements are discussed in Section 6.5,

‘ The L-band receivers employ microwave bi-polar transistor ampli- -
ficrs to obtain effectively low noise figures, with a 2.5 dB maximum. Low
noise FET or parametric rf amplifiers are used.in the X-band receivers to
obtain noise figuresa of 4 dB maximum. o ’
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TABLE 3-6. RECEIVER/EXCITER/CALIBRATOR CHARACTERISTICS

@ Receiver L.O,, Frequencies

o IF Reference Signals,
Frequencies

Receivers

© Noise Figures

© Gains

o Bandwidths

"0 Cross-talk

o AGC raige
Calibrators

o Bandwidths

® ‘Time Delay

© RF Gains

o Output Amplitude
Adjustrnent

o Transmitter Power
Measurement

eees 337 1/29
1.11, 1.115* GHz
70, 75% MHz

2.5 dB max

60 dB, min

35 MHz; min
-40 dB, max

30 dB, min

35 MHz, min )
25 ps, nominal
0 dB, max

8 st.epsx at 6 dB,
nominal

0.3 to 10 MW,
avg

L-Band 'X-Band .
Exciter : - H ‘
o RF Drive, Frequencies l 04 GH=z 9.0 GHz ':,
Levels 7 watts - 0.3 watts ; “ 3
Digital Phase Modulation | 4 bits 4 bits i
for Pulse Compression (0, 22 1/2°, (0, 22 1/2°, H

ee.s 3371729

9.06, 9.065* GHz

60, 65 MHz -
il

4.0 dB max ' ' E

60 dB, min

35 MHz, min E

-40 dB, max ' -ii

30 dB, min - i

: i ‘
35 MHz, niin
25 ps, nominal
0 dB, max
8 steps at 6 ‘d.B.

nominal

avg

*Staggered IF's facilitate isolation.
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Staggered intermediate frequencies help meet the specification
requirement for a -40 dB maximum cross talk level. The exciters contain
the stable r-f sources fcr the X and L band transmitter-receiver. One pair,
coded for pulse compression, consists of the sources which function as the rf
driver for the X and L. bard transmitters respectively. The other r-f sources
provide local oscillator signals whose frequencies differ from the former by
precisely the intermediate frequencies. These IF offset signals establish
the interfaces between the exciters and the buffer-formatter in the pres-
surized module, The buffer-formatter uses them for down converting the
regpective L. and X band receiver signals to quadrature phase video. These
1/Q video signals are then converted to digital format and recorded or trans-
mitted by data link for ground processing.

The calibrators are used for on board sensor calibration of data.

They supply time-delayed replicas of the transmitted waveforms at precise
amplitudes (adjusted in programmed steps), for calibrating receiver gain.
The L- and X-band calibrarors include a device for making precision power

measurements. This device supplies the transmitter power data needed for
the on-board calibration of acnscrs.

3.1.4 Buffer-Formafig_;:

Sensor data are buffered and formatted for recording and/or tele-
metering. First, the input signals are filtered to approximate the signal
bandwidths corresponding to the resolution at the selected swath. They are
then transformed to digital form by the A/D converter. The formatter trans-
fers digital data for a selected time interval into shift registers and then
outputs them in a uniform distriktution over the full interpulse interval,

T = 1/PRF. The time interval selected is a fraction k of the interpulse
interval T and corresponds to the slant range interval of the selected swath,
The result is a time stretch of 1/k and a consequent conservation of data R

rate.” Pre-3um for data rate conservation is impractical because of prf

*For example, consider an image swath of 85 KM with a 25 meters
resolution and an offset range of 56 to 141 KM (11° to 25° look angle
at 300 KM altitude) with a PRF of 1564 Hz. The slant range interval
is 27.4 KM, k = 0.236 and the time stretch factor ig 3.5, Data rate
is 219 MB/s for the four channels,

3-11
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constraints to near the minimum values for 4 looks at 25 or 12.5 meters
resolution,

The buffer formatter also develops contour AGC to establish mean
levels suitable fcr low signal distortion in the 5-bit digital video outputs.
The AGC contours are adjusted at discrete intervals of range and are con-
trolled independently in each of the four channels (L-band with two polariza-
tions and X-band with 2 polarizations). For this purpose, the interpulse
interval corresponding to the selected image swath is divided into at least
8 time segments and AGC is applied to each segment independently, The
AGC contours are up-dated at discrete time intervals that correspond to
suitable distances along the A.GC contour; data are supplied with the signal
data as needed for calibration and data reduction. Thke contoured AGC
approach is discussed further in Section 4. 2,

Buffer-Formatter characteristics are tabulated in Table 3-7,

3.1.5 Signal Conditioner/Control Module

The signal conditioner and control module form an essential link in

the production of raw data for imagery. The Signal Conditioner develops the

TABLE 3-7. BUFFER-FORMATTER CHARACTERISTICS

Input Video Filter 7: 3.5, 4.5, 5.5, 7, 9, 11, 17.5 MHz per
Bandwidths receiver

A/D Converter, Bis 51 and 5Q per receiver

Max A/D Sample Rate 27 MHz ‘

Buffer Swath Interval 85 KM, 3584 cells at 25 M Resolution

45 KM, 3584 cells at 12.5 M Reso!ution
PRF Range 1200-1800 B2

- . - e L ] . -9 .-
AGC Control Outimta 8 range segments; 45 dB in 3 d13 steps for
each receiver

3-12
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sensor parameters, including prf's, pulsewidths, pulse compression codes,
antenna aperture selections and pointing angle, transmitter-enable/receiver-
disable gates and A/D converter clocks. It does so in response to signals
from the control module. These signals are routed to the control module via
the control console. . Mode commands, vrhich include calibration routines,
are entered into the countrol console by the operator or the data link,

Pertinent characteristics of the Signal Conditioner/Control Module
are listed in Table 3-8. '

3.1.& Space Processor

The Space Processor forms imagery form the raw data obtained by
the sensor, utilizing one of the various possible configurations (L or X band,
V or H polarization); this imagery makes it possible providing means for a
to evaluate and monitor sensor performance, including image quality in real
time. Range resolution is 150 meters and at X-band the unfocused etrip
imagery resolution is 150 meters cross-track (azimuthal, or time dimension).

At L-band the cross track resolution is 150 to 200 meters depending upon

TABLE 3-8. SIGNAL CONDITIONER/CONTROL MODULE

CHAPRACTERISTICS
e PRF's Adjustable 1200-1800 Hz
e Pulse Compression: Digital Approximati ,n to
linear FM |
Ticae bandwidth product (PCR): n% = 64to324;n=8,9,...1
Sample Rafe: f; = 80 MHz (1/£{5 = 12.5 ns)
resolution
Transmitter gate widths T: 12.5 to 25 ps with
12.5 ns steps
Pulse widths (v = 1/ft): 37.5to 175 n8 in 12.5 ns
- Band-idths (B =-ft)s = - * - * T7in 2b.7 MHz
e A/D Converter clocks: 7 to 40 MHz
3-13
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t'ange/.l°l A monitor viewing screen interfaces with the processor, displaying
the moving scene evaluation and action. .

Pertinent characteristics of the Space Procegsor are tabulated in
Table 3-9,

3.1.7 Monitor Control Console

The Monitor Control Console is used for sensor control and for moni-
toring tuve Space Processor imagery. Visually the console is contiolled by
an operator and by data link communications; from the ground. Command
calibration routines as well as continuous monitor calibration cycles are
included m the sensor command functions. Also, the console is the inter-
face for auxlhary sensor s;gnals' e.g., space shuttle altitude, speed, alti-
tude sensor inputs, latitude, longitude, etc. .

The visual monitor displays a passing scene that is approximately
90 KM by 90 KM. At 150 KM resolution, the resulting display has approxi-
mately 605 x 600 elements. At an orbital speed of 7. 78 KM/sec, about
11.5 seconds of passing scene will be updated continuously,

‘ TABLE 3-9, SPACE PROCESSOR CHARACTERISTICS

Input: - L or X-band, V or H polarization 25 or 12.5
- ground range resolution
dutput Imagery: ~ Resolution 150 x (150 to 200) meters of L-Band '
Swath Width: ' 90 KM
- Displa'i,' Vi:ieq: 50 dB dynamtc range loganthmically compressed

. to 6 scales of grey

The hmum resolution of an unfocused SAR is given by the relation
. = 1/2VAR4. For d,z 150 my, Ry s313.5 KM at A\ = 28.7 cms

(l 045 GHz), correspondmg to a look angle B £49.3° ai 200 KM

altitude; dy = 200 m, Rs s 557.3 KM (p = 55.4° at 300 KM aln.tude)
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Recorders

Two high density, high data rate digital magnetic tape recorders

provide storage for basic sensor data. The recorder reels are approximately

35 cm in diameter and accept tape 5 cm wide; up to 160 deparate channels
ol binary coded data are stored acrosgs the tape, At the maximum tape deck
speed 300 cms/sec, each reel can record :.ontinuously for 12 minutes at a
maximum data rate of 240 Megabits/sec, The two recorders together can
record raw data continuously at maximum data rates of 350 Megabits/sec
for 16 minutes,
RCA is currently developing space qualified recnrders capable of

recording at space shuttle sensor data rates, RCA has already developed

Model HDMR-240G recorders for recording in conventional applications at

‘maximum data rates of 240 Megabits/sec per recorder. Thus, it appears

that the required high density, high data rate operational capabilities have
already been demonstrated. Therefore the development of the sp'ace quali-
fied recorder should be completed well in advance of the time needed to
meet delivery schedules for the Space Shuttle,

3.2 ALTERNATE DESIGNS ) B '

' Several alternate designs were examined. One variation was in the
frequency pairs selected. These were (1) L and X band, (2) UHF and X band,
(3) S and X band, and (4) L and Ku bancj. Three different L and X band sys-
tems were examined, the principal variation being in array length; those
studied were 12, . 8, and 16 meters. Shaped vertical beam (2 beam) arrays
and simpler three beam arrays employing uniform vertical illumination .
patterns were also investigs*ed. The arrays are designed for dual polariza-
tion. Vertical or horizontal polarization may be selected for transmitting;

. both polarizations are used in receiving and the illumiration patterns are
uniform in the horizontal dimension. Even though the interest was nct great,
- «a dersign utilizing. UHF and X-bands and a design utilizing § and X-bands were.

considered for completeness. . .- . :

. Principal features of the baseline and alternate deeigns are listed in
Table 3-10. Since the only system clements that vary for the zlternate
desigas are the antennae and transmitters, these are described below. The"
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TABLE 3-10.

|\ e n Pt S s et ®

BASELINE AND ALTERNATE SPACE SENSOR DESIGNS

Transmitters System
B Array Estimated Average | Estimated | Power
Lengthk | [felght | Vertical Weight, F Power |.Weight, Demand,
L. M| W. M | weighting;, KG Band GHz Watts KG KW
12° 3.0 Uniform 630 L X 1.04, 9.¢ | 2C.,500 159 3.5
12** | 3.0 .| Uniform 680 L X 1.22, 11.0| 200,500 159 3.5
12 3.3 Mod 750 L, X 1.22, 9.0 | 200,500 159 3.5
Taylor .
8 3.3 Mod 515 L, X 1,22, 9.0 | 382, 764 205 4.9
Taylor )
5 5.0 | Sin 680 L, X 1.53, 10,0 | 200,500 136 3.5
k'x/k'x )
16 3.0 Uniform 31c L X 1.04, 7.0 120, 350 136 2.8
12 3.0 Uniform 680 URBF. X | 0.45, 9.0 I_OO, 500 150 3.1
12 l._6 U=itorm 364 S, X 2.45, 9.0 250, 500 164 3.6
“Selected design
®83 peam, shorter wavelengin alternate to selected design

receiver exciter/calibration modules, signal conditiorer, space processor, ’

buifer formatter, and on-board monitor display, which were discuesed in

the preceding section on baseline design, are the same in the alternate designs.

3.2.1 L and X Band Dual Polarization Design

The L and X band design with dual polaxliaﬂdn‘ may utilize any one of

three array lengths, namely:

these is described below,

12 nieters, 8 metnrs ahd 16 meters.

3.2.2.1 I, and X-Band Dual Polarization

Physical Features.

Lot

Each of

The array length recommended for this destgn"
is.10. 7 meters. - Thie length contnbutes deatrable feahzrea to swath covorage,

image qua.lu:y. and pr{ selectxon while the power requ;rement 'is a moderate

3.5 KW. The array is folded twice in its lengthwise dimension for stowage

upon 2 single 3 x 4 meter pallet.
dimension which is 3.3 meters, maximum.

No folds are required in the vertical

In service, the array is unfolded
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at right angles to the space shuttle longitudinal axis and tilted for vertical
positioning about a hiaged edge. Figuré 3-5 illuntrates the deployed array .in
service. The space shuttle is oriented for earth cbservations (the space lab
local vertical is earth directed) with the orbit plane normal to the epace

shuttle longitudinal axis (sidewise orbital motion)., The image sensor functions
are subsequently carried out iz a stable geometrical configuration: the space
shuttle attitude and control system (ACS) stobilizes the array configuration

in the horizontal plane and the antenna gimbal drive maintains the vertical
orientation of the array. '

The single degree of freecdom in the array pointing system is considered
satisfactory. At additional cost, complexity and some reduction in reliability,
two or even three degrees of freedom ceculd be provided. However, motioa
_of the relatively massive array might influence the ACS adversely. There-
fore it seems reasonable to rely upon the space shuttle ACS ior stabilizing
the array in azimuth.

Illumination Considerations (Horizontal). Antenna length and illumina-
tion characteristics in the horizontal plane detarmine the iowar limit for PRF
selection (PRF min). Azimuth ambiguities decresse as PRF valuas increase,
while range ambiguity increases. Included in the factors that determine the
minimum acceptable pri's for image sensor applications are the following:

e V/&;v= orbiter speed (7780 m/o), £ array length (12 meters)
o da' swath resolution (12.5 and 25 meters)- v

@ . number of looke (4) and fractional overlap (0. 45 at d = 25 m,
, 0.65 atd, z 12.5) N

o azimuth ambigmty euppreuoion requi*ementa (20 dp mln)
a.ntenna lllumlnation function in the horizontal plane.

: Figure 3-6 uluetrates the effective azimuthal auopraoalan rat!os a8
fu.nctions of the prf selection for 4 looks with 45 percent overlap of ths doppler
histcries at a resolution of 25 meters and an overlap of 65 percent at
12,5 nieters resolution. The figure provides a baciv for comparing the effects
of antenna welghting: at 25 metero resolution (4 looks, .45 percent everlap) . o
the mini*nuin prf ie about 10 percent lower than that for corresponding
supprecsion with a modified Taylor weighting functien (-18 4B first sidelobes),
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Figure 3-6. Horizontal shaping/azimuth amblguity.

"or, at a fixed near 1300 Hz, the suppression is about 5 dB more effective

with uniform weighting than with the modisied

resolution, the minimum prf is about 8 percent lower (the suppression is
_about 4 dD better at fixed prf) for uniform weighting compared to the shaped
pattern case: the advantage diminishing at larger pr{'s. 7
‘ The simpler uniform illuminetion function is selected for the horizontal

plane because it favors lower operational prf's in comparicon to practical
non-uniform weighting functions, thus facilitating large swath coverage.

The 12% meter length array with a uniform illumination function
establishes the following minimum prf's upon minirnam azmuth ambiguity

suppression ratio requirement at 20 dB:

© " 1270 Hz or PRF to 2 v/¢ ratio = 0.98 at 25 meters resolution

{4 looks. 45 percent overlap)

< e o o ¢ @

*Prade off comparisons are based on a 12 meter array in contrast to

the reconmunended 10. 7 meter array.

Taylor function. At 12.5 meters

‘

LR ] - e . - .

The coaversion is easily made

by applyirg a correction of 11 percent,
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e 1500 Hz or PRF to 2 v/2 = 1,16 at 12.5 meters resolution
(4 locks, 65 percent overlap)

Thesc lower limits of operational parameters used for prf selection include
an allowance for pointing error of 0.05 \//; i.e., the clutter spectrum cen-
troid may be mis-gpositioned by 5 percent of its band width relative to the
clutter doppler corresponding to the azimuthal boresight axis. Larger point-
ing errors degrade azimuth suppression ratio reducing it to 1258 than the
acceptable value, which is 20 dB for minimum prf's. The practical conse-
quence is the requirement for a relatively high order of clutter spectrum
sensing and correcrcion (clutter tracking) for the imaging radar sensor; this
clutter spectrum compensation is a part of the ground processor.

Nlumination Considerations (Vertical). Vertical aperture shaping

functions applied to the antenna suppress range ambiguous returns at the prf's
selected on the basis of resolution, number of looks and transmitter eclipsing
relative to swath location and altitude. A modified Tayior weighting function
for first sidelobes of -16 dB (cne-way)} is applied for range ambiguity suppres-
sion in the case of 12 meter length arrays; this function has the deairable
feature of reducing near vertical gidelobes by about 10 dB (two-way) relative
to a uniformly illuminated array. A truncated sin\kx/kx iliumination func-
tion may be applied to approximate an almost idea. veam shape, with the
radiant energy essentially confined to the desired swath width: however, for
a dual-beamwidth system, this function requires a much larger vertical
height than is practical at the 12 meter length. An application with t!ie tnore
nearly ideal weighting function is considez«d below in terms of an 8-meter
array and single becamwidth 12 meter array. The modified Taylor weighting
function is representative of sixple vertical beam-shaping techniques and
serves as a basis for seleciion of shaped or uniformly illuminated vertical
beams for the imaging radax seusor,

Figure 3-7 illustrates the range selectivity advantage of the modified
Taylor weighting function 24 compared to the uniformly illumirated array of

.comparable bezXfiwidth. The siaped array héight is 3.3 meters and the

L-bard frequency is .22 GHz, as compared to 1.04 GHz for the uniform

3-19
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Figure 3-7,

' array at 3 meters height; the X-band apertures are sized for 9.0 GHz. 7 .c

* ghaped vertical aperture heights (and L-band frequency) are scaled to pro-
vide main lobe nulls coincident with those of equivalent umform illumination
apertures; in this instance the scaling ratio is 1.2. The main lobe shapes

‘ ;iiffer only éllgttly and are nearly indistinguishable in the sketch: the effec-
tive feature of the shaped array is that first sxdelobe levela are dowa 11 dB
relative to tha uniform case. ' :
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The characteristics shown in Table 3-11 apply to the sxtuatxon
illustrated in Figure 3-7. :
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TABLE 3-11i,

ress

L W

Uniform Aperture | Shaped Aperture
| —= — — ——— e ————
Beamwidths (3 dB one-way) ~6.3° ~6°
Sidelobe levels (one-way) ~13.3 dB ‘~18.8 dB
Equivalent heights (wavelengths) ~8.5 ~10.2
Swath center, offsct rg 325 KM - 325 KM
Look angle B '57.3° 57.3°
Incidence angle ¢ 60.3° 60.3°
Backscatter coefficients
Target area, nT -18 dB -18 dB
65T ~-21dB ~-21dB
Background areay ng -12 dB -12 dB
: (qB/nT) +6 dB +6 dB
Signal-to-noise ratios
Swath center ~13 dB >13dB
Swath edges 28 dB =8 dB
Swath widths >60 KM >70 KM
Transmitter power; average, X-band 500 W 50w
L-band 200 W 200 W
_ ) System 3.5 Kw 3.5 KW
Antenna array length 12 M 12 M
Resclution ~25%x25m -
Signal-to-ambiguity ratio ) 213dB
Slant range difference R; - R; = ARa 121 KM
PRF fr' - 1270 1270 < fr < 1360
Resolution ~25x 28 m - ~25x25m
Signal-to-ambiguity ratio >13 dB 213 dB
Slant range difference R} - R} = AR 121 KM i21 KM N
3-21
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The near range first sidelobe of the uniformily illuminated array pro-
duces unacceptable range ambiguities near the far edge of the illuminated
swath for prf's greater than 1240 Hz, corresponding to the slant range
difference of-about 121 KM,

imposed by azimuth prf ambiguity considerations, the effective swath width

Since a minimum prf constraint of 1270 Hz is

reduces to less than 65 KM for the uniform illumination case from the greater
than 70 KM width permitted by signal-to-nnise ratio considerations alone and
With the shaped

aperture, maximum prf constraints are imposed by main lobe illumination

achieved with the modified Taylor illumination function.

considerations; range ambiguity constraints arise for prf's greater than
1360 Hz corresponding to the near range edge of thé swath and the -27 dB8

relative response point at the far edge of the main lobe illumination. *
100 T T ] T { t
H « 200 XM
- _ _RECORDED .
® - -
: .
¢ N
g \
3 0 - 4 LOOKS, 45% \ -
I OVERLAP -\
=4
g .
I
g- LEGEND.
- e on . ARRAY 1.3 & 12M; SHAPED
BLAM A, MODIF ED TAYLOAR,
a - FIRST SIDELOBE ~~184d0, -
BEAM 8, UNSHAPED MID-
SECTION
— , SELECTED DESIGN, 3 x 12M,
I BEAMS; 0.3, 945°, 10.9°
2 1 1 L ! 1 1
[} 100 150 200 . 50 300 150 400

RG, SWATH OFFSET, KM

Figure 3-8. Baseline design versus shaping.

*5 4B for shading at the swath near rarge edge; 6 dB for the ratio.of
background npg to turget ny: and 16 dB for the range prf .:.mbtguxty
component.
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Figure 3-8 illustrates the advantage for ewath coverage at large look
angles of the shaped array as compared to the uniform illuminated antenna.
The minimum prf is 0.98 ;Zv/l. about 1270 Hz (2 = 12 m), for a ground reso-
lution of 25 meters at swath center and 4 looks at 45 percent overlap with a
minimum azimuth ambiguity suppreasion of 20 dB. The swath widths satisfy
the follcwing image quality requirements:

] the single look signal-to-noise ratio is at least 8 dB; the sxgna.l-
. to prf ambiguity energy ratio 18 at least 14.6 dB. ™

The cm;erage profiles thus provide imagery with signal-to-ambiguous energy .
ratios of at least 13 dB. The advantave of vertical aperture shaping is evidcat
at offset ranges of 300 KM and greatar: the advantage amounts to about 15 par-
cent at 200 KM ajtitude. :

The shaped aperture case is a two beamwidth array of 3.3 meters
height compared to a three beamwidth uniformly illuminated array of 3 meters
overall height. In the modified Taylor case, the L-band frequency is 1.22 GHz

as compared to 1. 34 GHz for the uniform case; at 9.0 GHz for X-band, the

L/X-band wavelength ratios are respectively 7.35 and 8.65. The height and
frequency factors are significant in establishing comparable beamwidths for
effective coverage at large look angles. The subtle factor of small changes
(e.g. about 15 percent) in L/X-band wavelength ratio has a bearing upon
signature distinctions in the image data (clutter synthesis) and is difficult to
assess, at least at this time. 'Nevertheless, the wavelength ratios contemplated
for the L and X -band systems discussed are consistent with expected require-
ments in this regard. , . w !
The shaped dual beam array-is heavier and more complex than the . A
three beam uriformly illuminated array. T he three vertical beams of the
dual frequency, dual polarized unshaped array are obta.med with four pairs

"o_f corporate feeds, each located along the back of the structure; one pair

for each polarization and one pair for cach frequency. In this case, a broad

*See Section 4.1 for a detailed discussion of image quality, inc uding
considerations of the clutter model, scintillation smoothing wi h multi-
looks, etc. The sign_l-to-total ambiguous energy ratio is 13 dB or
greater with an allowance of -22 dB ocach for integrated azimuth and
range side lotes due to the synthetic array pattern and pulse com-
pression, respectively.
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beamwidth or an intermediate beamwidth may be selected from each of two
vertical apertures for which the height ratios are 1:2; a narrow beamwidth is
obtained as the sum pattern of the two apertures., On the other hand, a
second beamwidth from a common aperture with a non-uniform distribution
function may require four sets of corporate feeds (three to a set). The
broader heamwidth is selected as a mid-section of each full aperture and

the narrow beamwidth is formed as the sum pattern of the mid-section
connected to upper and lower portions of the aperture with separate matched
corporate feeds”., The uniform illuminated array is selected for the imaging
radar sensor because of its simplicity and lighter weight.

This selection of uniform aperture illumination is based in large
measure upon assignment of essentially uniform weight to look angle or
offset range as a sensor parameter. Thus, the broad and intermediate
beamwidths readily available with the flexibility of the uniform array aperture
provide near nadir and intermediate offset range coverage features which
largely offset the far offset range (large look angle) advantage of the shaped
array.

*Two alternatives are:

1. A separate array for the wide beam, requiring additional vertical
aperturc for an overall antenna height of at least 4 meters;

2. Sum the upver and lower portions of the array at the module level
and thus combine the apertures with two corporate feeds; this
solution requires more interconnection waveguide, greater
weight and fced losses than the three corporate fced solution.

3-24
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Power Requirements and Power Management with 12 Meter Arrays.

The power requirement of the 12 meter length array radar imaging sensor is
nominally 1.5 kw., The transmitters operate at about 500 watts at X-band
and 200 watts maximum for L-band. At these nominal power levels, the
demands upon space shuttle power are moderate and the reliability of the
transmitters, high voltage supplies and modulators is good.

A higher power (5kw power demand) option is feasible. It is
practicable to design the power sensitive components to operate satisfactorily
at higher power levels for at least brief periods of time. Thus, it is
anticipated that transmitters with an 800 watt capability could be built, bu.
with a penalty. The weight penalty for this option is estimated to be about
40 g for the sensor.

System power demands range from 2.6 KW to 3.5 KW for nominal
operations that involve resolutions of 12.5 meters and 25 meters. The
variation in system pcwer demand is determined by a power management
scherne r¢lying primarily on pulse compression ratio PCR, according to
the relations:

P PX

Peys= 0.28 * 0.36 t 1.4, XW

and
3] P = % .
PL. PX PL.X PCR*PRF*Tr. KW;
where
pI_, X £ peak transmitter power (KW)
PCR = pulse compression ratio (64-324)
PRF = pulse repetition frequency (Hz)
T, = pulse resolution time (sec)

3.25




Power PL and Py are fixed while pulse duration Tr is established by reso-
lution requirements. The pulse repetition frequency PRF is selected by a
method which places the transmit:er eclipsing outside the illuminated swath
and is thus primarily a function of offset range for a given altitude; this
selection method satisfies the minimum prf requirements for multi-looks at
the designated resolution. By varying the pulse compression ratios, system
power is controlled to produce the best image quality possible for the maxi-

mum power conetraints and resolution requirements.

Performance. The baseline design performance features are
illustrated in Figure 3-9.

By narrowing the beamwidth of the baseline design to less than 6.3
degrees, the swath coverage can be improved both in width and quality tcr look
angles greater than 50 degrees (see Figure 3-10). This alternate design is for
a 3 beam system with aperture ratios of 3:2:1, the same as the baseline design,
except for the beamwidths, which are 5.2, 7.75 and 15.5 degreesn, respectively,

The wavelengths are 24.6 cme (1.22 GHz) in L-band and 2.7 cms (11,0 GHz)
in X.

00

T 1 T T T LI | T T T T =T 7 T
- .
TN 85 XM MAX RECORDED
0 - -
a. €0 - -
é - NOTES: -
g ® ALTITUDE 200 KW
y ® ® RESOLUTION- 25 a 25M N
5_ @ 7. - 184B (X-BAND AT £00 ),
E : - 26 dB (L-BAND AT 200 W)
- © ARRAY, 3 BEAMS,3 » 10.724 =
0 i S | L 1 L1 1 e i A L L [ L o
[} 50 100 150 200 0 300 ’ »0 400
G, OFFSET RANGE, KM —— f» ¢
L L i 1 L 1 L L ] J
0 10 20 k] ) « 80 &6 57 [

£. 100K ANGLE AT SWATH CENTER, CEGREES —— >

Figure 3-9. Baseline design swath width vessus look angle.
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Figure 3-10. Baseline design vs frequency.
3.2.2.2, Eiglt Meter Length Shaped Arrays
_Two 3 meter antenna length designs are discussed below. .=ach the

rarrow vertical beamwidth is shaped. Azimuth ambiguity suppresamn

requirements for the 8 meter length necessitated an increase in minimum prf

' relative to that of the 12 mete> antenna of nearly 50 percent.

Two shaped array cases are cons:dered one u:volvm;7 a3.3 by 8 me*er

#Accordingly,
range ambiguity suppression, particularly at larger look angles, favors ,
. shaping of vertical beams. ; ;

array, the second a 5 by 8 meter array: the first uses Modified Taylor weighting
(-18 dB for first sidelobes) and the second uses a truncated sin k's/Kx ’

*PRF
v:
1:
ks

kv /1 .
orbital epeed (= 7785 m/s)
array length

a numerical factor increasing w:.th! for given parameters of

resolution and effective number of looks; k~1.9 atf = 8m,

25 meters resolution at 4 looks with 45 percent overlap,

©3-27
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weighting function to approximate a rectangular vertical beam, System power
for the formex is 4. 9 KM. The five foot vertical antenna will require one
vertical fcld as well as a horizontal fold for stowage on a single 3 x 4 meter
pallet.

3.3 x 8 Meter Arrays. Figure 3-11 compares the coverage of the baseline

degign with that of a two beam 3.3 x 8 meter alternate design in which the
narrow veﬁicd beam is shaped. The broader beam B (beamwidth =15 degrees)
of the alternate deaign is formed from a mid-section of the shaped beam and is
escentially uniformily illuminated. The broader beamwidth results in a swath
width of about 70 KM (n = -18 dB, S/N at swath center = 14 dB) at a look angle
of 30 degrees (offset ground range of 110 KM). The narrow beam (beamwidtn
=5.5 degrees) is shaped with a Modified Taylor weighting function selected

100 T T T T | LI
H = 200 KM
- i amiing. N - —— o —— — - ~ «=RECORDED
. / d, = 25M .
8 |- 4 LOOKS, 6% OVERLAP ]

BEAM 1

RW, SYATH OFFSET, K

8

T

g

g

®»

"
5

td
'/

o~ o= = ARRAY 125 88, Oc g o S KW ‘ -
BEAM A, MODIFIED TAYLOR, -16 d8 FIRST . L., WIDTK =6.5° .

e SELECTED DESHiN, Pgypg = 35 K& ) .
BEAM B, UNSHA 'ED MID-SECTION BZAM A; WIDTH =150 . - -

1 1 1 ] | 1
] 100 150 x0 %0 300 250 400

W, SHATH WIJTH, K
1 i 1 N 1 ] _J
% 1m8 18 Y ] 5.8 553 0

B. LOO¥ ANGLE, DEGREFS

Figure 3-11. Baseline design vs. 3.3 x 8 m,
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for first sidelobes of about - 18 dB. The shaped beams provide effective
swath coverage from about 45 degrees look angle to nearly 60 degrees
(>50 KM swath width on - 22 dB).
this shaped beam compared to the uniform illumination case is illustrated
in Figurs 3-12.

The range selectivity characteristics of

The advantages of a multi-beam antenna design are evident in the
relatively effective coverage which the baseline design provides in the mid-
look angle region a3 compared to that provided by the 2-beam shaped option.
An antenna with uniform weighting that is 8 meters long, with three beams of
5, 7.5 degrees, and 15 degrees beamwidths (aperture ratios of 3:2:1, as for
the selected design) in an array of 3 meters height (at an L-band wavelength of
21.5 cms) would afford effective performance and coverage. Moreover it
would have the added advantage of simplicity in the corporate feed structure
of the antenna, as discussed above. This uniform antenna could be effec-
tively employed at a system power level of about 3.9 KW (600 watts at 9 GHz

in X-band and 240 watts at 1.4 GHz in L-band).

-
Q
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5 by 8 Mster Arrays. The truncated sin k'x/k'x weighting functions of

ti:e 5 by 8 meter array provide nearly rectangulé.r vertical illumination beams.

' The range selectivity advantages for the space shuttiv of this nearly ideal
antenna have already been discuseed (see Figure 3-12) in conjunction with dis~
cussion of vertical shaping for the longer 12 meter antenna of the baseline
design. ' . , N
The shaped 5 x 8 meter antenna considered is a two beamwidih alterna-
tive to multi-beam antennas with beamwidths nearly matched for variable look
angles over the range 20-60 degrees contemplated for the Space Shuttle. The
8 meter length is almost the minimum practical because of prf constraints
fox.' azimuth ambiguity suppression. . A combination of shortened wavelength
and increased antenna height relative to the selected design provides the space

for shaped beams at both L-band (1.53 GHz) and X-band (10 GHz). The shaping

function is applied to separate X-band arrays for vertical and horizontal

' polarizations and to a single L-band array with crossed dipoles for dual
polarization on receive. The large antenna required for the truncated sin
k' /k'x weighting function requires a fold in the vertical plane as well as in
tl‘ie horizontal plane for stowage to a single 3 x 4 meter paliet. The duplicate
patterns for the two wavelengthn and polarizations are necessary to facilitate
comparison of the space sensor data by overlay.

- The aperture weighting functions for dual beamwidth vertical beams
are shown in Figure 3-13; the broader beam is formed from a switched mid-
section of the respective arrays. The app;oximately rectangular pattern of .
the narrow beam (k'=1.528n) has beamwidths of about 6 degrees at - 1. dB and
10 degrees-at -18 dB. This improves the shading of diffuse terrain signals
which results from the weighting to about 4 dB as compared to 6 dB shading
for comparable swath coverage with a uniformily illuminated array. The
comparabfe range discrimination (or, equivalently, the maximum prf con--
atraint) is improved about 20 percent (0.6 to ! as compared to 0.5 to 1) for

. the rectaungular beam array approx‘meation. Average power requirements
are 200 watts in L.-band (1.53 GHz) and 500 watts in X-band (10,0 GHz),

with a practical aperture efficiency of 35 percent.
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o T TMLAT G 1 SITT3He

OME WAY GAIN, 8

Figure 3-i3. Aperture weighting functions.

Swath coverages of the dual shaped beam alternate design and the
baseline design are displayed in Figure 3-14. The figure shows effective
coverage for diffuse terrain, such as vegetation. This coverage is obtained
for incidence angles of 25 degreen (S/N = 13.7 dB for n -18 dB) with beam B,
the broader of the two beams, With the narrower beam the coverage extends
to 60 degrees (S/N = 10 dB). Beyond 55 degrees (look angle about 53 degrees),
the coverage decreases because of range ambiguities resulting from the
minimum rrf constraint (about 1300 Hz}, which in turn is caused by the
finite antenna length of 8 meters, With this design there is no coverage
beyond 61 degreeus because of prf constraints imposed by range and azimuth
ambiguity suppression requirements.
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Figure 3-14. Baseline design vs. 5 x 8 m array.

The 8election of multi-beam uniformily illuminated arrays is favored
because they fold in a siagle-dimension for single pallet stowage. Simiiarly

e e a %

the simplicity of the cbrporate fold structure favors its selection. While -

shaped vertical arrays offer advantages in range amhiguity suppression, the

selection of longer arrays and lower operating prf's and the choize of beam-

widthe more nearly matched to the various look angles compensates for thia

loss. ’ T B L v

3.2.2.3 16 Meter Length Arrays o S o Lo

P UL WV

The advantages of longer arrays are primarily in the reduced transmittér

power and improved swath coverage. A practical upper limit to array length :
-for multi-look (4 looks) synthetic array radar applications is approximately T

the resolution (about twice the single-look resolution). Thus, for a resolu-
tion of 12.5 meters at four looks, a length of 12 meters is practical; also for , ;
" a single look, 6.25 meters is practical. However, for a resolution of L

\ ' 3-32 - - p
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25 meters, an antenna of 16 me.ers offers substantial reductions in the power
requiréé as well as improvements in swath coverage, particulary at look
angles beyond 50 degrees. ) .

The pros and cons of greater antenna length were investigated in a
study of 15 to 16 meter planar arrays, which are essentially three-fold ver-
sions of the dual-fold deployable physical arrays of the baseline design. The
height of the antenna studies is 3 meters; by selecting apertures.' 3 different
beams are formed — 6 3 degrecs, 9.75 degrees, and i8. 9 degrees in width — .
just as in the 11-12 meter baseline version, The increase in antenna weight
for this design increase is about 1/3 (680 dg to 910 kg, approximately). Itis
estimated that at X-band corporate feed losses will increase by about 0.4 dB
the change is anticipated; feed loss at L-band, with low loss wavecguide, will
be negligible. Power allocations are accordingly 360 watts at X-band and
120 watts at L.-band, slightly greater than that obtained through direct
scaling (338 W at X and 112 W at L-band):..gystem power demand is 2.8 KW,

a decrease of 25 percent compared to the 3.5 KW demand for the selected
design. ) .

The swath cuverage of the longer antenna version is compared with that
of the baseline design in Figure 3-15. Swath widths ciffer insignificantly at
the shorter offset ranges for which the swath is determined solely by the
illumination pattern of the vertical beams: however, the data rate is lower
and the range ambiguity is less at the lower prf's of the long antenna design.
At larger offsets, a swath width advantage is evidcnt for the longar antenna
because of improved range ambiguity suppression at the lower prf's of the "
alternate design. Both designs provide a swath center S/N > 14 dB forq =
-18 dB and for an incidence angle of 64 degrees {look angle = 60.6 degrees).
At 25 meters resolution, the minimum prf{ constraint (4 looks at 45 degreesn
ovarlap) to meet azimuth ambiguity suppression requirements is about 1100 Hz
for the alternate and atout 1300 Hz for the baseline design.

The conventional applications of synthetic aperture technigues require
uniform arrays about twice the single look resolution length or less. Thus,
the 15-16 meter uniforrn arrays 2f the alternate design are satisfactory for
a‘resolution of 8 meters at a single look. However, for diffus= targets
scintillation smoothing with rnulti-looks in t'me (azimuth) iz desirable. Four

looks at a 25m resolvtion, d, and 45 percent overlap is equivalent to a single
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Figure 3-15. Selected design vs, 3 x 16m,

look resolution of 25/2.65 = 9.4m™, d; this provides scintillation smoothing
equivalent to about 3.5 indei:endent looks. Thus, the longer array alternate
and the selected designs are satisfactory for raulti-look SAR applications at
25 m resolution, However, four looks for ad of 12.5 m and 65 percent over-

lap are equivalent to a single resolution (d*) of 12.5/2.05 = 6, 1lm. Thus the

" alternate design with an antenra length (£) of 15 m is restricted to multi-

lock SAR applications for which resolution is equal to or more than 15-16 m

4and single look where the resolutiond is £/2 = 7.5 m. A major factoer in the

choice of 11-12 m for the antenna length is its compatikility with Space Sensor

SAR capabilities of 12. 5 m resolutions at 4 looks (with 65 percent overlap).
The baseline design folde to stow on a gingle 3 x 4 m pallet, allowing

room for other Space Shuttle experiments. The need to make three-folds in -

¥*L' = AR/2d', L' = L(n-(n-1)k); 2 is the number of Jooke and k the
fractional overlap; L. = AR/2d' is the orbit path distance vT_ (effective
length of the eynthetic aperture). - a.
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the horizontal plane of the 15-16 m of the alternate design to provide this rocm

fs a major factor in rejecting it in favor of the 11-12 meter length antennas,

3.2.3 UHF and X-Band Design

A UHF/X-band design is practicable, UHF is 450 MHz, the X-band
frequency is 9. 0 GHz, The array dimensions are 3 meters by 10, 7 meters;
it is stowed upon and derloyed from a single pallet, as is the baseline array,
The UHF aperture is dual polarized with crossed-dipoles, like the baseline's
L-band array. One of three beams may be selected using vertical switching
as in the baseline array. Broad beams of 24 degrees and 37 degrees are
suitable for near nadir illumination (e.g. 6 degrees to 30 degrees). A
14,6 degrees narrow beam, at a look angle of 39 degrees for ground reflec-
tivity (op) of -27 dB (receiver noise figure = 2.5 dB}), with 100 watts
average transmitter power gives a swath center S/N of more than 14 dB. The
" HF of 450 MHz was selected for two reasons, First it is below the television
band (470 to 890 MHz). Secondly it is approximately an octave below the
I.-band (1045 MHz) frequency of the baseiine design, which may be desiratle
for some earth resource sensor applications, such as forestry.

Parameters of the UHF/X-bard alternate design are listed in Table 3-12,

TABLE 3-12, UHF/X-BAND ALTERNATE DESIGN PARAMETERS

UHF i X-Band _l )

Carrier Frequencies 450 MHz 9.0 GHz T
Transmitter Power, Avg 100 watts ) 500 watts
Resolution 25 x25 M 25 x25 M
Vertical Beams 5:14.6, 24,0, 37.3 3:6.3, 9.45, 18.9
Array Dimensions 2.43x10.7M 0.57x10.7TM
Swatn Widths 50-85 KM 50-85 KM
Terrain Reflectivity 055-27 dB 053-18 62
Received Ioise Figure 2.5dB 4.0dB
Signal-to-Noice Ratio 58 dB 58 dB
Aperture Efficiency 57.5 percent 57.5 percent
Losses ' 4,24dB 6.1¢38
Look Anglas (200 KM 6 to 45 degrees 10 to 60 d=grees
altitude)
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3.2.4 S- and X-Band Desigas

An S-/X-band design at 2,45 and 9, 0 GHz, respectively, was also

considered. The S-band array height is 1,04 meters compared te-2, 43 meters .

for the L-band array height. The S-band aperture uses crossed dipoles for
the dual polarization feature, as does its L-band counterpart. The weight of
this array, which is 1. 6 meters high, is estimated to be about half that of
the baseline array, while the increase in transmitter power is only 50 watts.
S-band at 250 watts average power provides perfoermance roughly equivalent
to L-band, with an increase in ag's of 2. 7 dB; losses and noise figure are
approximately the same,

The S/X-band design provides coverage equivalent to the L/ X-band
baseline desigr using three switched beams of 6.3, 9.45, 18. 9 degrees with
uniform illumination. Remote sensor performance is also equivalent, except
for any subtle difference in sensor characteristics because of the app‘roxi-
raately one octave increase in frequency from L-band to S-band,

The S-band transmitter may be implemented with TWT's or klysi.rons.'
S-band klystrons provide a convenieat means of obtaining transmitter effi-
ciencies of 30 to 40 percent, with adequate bandwidth, (at least 50 MHz), as in
the X-band transmitter, TWT and Klystron tube designs suitable fog the

application, with perhaps some parameters scaling, ar-= available.

TABLE 3-13, S-/X-BAND ALTERNATE DESIGN PARAMETERS

) S-Band , X -Band

Carrier Frequencies 2.45 GHz 9.0 GHz
Transmitter Power, Avg 250 watts ) 500 watts
Vertical Beams 3:6.3, 9.45, 18.9° 3:6.3, 9.45, 18.99
‘Array Dimensions 1.04x 10.7M 0.57x 10:7 M-
Swath Widths 50-85 KM . 50-85 KM
Terrain Reflectivity v, >-25dB oo >20dB
Receiver Noise Figure 2.5 4B . 4,0dB -
Signal-to-Noise Ratio s8 dB - 58 dB
Aperture Efficiency ) 57.5% 57.5%
Losses ‘ 4.5 dB 6.1dB

L_Look Angles 10 to 60° 10 to 60°
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3.2,5 Dual K -Band and L-Band Desxgns
Two approachea for K -band alternate desxgns at 13.3 and 16.0 GHz

were considered. The first approach uses three beams; performance 13
essentially equivalent to that of the X-band baseline design; the second

employs a single shaped beam and provides effective coverage to a look angle
of-at least 40 degrees and requires less prime power than the multi-beam
approach. The second K -band design provides a minimum swath w.dth of

40 KM for look angles of 20 degrees to 40 degreet and a beam limited swath
width of 35 KM with coverage to 10 degrees look angle. The multi-beam options
provide swath widths of 60-80 KM and coverage from 10 degrees to 60 degrees
look angle.

KKKKK Considerations of agricultural applications motivate shorter wavelength
sensor designs. In particular, X-band is not as sensitive as K band to
differences 'in plant morphology and biomass. An increase in sensnthy thh
carrier frequency has been reported for vital crops, including corn*.

Ku -band designs have several relative disadvantages. They require

_more transmitter power than X -band equivalents, are more susceptible to the
_adverse effects of moist clouds, fog, and rain. Ku -band impose more

stringent requirements on mechanical tolerances for antennas than dces £-band

"designs. These disadvantages are significant for choice of antenna end

transmitter designs, but do not preclude the use of K-band, at least for

wavelengths greater then 1.8 cms. Available data for vegetation, discussed

later, indicate that backscatter coefficients for a K, -band and X-band are
equivalent.

N

v

#1) Ulaby, F.T., T.F. Bush, P.O. Batlivala; J. Cihlar, "The Effects of

of Soil Moisture and Plant Morphology or. the Radar Backscatter for
- Vegetation''.. Remote Sensing Laboratory, The University of Kansas
Space Technology Center, R.S. L. Technical Report 177-51, July 1974.

Experimental data for corn, milo, soybeans, and alfalfa at 9.0, 13.0,

and '16. 0 GHz for incidence angles of 0 degrees (vertical) to 70 degrees
are reported. The effects of heavy rain on backscatter from fields of .
maturing corn (July 16 to August 8, 1973) are especially convincing .

with respect to i -band Sensitivity to plant morphology and/or biomass,
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Ku -band designs having performance equivalent to the X-band baseline
design at 500 watts average transmitter power (array =10. 7 meters long)
require transmitters with average powers of 1300 to 1700 watts at 13.3 GHz
and 1900 to 3000 watts at 16.C GHz, depending upon atmospheric conditione.
Table 3-14 summiarizes the critical loss factors for these bassline equivalent
designs. The sensitivities to propagation losses and the effects of rain are
discussed below. Figure 3-16 shows the frequency dependence of transmitter
power requirements and system power demand for the moderately severe
propagation loss case of moist low strztus clouds without precipitatica for
which X -band loss at an incidence angle of 60 degrees is about 1.4 dB
(Figure 3-17).

Anterna aperture weight savings of 40 to 60 kg for the shorter wave-
length versions of the multi-beam baseline antenna do not compensate for the
weight increases resulting from transmitter weight and power requirements.
The L- and Ku -band antenna aperture area is decreased, by approximately
2.0 to 2.7 square meters (6.1 to 8.3 percent). This decrease in area results
in a weight saving of up to 60 kg (aperture weight about 22 kg per M2), which

2 T T T T T pPT 71T
- -1
s SYSTEM 7

e L i CONDITIONS
© SWATH WIDTHS: 60 - 85 KM

© RESOLUTION: 25 x 25M

"L ® MAXIMUM VERT(CAL LOOK ANGLE
9 60°

® BACKSCATTER COEFn = -18dB
(g,~nCOSBI

® ATMOSPHERE: MOIST LOW
STRATUS CLOUD, NO PRECIP!TATION

® ALTITUDE: 200 KM .

AVERAGE POWER, KW ——b>
“A
LEEEER Bh L]

- TRANSMITTER - ® THREE VERTICAL BEAMS
(UNIFORM ILLUMINATION) 18.9°,5.49, 6.3°
V|- . ©® ANTENNA LENGTH: - 10.7M
- -1
0 1 1 ) I JE U A N T 2 B |
[] ] 10 12 " 18 18 20
1. Gz —P

Figure 3-16. Multi-beam system frequency
comparison (9.0, 13,3, 16.0 GHz).
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MODELS:

SEA 1 LIGHT TROPICAL RAIN {~5%)

SEA7  MOIST LOW STRATUS CLOUDS (~15%)

SEAS CLEAR (SOUTHEAST ASIA B-14%}

Ce LIGHT RAIN (CENTRAL EUROPE, - 5%}

CES THIN MOIST STRATUS CLOUDS (15-20%)

cEe THIN STRATUS CLOUZS AND LIGHT FOG (~ 17%)
4 CE? CLEAR, DRY WITH HAZE AND SMOKE (24-38%)

7] TWOWAY PATH ATTENUATION:
4 A(dB) - AySEC, s VERTICAL
LOOK ANGLE
AT J = 400 (H = 200 KM):
A~ 1334, 0B

Ay ATTENUATION AT 8= 0%, 08 —

T T T T 7 T T T 1T 71 11

Figure 3-17. Atmospheric attenuation
models. .

is offset by-an increase of the same magnitude in the wexght of the E. -band
tranamxtter, necessitated by the need for more power (>1 KW )

3,2.5.2 Single Beam Antenna Alternates to X-Band Baseline Des& -

The single beam alternate, with a shaped vertical beamwidth of
abou* 12.5 degrees, provides effective coverage of 40 KM swath width for
look angles of 40 degrees (200 KM altitude) with 420 to 600 watts Ku-ba.nd

transmitter.power.. Table 3-15 sumimarizer the power requirements for

- 13,3 and 16. 0 HGz Ku'-band frequencies and the moderately severe propagation

loss case (rhoist low stratus clouds, model SEA 7 in Table 3-16 and Fig-
ure 3-8). Figure 3-18 illustrates the frequency — pos;.;er relationship for this
design. For an equivalent smgle beam X - band system the average trans-
mitter power is 130 watts. o -

Figure 3-19 shows the perfurman..e of the smgle beam deslgn for \.he
case of moist low stratus clouds (Model SEA 7 in Figure 3-17). The hori-
zontal bars on the curve indicate the limits of coverage for each swath posi-
tion, for example a swath width of 35 KM is obtained with the antenna at a
15 degrees lookAa.ngle and cove:s the area between look angles of 10 degr-eca
and 20 degrees for an altitude of 200 XM. The dashed line extension for

larger look angles represents performance improvement as transmitter

*Transmitter weight is approximately proportional to the square oot
of power, ‘
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TABLE 3-16. SELEC?'ED WEATHER MODELS

| Percent |
Water Annual H
| Temp | Vapor | Mcoisture Occurrence
Model Description °c g/m3 g/m3 Day | Night
(E==E i = —— — ﬁ
SEA 1 | Light Monsoon 26 17 1-1,5 2.8 5.5
Rain, 1 to 2,5 mm/hr,
SEA 7 | Low-Stratus Clouds 26 12.7 0.5-1 12 17
Warm, Moist . !
SEA 8 | Clear, Warm, Humid 26 14,1 - 14 8
CE 1 | Light Rain 9 6.3 | 0.1-0.3 | 5 5
0.6 to 1.2 mm/hr, . .
CES Low-Stratus Clouds 9 6.3 | 0.1-0.3 | 19 15
Cool, Broken )
CEb Fog and Low 9 |. 6.8 0.1-0.3 | 17 18
Stratus Clouds
CE7 Clear with Haze anc 9 4,1 - 24, 38.
Smoke, Dry
4 Y T TT T 1R §
i ' ' ;/' | CON_IJITIONS ‘
) 7 @ SWATH WIDTH: 40-50 KM
W wse 71 © RESOLUTICN: 25V x 25M
- - 1 @ MAXIMUM VERTICAL
} P
. L o LOOK ANGLE S = 40°
. & os‘f- ‘ Y ‘ f 9 BACKSCATTER COEF7 —~18¢B
g ° g . {og~nCOSB)
- 2 1 © MINIMUMS/N=8dB
% oef / 4 © ATMOSPHERE: MOIST
-~ /] rowsrratuscloup,
; S/ NO PRECIPITATION
o2 ‘o/,/ - T © ALTITUDE: 200 XM
@ VERTICAL BEAMWIDTH =259,
0 R TN SO SO T U W B N O SHAPED: TRUNCATED SIN X/X
8 ~ 10 12 15

* © ANTENNA LENGTH: 10.7M

FREQUENCY, CHa~—0»

Figure 3-18. Single antenra beam’
system, frequency comparison
(9.0, 13.3, 16,0 GHz)

v a2t

et e e e o

w . . "
L sandihy, b} bt I cae vedd s € P




oowac v

i e e L AP

i ey

R e
EA A

P

-

e IR ey

Iy

- . v b L 2T

D

e T g
'

freom,

.‘,,,E \i

G2 ®mng ey pq

COWDITIONS
® ALYITUDE: 200KY

© VERTICAL BEAM~12.6°
(EFFECTIVE 8,~0 3°)

- SHAPED, TRUNCATED SN X/X

© 9°-10d8. X AND K, BAND;

_J 9 = -20¢D. 1 BAND
oy q C033

© AVERAGE PONER REGUIIEMENTS:

i {.GHz Pay W
(XL 60
9.0 130
- T 133 30
. 180 640

O PROPAGATION: MOIBY
- LOW STRATUS CLOUDS

o8N > 08¢

SHADING | :ﬁn
usir |

RY, STATH WDTR, KM —O

i A
- (-] 7 - 35, 56 n g4 tics 1 170 200
. . —
RG, OFFSET RANGE, KM

) Figure 3-19. Single beam options
swath coverage,

power or clutter reflectivity increase or as propagation loss decreases,’
Range ambiguity considerations restrict coverage to look angles that are
less than 55 degrees. L I »

" The aperture dimensions and gains for the smgle beam designs are .
summa.rlzed in Table 3-17, The L-band frequency is 1,71 GHz, an
increase of about 70 percent from the baseline design (1.045 GHz). The
combmatton L-band and K -band single beamwidth alternate designs have
apertures of 3.3 meters » 10 7 meters, consistent with deploymcnt and
smgle pallet stowage as thh the baselme desxgn.

- - ~-

'3.2.5.3 Relationship of. Ku -Band Planar Array and X-Band Planar Arra.y

Costs of the ERSIR

‘Cqsts of the design analysis, fa'nrica.tion. and test for a K“-band
antenna at 13,3 GHz are expected to be about 25 percent more than for the
eguivalent X-band design at 9,0 GHz. This increase in'cost with carner :
frequency reflects the anticipated increase in effort needed to maintain
required tolerances, which becomes greater as the antenna length increases
from about 300\ at 9 GHz to 475\ at 13,3 GHz, for ; 10,7 meter array.
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The pattern requirements are tied to the SAR performance criteria and
are the same for K -band 2s for X-band, The approximate relationship
between cost and frequency i given by the curve shown in Figare 3-20,

The costs for the baseline cquivalent K,-band transmitters will be
relatively high because of the design, development, and relevant testing costs
agssociated with the high voltages and powers for this application. The
K u-band tranemitter can be readily developed by scaling an existing Ku~band
gridded Klystron design (Varian Acrsociates), which has design center values
of 14 GHz and 1000 watts to 15-16 GHz and 500 to 1500 watts. This new
Ku-band transmitter will require a more powerful grid modulator than the
contemplated X-band design, because of a relatively lower mu grid in the
Ku-band tube, ) , . ;

However, the K, -banc single beam options at 360 watts (13.3 GH3a) to
540 watts (16 GHz) are comparable to the baseline X-band transmitter in
power and cost. The cost frequency relationship is ernected to approximate
that shown in the curves of Figure 3-21,

COST RELATIVE TO X-BAND (9 GHY)
MANMONTHSOA S

o -

o . Figure 3-20, K, -band planar
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Preliminary characteristics of the Ku-band transmitter at 13,3 GHz
are summarized in Table 3-18, ’

3,2.5.4 Operating Conditions that Effect Design

Vegetation Baclgcatter Coeffiéient. Extensive experimental data on

backacatier coefficient: for vegetation are summarized in the literature#.
The wavelength dependence for mature and maturing crops appears to be
more & function of crop condition than of crop type. Condition refers to
moisture content, morphology, biomass, and disease*#. In general, for
frequencies from 9.0 to 16.0 GHz, and for either HH or VV direct polariza-
tion, the backscatter coefficient variation because of crop type is 4 to 5dB .
(incidence angles ¢ = 20 to 60 degrees); the cross-polarization backscatter
coefficient i8 generally smaller than the coefficient for direct polarization

. by 5 to 15 dB," and typically is 8 to 12 dB. Following Nathanson (1969), and

in general agreement with Mcore (1970) an n value of -18 dB (uo = ncos ¢)
was adopted for X- and K ,-bands (to 16 GHz), HH and VV polarization, where

%2) Moore, R.K., "Ground Echo'', chapte.r. 25 in Radar Handbook,
M. I. Skolnik, editor, McGraw Hill Book Co., 1970; esp. pp 18-35,
42-47 .

3) Nathanscn, F.E., "Radar Design Principles, Signal Processing
and the Environment', McGraw-Hill Book Ce., 1969, pp 262-273

'4) Cosgriff, R, L., W.H., Peake, R,C, Taylor, "Terrain Scattering
. Properties for Sensor System Decign', Terrain Handbook II, The
" Engineering Experiment Station, University of Ohio, May 1960

5) Bond, R.H., "A Summary of Measurements and Thecries of
Radas Ground Return', Technical Memorandum 656, Hughes Air-
craft Co.,-September 1960

6) Ulaby, F.T., '"Radar Response to Vagetation', IEEE Transactions

on Antennas and Propagation,  vol.” AP-23 January 1975, pp 36-45

7) King, C., "Agricultural Terrain Scatterometer Observations with
Emphasis on Soil Moisture Variations', Remote Sensing Laboratory,

The Urniversity of Kansas Center for Research, Inc., CRES Technical
- Report 177-44, August 1973

**Ulaby, et al (1974), op, cxt., pp 11-14
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TABLE 3-18, K, -BAND TRANSMITTER,

Based on Current State-of-the-Tube Art:

K u-Band
Center Frequency 13.3 GH=z
Tube Type Klystron with PM Focus
Tube Deselopment Scaling LExisting Design
Peak Power 25 - 30 KW
Average Power 250 - 1000 W
Bandwidth 75 Miiz
Duty 3 Percent
RF Drive 1 W Maximum
Moduiation Lovws Mu Grid (3 - 5 KV Pulse)
Pulsewidth 15 - 25 ps
PRF 1200 - 1800 Hz
Transmitter Frequeacy 25 - 30 percent

¢is from 19 degrees to 70 degrees. At L-band for which an n value of
-26 dB was rather arbitrarily chesen, a tendency for smaller backscatter
coefficients is noted for wavelengihs larger than about 10 cms, |

Propagation Losses

The microwave sensor is valuable for its ability to penetrate cloud
cover, ground fog and rain; supplementing optical wavelength sensors which
are ineffective under these conditions, However, it is necessary in K, -band
to allow for increased propagation losses as compared to X- band For this
purpose, adverse wectner models are used to estimate atraospneric effects, =

#ivzthanson (1963) op. cit., p. 273; Moore (1970) op. cit., pp. 26, 29
f Nathanson (15069). pp. 262-265

fBeam, B.R., E.J, Dutton, B.D. Warner, '"Weather Effects on Radar",
Chapter 24 in Radar Handbook, M.i. Skolnik editoy, McGraw-Hill
Book Co., 1970, pp. 16-23

##0 'Reilly, Captain Patrick J., "Adverse Weather Models", USAF
Environmental Technical Application Center, ETAC Repoxt 6467,
Qctober 1970
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From O'Reilly's work, the following relatively frequent low stratus cloud
models have been chosen:
1. SEA 7, a model of warm (26°C), moist (~0.3 g/m’3.)-. low stratus

clouds occurring 17-22 percent of the time, September to April
in Southeast Asia;

2. CES, a cool (9°C), moist (~0,3 g/m3) broken low stratus cloud
. model occurring 15-19 percent of the time in Central Europe
{predominantly October ~ March).

Also extracted for relevance are models for light rain:

3. SEA 1, a warm (26°C), light tropical rzin of 2-2,5 mm/hr
! typical of many regions and occurring about 5-10 percent i the
time from May to September,

4, CE1 a cool (9°C), very light but extensive rain of 0.9 to 1,2 mm/hr
*  occurring about 5 percent of the time and for all seasons in
Ceciitral Surope,
These models extend to an altitude of 30 KM; the path length for the
orbxtmg shuttle {neglecting refraction effects) is accordingly

'é ‘= 30 sec ¢, KM (1)

wiacere ¢ is the angle of incidence at the ground. Thus propagaticn lose is
simply the two-way propagation loss A at vertical incidence multipled by
sec &:

- tlp - Ao sec ¢- = AO ser (p + RglRe)u < L v (z)‘

hd -

The two-way vertical incidence propagation losses as functions of
frequency (X- and K -bands) are shown in Figure 3-17. The losses for
rain are thcse caused by absorption and scattermg. the effects of rain back- '
.8catter are considered below, L
. The referenced models are briefly described in Table 3- 16' together
with estimates of their annual frequency of occurrence in Southeast Asia or
Middle Eurepe, The models are, of course, typical of similar atmospheric
phenomena in oﬁ_xez" regions.. hence provide a general indication of weather
effects as well as being specific for significant portions of the earth's sur-
faces, A cool, dry air modei (CE7, 4.1 g*,/m3 water valpor) exhibits low
loﬁa (0.15 dB at-156.0 GHz, eqiivalent to 9.3 dB at 60" incidence angle). '
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The Effects of Rain

Rainfall effects for the synthetic array radar are complex; turbulence,
wind shear and the distributicn of precipitacion centers in the cloud forma-
tions are difficult to account for except in the most general cases. It will be
assumed in the analysis which follows, tlat practical results can be obtained
with a very simple precipitation model, Wind effecta will be ignored, It will
be 2ssumed that che rainfali will be assumed light and extensive in area, and
that it will change gradually with height above the earth, Figure 3-Z2isa
sketch of this sirnplified model for rain backscatter calculations, The propa-
gation losses due to scattering and absorption appropriate to terrain back-
scatter have been accounted for in Figure 3-8 for specific light rain
gituations. )

The simplifie¢ model for rain backscatter calculations is based on a
uniform strata of precipi:ation parallel to the earth's surface; for simplicity,
refraction effects are neglected. It is assumed that the incideat rays from
the illuminating sensor have fixed angles of incidence ¢ at each layer of
orecipitation, that each layer i is 1 KM thick with a uniform precipitation
rate r, mm/hr and that i is an index runmng from 1 at the top of the rainfall

model to n at the earth's surface, with the precipitation exterding io a height
of n KM.

AN NOTES:
. FOR LAVER i:

o; = ATTENUATION, ¢B/K

r, = RAINFALL RATE, MM/HR
2 o mPaa200,be13

Ry = SLANT RANGE

d, « SLANT RANGE
RESOLUTION

$  « INCIDENCE ANGLE

¢ e e\ e — — — —— o ——-
A M, - AKM,
.———5—‘———"—‘—1.-_—'FRIC!HYA"°“

e AN —— e S

]
o ——— sy e e L

Figure 3-22, Model for rzin backscatter.
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The volume element for backscatter calculations consists of a slab dr

meters thick at a slant range Rs tilted at an angle ¢ from the vertical and

extending distances that are large compared to SAR resolution da,‘ The pre-

-

cipitation cchoes are assumed to be random in phase relative to terrain
reflections and so constitute additive white noise; further, the vertical velo-
city coraponent is assumed to be sufficiently small that the apparent doppler-
displacement of the rain clutter spectrum is not a significant fa.ctor*. The
reflections from the ith layer volume element are subject to two-way path
attenuation from the’ layers above it; for simplificy it will be assumed that

the attenuation within the reflecting layer is negligible, Vertical extent is

assumed small compared to the vertical illumination pattern of the sensor
beum; thus terrain and rain backscatter are assumed to be illuminated at
the same relative gain.

The rain reflectivity o (units or square meters per m ) is ca.lbculated

%
' for the volume element in the ;th layer from the following relations:

roma——-y

h.ns |Kl 2 .

c — 2 (2)
5 3 L ' g
withz, = (0,05, = ar’ ' (2a) ]
) 1 j J 1 1§ ) ‘

D. i§ the diameter of the rain droplets (mm) in the jth volume element of 1 m3. ‘!

r, is rainfall rate in mm/hz, a and b are empirical ccnstants, K is a factor
reiated to the complex dielectric constant of the droplets and h is the efiec- ‘

tive distance (height) of the rain cell in the'i th layer (h = cscd)i KM). i o

#*The rain clutter signals appear shifted in angle (azimuth) relative to
the stationary ground due to the spectrum displacement of the falling
rain. For pgently falling rain (for example. velocities less than 5 m/s),
this shift will be minor; for hieavy or wind driven rain, the shift will

" be a significant fraction of the real array azimuthal beamwidth,

#%¥1) Kerr, D.E. editor, "Propagation cf Short Radio Waves', vol. 13
Radiation Laboratory Series McGraw-Hiil Book Co., 1951,
Chapter 7

2) Skolnik, M.I., detor, "Radar Handbook, McGra.w Hill Book Co.,
1270 Chapter 24, especially pp. 21-22, 23-29,

‘The Rayleigh scattering model is 2pplied to the X- and K, -tand
cases considered hzre., -
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Typically

2z, = 200 1°6
1 1

|k} 2 =0.92 _ (2b)

for rain droplets in X and K -bands and near a temperature of 8 °C; z has
the units (mm) /m3.
- The rain backscatter in the i th layer is attenuated by a factor A, -1
due to the path in the i-1 layers above the rain cell, The terrain return
signal is attenuated by a factor An due to propagation in n precipitation layers.
Thus the terrain backscatter signal F's and rain clutter power P, (signal-to-

noise) ratio is expressed as follows:

Py d d A o ;
‘5: = (3)

n
) drda z Ai- 1%
i=1

where d_, d_ are SAR resolutions, ¢_ is terrain reflectivity and d_=d, sin ¢.
g’ a o 3 r h

. Substituting relations (2) abovz with hid‘r = dg - 10 mZ yields:

- Pg ’ \4Anrr° 9\
—— ‘u"') (4)
Py 2. nSIK:Z 5 §~ f :

=3

1=1

where \ is in cms, r, is mm/hr and °:r is an equival=nt rain backscatter
coefficient: )

n

2 i-1%%

o, = 4 . (5}

A
n .

with k| % = 0.92 in (2.

3.51




—~. - e - TS L, R e,

The equivalent backscatter ceefficient o, as a function of frequency
in X- and K, ~bands is shown in Figure 3-23 for the light rain model, SEA 1
cited above for propagation losses, The effective cross-section is observed
to increase as fp, p > 4 due to the frequency dependence of tne attenuation
factors A -1 and A :

'Ihe signal- to rain clutter ratio for the baseline design (n = -18 dB,
0, = -19.2dBatpg = 40°) is near unity at 16 GHz but still appreciable (about
12 dB) at ¢ GHz, Further, the path attenuaticn for B = 40° is only 2 dB in
X-band (9 GHz) but 6.3 dB at the upper end of K,-band (16 CHz).

Moderate to heavy rains will, of course, seriously degrade X-band
performance as well as inhibit K, -band. However, severe storms are usually
infrequent and restricted to relatively small areas. The light rain can be
extensive in area and long in duration, Clearly, adverse weather favors

longer wavelengths in the ran.g'.e 9 to 13,3 GHz=z.

Bl SRR LR RRLELR NOTES:

s S " L.GHT RAIN MODEL, SEA 1:
P b A PRECIPITATION HEIGHT. 6 KM
5 , b : RATE: 1-25mm/hr
g [mewa@ P SURFACE: TEMP = 26°C
§ =t ) ' WATER VAPOR 17 g/m®
3 ' ’ CLOUD COVER: LOW STRATUS
sl /4 . Wi 1.5 g/m3
- / INCIDENCE ANGLE $=41.5°
g ATTENUATIONS (TWO-WAY):
& ®r R '2dB AT 2.0 GHz
/ - 43AT133
- / 6.3 AT 16.0
sl ALl .
10 “ 2

lGNx ——

Figure 3-23. Light rain backscatter
versus frequency.
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3.3 ANTENNA DESIGN

A preliminary antenna design has been carried out subject to the I

{ trade-offs and results of system studies. Several iterations of the concep-
L. tual design have led to the result described in the following paragraphs, - :
; { Where it is considered significant, the .rational for particular d=sign choices ‘ :
- is indicated. The dimensions of the antenna aperture are determined by a o

compler of system considerations and tradeoffs including resolution, swath : i
width, gain and transmitter power, frequency, image quality, mechanical i

constraints, and relative economy and complexity of implementation. Based

tion ~3. 2). and a consideration of the mechanical constraints associated with

a on the system performance and tradeoff studics described elsewhere (Sec-
E installation and deployment, a nominal aperture of 12 meters by 3 meters- i

is recommended,

X-and L-band, The arrays are divided longitudinally into 12 sections or

' , The radiating portion of the antenna consists of planar arrays at )
, modules, as illustrated in Figure 3-24. The sections of the radiating struc-

_ture are attached to a thermally isolated support structure by means of flex-

Se et et m ey v e

ural supports. The support structure provides the mechanical strength
required during boost, launch, and landing and to prdvide a flat stable sur-

face that will not distort unduly with the varying thermal loads encountered

4 e s

in orbit. The back-up structure will also serve as a thermal shield at the
" . back of the radiating part of the antenna to avoid the effects of a non-uniform,
> varying, and as yet undetermined thermal environment, encountered during

4 exposure to portions of the Shuttle to the payload, and to space., The flex-
ural supports serve as thermal isolators between the radiating panels and

s

the back-up structure. They also make it possible for the radliating part of
the-antenna to expand or contract uniformly with temperature relative to the
thermally stable back-up structure without inducing bending,

The choice of a plarar radiating configuration as opposed to another
configuration, such as a curved reflector with line svurce feeds is predi-

cated in part on the fact that the radiating surface is exposed to space or

< . ,
Vol . - .
e ¢ Te e ta e atbemdeemitde i ar 8 obe mon et det Ltk ;e D

solar radiation at varying angles, and the use of a planar surface avoids
shadowing. Uneven heating or cooling 2nd associated thermal distortions

are avoidad.
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Figure 3-24. Antenna dimensions and locations of fold lines.

Induced distortions are more significant with reflector artennas,
since a given displacement from the desired surface changes the distance
traveled by a wave from the aperture to the reflector surface and from the
surface to the feed, essentially doubling the effect. For the same reason
tolerances on reflector surfaces are tighter than those on the flatness of
planar arrays.

In the vertical direction the larger portion of the aperture is used
for the L-band array, while the lesser portion is used for X-band. In order
to provide imagery of the same areac at X-band and L-band the same beam-
widths ax:e nceded in the vertical plane athoth frequencies and for both hori-
zontal and vertical polarizations. The vertical aperture height required for
a given beamwidth is proportional o the wavelength or inversely propor-
tional to frequency. For zeininal froquercies of 1 and 9 GHz the aperture

height for L-band is 9 times that for X - band. Since the X-band aperture is
relatively narrow, it is possible .o utilize separate apertures for vertical

and horizontal polarization. This separation assures good isolatiou of the
polarized beam and avoids losses and complexity without sacrificing much
L-band aperture. The resulting division of the aperture is illuatrated in
Figure 3-25,
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The antenna is divided into longituZlinal sections or modules, each
supported by fiextures from the support structures., The division is both
mechanical and electrical. Corporate feeds provide bandwidth and each
longitudinal section of the antenna has separate feed inputs from a corporate
feed for each poiarization at each frequency. In addition to the longitudinal
division, the L-band and the two X-tand apertures are each divided verti-
cally into two sections of unequal height, which provides for the generation
of three different beamwidths for each type of polarization. Feeding the
narrow seciion of each aperture produces the widest beam; feeding the wide
section produces a beam of intermediate width; and feeding both sections at
once provides the narrowest beam.

The calculated 3 dB beamwidths in elevation and in azimuth are given
in Tablc 3-19. The switching that effects the changes in beamwidth is per-
f‘ormed at the inputs to the corporate feeds. The two fold antenna has six
corparate feed systemns, which are illustrated in Figure 3-26. A layout of
the feed for the X-band portion of the antenna for horizontal polarization is
shown iv Figure 3-27. T'or convenience, the width of the feed waveguide as
shown in the figure /s not drawn to scale.

The illumination of the antenna is uniform in both the azimuth and
elevation directions. The uniformity in the clevation direction makes it
possible to change the beamwidth with relatively uncomplicated switching
located at the antenna terminals. A detailed exariination of system per-
formance shows ehaping of the pattern in the elevation direction has little
advantage, while it results in a considerable increase in aperture height,

It also involves extreme complexity in changing beamwidth, Tapering in
the azimuth direction to reduce sidclobes can be done to a geod approximation
with simple changes in the power distribution of the corporate feed, but this

does not appear warranted since some on-axis gain would be sacrificed.
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TABLE 3-19; CALCULATED 3 DB BEAMWIDTHS —~
C- 12 M ANTENNA

Elevation Plane:

X-Band
. and
L-Band

Azimuth Plare:

Both Arrays
Upper Array
Lower Array

X-Band . 0.153 degree

. L-Band

1,287 degrees

6.29 degrees
9.44 degrees
B8.87 degrees

i

MODULE
L~ £eE0 POINT

TO MICROWAVE -~

FOLD LINES
}
. !
SRR EEER R R NN aka
’ ! [
) 1.9 | 1.1 1. { 1y "L
] ]
11 l ‘
| |
ul (I T
i |
| 1.1 |
| |
! !
3POSITION 2 ¢
oo e . CIRCUITAY
10 OTMER ARRAY

Figure 3-26. Feed schematic.
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Figure 3-27. X-band feed-system horizontal polarization,

Antenna gain figures for the various beamwidth frequencies and

pola.riza:tions are given in Table 3-20. The table gives the area gain. From

this the tabulated total losses are deducted to give the gain values as they

would be measured at the antenna output to the receiver or antenna input

from the transmitter.

The losses include losses attributable to aperture

efficierncy, feed losses and effects of VSWR, Microwave devices are neces-

sarily irierted between the transmitter and receiver terminals to provide

TABLY 3-20. ANTENNA GAIN - 12 M ANTENNA

Arez Galn .o88e8 Gain
dB dB . dB
'==£
X-Band (9 gHz) Both Arrays 45.79 2.4 43.39
" Jpper Array 44.03 2.4 41.63
) Lower Array 41.26 2.4 38. 86
I,-Band (1.045 gHz) .. Both Arrays 36.44 2.4 34.04
Uoper Array 34.68 Z.4 32.28
Lower Array 31.66 2.4 29.26 i
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duplexing betv)een transmitter and receiver, receiver protection.‘monitioring
of the transmitter power, monitoring the power reflected from the antenna
terminals, in addition to switching the beamwidth and polar_lzat.ion. j.osses
for such devices at L.-band and X-band are given in Table 3-21 for the repre-
sentative circuit configurations shown in Figures 3-28 and 3-29. The table
includes loss values that would be specified for the proéurement of the
devices listed and values that could be expected to be obtained typically when
so specified. The waveguide losses under item 5 of the table are for suffi-
cient length to run all the way to the antenna from the pallet should that be
necessary. ’ .

The two senses of polarization at L-band are provided by crossed
dipole stripline radiators. - Such a radiating element with nearly an octave
bandwidth and greaier than 30 dB of isolation of polarization is illustrated in
the photograph of Figure 3-30. The arrangement of the elements in the
L-band aperture is shown in Figure 3-31., The dipoles can be fabricated
reprodixcibly and economically by photographing and etching from metalized

' board. They can then be sheared from the sheet rapidly and simply. An
array of dipoles of one polarization for space application, where the dipoles
were fabricated in this way, is shown in Figure 3-32 in a test cpnﬁéuratlon.

-At X-band tl.e RF power requirements are higher than at L-band and
RF losses in radiating circuitry and in the long fcea lines are generally
higher. Lnsses become more significant and to minimize them a waveguide
feed witk slot radiators is to be recommended, and stripline and radiétihg
and feed elements such as u",‘,i at L-band are to be avoided. Both sez;ses
of polarization can be provided with broadvrall, shunt, elot radiators, .
The antenna ‘installation is influenced by several factors. Ag installe
within tae shuttle it must withstund the structural loads impcsed at launch and
boost. It is important that it be accommodated on a single pallet. In orbit
the antenna must be deplnyed and properly oriented., For return to earth it
must oe replaced within the shuttle, and safely withstand the etresses of
landing. inan exﬁergency it should be pcssible to jettison'the deployed

0

antenna,
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For a nominal antenna size of 3m x )J2m. it is uecessary to fold the
anterna about an axis that is perpendicular to the lonz dimension. Cne Zold
2t the mid point couid result in a package uf about o meters by 3 meters and
two folds would give a stowed coafiguration approximately 3 meters by
4 meters, which could fit on 2 singie paliet,

Several ways of mounting and degploying the anicnna have been con- .
sidered. A configuration with a single fold that would require two pallets
for storage is iilustrated in Figures 3-33 and 3-34, A shown in the figure
for deployment, the antenna would be rotated about an axis parallel to ane
edge anc parallel to the {ongitudinal axis of the shuttlie., It would then be
unfolded about a hinge line perpendicular to the long dimension.

A secon? arrangement deployed from a single pallet is iliustrated. ia
Figure 3-35. For stering an antenna with a long dimension c¢f nominally

’
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Figure 3-33., Single-iold fully deployed antenna.
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4 meters on a single pallet two folds are necessary. The antenna and its
support structure would be rotated out of the payload bay on a deployment
arm and then unfolded. Fullowing unfolding the antennz would be situated
with the long axis transverse to the shuttle's longitudinal axis, Use in this
position requires that the shuttle fly sidewise. At the cost of additional
mechanism the antenna can be rotated through 90° so that the long axis is
parallel to the longitudinal axis of the shuttle as also shown in the figure.
A third configuration is shown in Figures 3-36 and 3-37. This

arrangement is simplest in that following unfolding the antenna is simply
rotated about the leading edge to give the desired clevation angles. The
configuration - restricted to use with sidewise shuttle flight. As can be
seen from th. figure the aperture is uncbstructed at an angle of 60 degrees

off the nadir if one pallet length intervenes between that on which the antenna
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is mounted and the aftér end of the space laboratory and if nothing on the
intervening paliet projects in front of the antenna.

In the configurations as illustrated by the figures, the receiver and
tne transmitter, high voltage power supply and associated low voltage cir-
cuitry are shown as mounted on the back of the antenna on a cold plate., The
objective of so xﬁount'mg this equipment is to eliminate thc loases of rf trans-
mission from the pallet to the antenna and the losses and complexity of
rotary joints. Power, control signals, receiver outputs, and conlant would
be carried in lines within or along ilie deployment arm. Servire loops are
contemplated to avoid slip rings or rotary joints.

An accurate weight for the antenna cannot be obtained until a substan-
tial portion of the detailed structural design is completed: The weight has
been estirﬂated.- however, by comparison with a previously constructed large
X-Band antenna, approximately 8 meters long. The weight per unit aperture
area of this device was 20.3 kg/m?‘. A major portion of that weight was in
the structure used to support the antenna, which was cantilevered from one
end when folded once. Using 20.3 kg/m2 value gives a weight of 731 kg for

a 3m x 12m antenna, without allowing for weight of the deployment mecha-

-~ nism. The addition of 158 kg‘(350 lbs) as an estimate for the transmitter and

receiver package would give an on-pallet weight of 889 kg. Considerable
reduction below this figure should be practicable, but it is not entirely clear
without more detailed structural and balance considerations with more firm
inputs relative to dynamics and allowabie loads on the shuttle whether in fact
mounting the transmitter and receiver package on the back of the autenna
gives the optimum configuration. ' -
Several aspects of the design have not yet been assessed iu the detail
\iecessa;y for final design. This assessment is dependent on parameter
data not yet available, including the following: The effects of the exhaust
plumes from the reaction control system, the dynamic effects of the RCS
which need to be accounted for in the structural design, the thermal envi-
ronment, the possible effect of the antenna on the shuttle"heat rejection sys-
tem, and of course the structural detail depending upon the dynamic inputs

at the pallet.
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3.4 TRANSMITTER DESIGN

3.4.1 Introduction and Problem Statement

The Spacelab radar requires X and L band transmitters of relatively
high peak and average power. These power levels would prescent little risk
in terrestrial equipment, but the Spacelab application requires the solution
of several problems unique to a space environment. Am:ng these are b'igh
power microwave breakdown in antenna, feed, and other microwave compon-

- ents; breakdown in high voltage portions of the power conditioner; and cocling
of high voltage components in the absence of convection,

Although equipn:'nent operating at these power levels has not ro our
knowledge been successfully flown in space, several design studies have
examined the p;oblems of high power transmitters in long-term orbital’
missions. Many of the findings are applicable to the Spacelab mission,
although the short-term nature of the Spacelab mission requires some modi-
fication of the solutions to the design problem.

This section deals with transmitter design and the attendant design
problems. The requirements of the Spacelab transmitters are summarized,

A baseline design that meets these requirements is then described. It is a

_ design that represents a good compro.nise among solutions that must satisfy

competing criteria.. Finally, alternate design approacheg that utilize other
compromises in meeting these functional requirements are discussed. In
addition, the impact of meeting-different requirements (e.g., different power-
levels) is also discussed. '

" 3.4.1.1 Transmitter Functional Requirements

Electrical Requirements, The transmitter electrical requirements
are summarized in Table 3-22,

Environmental Requirements, Environmental requirements are.
summarized in Table 3-23,

Reliability. While not specified, reliability is assumed to be 98 per-
cent probability of success for 30 day mission after 100 hovrs of ground
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TABLE 3-22, TRANSMITTLER ELECTRICAL REQUIREMENTS

L-Band

X-Band

Pealk power (kW) 6.8 17
Center frequency (GHz) 1.04 9.0
Bandwidth (MHz) 75 75
RF drive (max) (W) ) 6.8 0. ZA
Pulse width (ps) 15-25 16-25
PRF (Hz) 1200-1800 1200-1600
Duty factor (max) — 2.9% 2.9%

' Average power at max duty (W) 200 506 ‘
Frime pocwer voltage vdc 30 2.5 30 £2.5
Prime power consumption (max) A(kW) 4 kW total 4 kW total

t

TABLE 3-23, TRANSMITTER ENVIRONMENTAL REQUIREMENTS

Pressure: On-Orbit

1.4x10-5t0 1 x 1010 Torr

Launch " Sea level to 8 x 10-6 Torr

Vibration
Shock
Humidity
Salt Spray
Radiation

Cooling Provisiuns:

Cold Plate Tcmperature 24-40°C
Maximum Heat Load . 2.5 kw*

Per JSC 07700 V,XIV Rev, C
. and Spacelab Payload Accom-
modation Handbook

*Up to 4.85 kW is available for all Pallet Fxperiments. 2.5 kW is

preliminary aileecation to transmitter,
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testing operation, The duty cycle in orbit is assumed to be ten bercent

(100 on-off-cycles).

3.4.1,2 Interface With Spacelab

The Spacelab transmitter uscs a significant percentage of the available
Spacelab prime power and thermal dissipation capabilities. Therefore the
interface between the transmitter and Spacelab must be carefully considered
in the transmitter design process. The interface design is based on infor-
mation obtained from References 1 and 2, Some of the more important

characteristics of the intertace are discussed in the paragraphs below,

" -Electrical Interface. All prime power utilized by the Spacelab is

supplied by a dedicated fuel cell with a capacity of 7 kW of average poiver or
12 kW of peak power at 26-32 volts-DC., Peak power is available at a duty
cycle of 15 minutes three tirres a day. With the Spacelab in the pallet/
module configuration, the power available for all Spa~elab experiments,
after allowances are made for Spacelab subsystem consumption, is 4 kW
average and 9 kW peak, The information on the portion allocated to the radar
experiment is not now available., However it is assumed that 5 kW is avail-
able. to the radar and 4 kW to the transmatter, This is a conservative esti-
mate considering the low duty cycle of radar operation. As will be shown
subseqguently the transmitter will usc considerably less and still meet its
operating requirements. _ o

This power is available at either 26-32 volts DC oxr at 115 volts—
400 cycle regulated three phase AC. The total power available or. the AC

bus appears to be insufficient for transmitter use, and there is no particular

‘advantage in using it from a total power consumption standpoint,

~ The characteristics of the prime power supply, such as impedance,
ripple and aliowr.ble current waveform have not been specified. in detail but
must be considered in completing the detailed design. In particular, the
load current waveform is important in this application because the radar
transmitter is inherently a pulsed load. The prime power bus current drawn
by the transmitter can be expected to have stx;or.g AC components at the
system PRF, .
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Thermal Interface. The only cooling provision available to the

transmitter is the pallet cold plates, As pointed out below, it would be
desirable to have a supply of liquid coolant available for the transmitter,

for two reasons. First, this would allow mounting the transmitter on the back
of the antenna which is desirable because it minimizes RF losses, helps '
counterbalance the antenna during deployment, and removes the requirement
for a'high power RF rotary joint. In addition, the transmitter tubes utilize
liquid cooling. Thus, it would be desirable if liquid coolant were available
from the Spacelab thermal control system, However, such availability is not
assumed and the design is based on providing a liquid cooling loop to transfer
heat frorm the transmitter to the pallet cold plate, With the Spacelab in the
pallet/module configuration the thermal control system can accommodate a
sustained heat load of 4,85 kW from the pallet experiments, To pruvide for

a condition in which the combined heat load of all the pallet experiments
exceedsr 4.85 kW. heat capacitors are provided to store excess waste heat

for subsequent rejection to the orbiter ATCS.

.Alternate Interface if Igloo is Used. The preceading discussion of

the thermal interface assumed that the transmitter modules were monunted
‘either on a cold plate attached to the antenna or on the pallet cold plate, One
possible alternate configuration is to package the transmitter in the igloo
provided by Spacelab. In this case, 1.5 kW of heat rejection is provided by
an integral dry nitrogen cooling loop. A liquid cooling loop, however, would
still be required by the transmitter power tubes. The dry nitrogen at one
atrnosphere of pressure would also serve as the high voltage insulation

medium for the transmitter.-

t

3.4,1.3 Key Design Issues

R;adar transmitters at high peak and average power levels that are
intended for terrestrial operaiion present few design prob,lefns com‘oared to
spaceborne transmitter. The technical problems encountered in deaigning a
spaceborne transmitter are compounded by the lack of convective heat trans-
fer in the gravity free space envirnnment and by the problem of electrical
breakdown at reduced pressure levels. Thede problems are discussed.in

the following paragraphs.
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. High Power Microwaves in Space. At the power levels utilfzed for

. microwave operations in space, breakdown can be expected in microwave

transmission lines and components unless special precautions are taken,
Two breakdown phenomenon are of interest, namely: ionization breakdown
and multipacting, The power level at whicn ionization breakdown occurs is
pressure dependent and is at a minimum in the pressure range of 1-10 torr
for air. The breakdown power in this range is very low, on the order of

3 kW for WR-90 waveguide. The breakdown threshold rises for higher pres-
sure or better vacuum, For pressures less than the maximum of 1.4 x 10-5

torr specified in orbit, the ionization breakdown threshold is theoretically -

" adequate for these power levels. It is very difficult however, to guarantee ~

sufficiently low pressure levels because of outgassing in confined spaces.
One possible method of avoiding éritical pressures is to vent waveguide and
microwave components so that the pressure could be low enough to avoid
ionization breakdown., This pressure would be on the order of 10'3 torr, If
this approach were taken, the possibility of multipacting discharge would
have to be censidered,

An alternative approach is to pressurize the microwave circuitry, In
a long-term space mission, this presents a considerable problem because of
the difficulty in keeping leak rates very low. In this application, however,

the mission time is short, which makes pressurization practical and straight- .

forward. In addition, it solves the major drawback of vented vacuum systems;

the possibilily of local pressure buildup due to outgassing.

High Voltage in Space, The transmitter power supplies produce volt-
ages up to 18 KV, The power supplies must be packaged in a way that pre-

vents ionization breakdown. This can be accornplished either by thoroughly

venting the equipment (''vacuum dielectrics') or by introducing a suitable .
dielectric medium. Fach of these approaches has its advantages and dis-
advantages; these are summarized in a subsequent section,

The production of significant average power at high voltzge imposes

additional problerms. The major heat removal mechanism of fluid dielectrics-

convection-ig absent in a gravity-free envircnment, Therefore either arti-
fical convection must be provided by circnlating a fluid, or else cenduction”

must be used as the primary heat transfer rnechanism.
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Design Premises, Design of high power, high voltage equipment for

- space applications involves tradeoffs among several competing technologies.,

Resolution of these tradeoffs requires judgments concerning the relative
empnasis to be given different aspects of transmitter performance, and this
in turn is influenced by objeciives. The major objectiive for this.effort has
been a simple, reliable design that involves minimum development risk., The
design employs a liquid dielectric for the high voltage circuitry.,” While gas
or solid/vacuum systems might offer some advantage in terms of weight,

the technology of the oil dielectric system is much more mature and entzils
significantiy less risk.

The baseline design approach utilizes pressurized transmission lines
between the transmitter and antenna manifold. It is not expected that prés-
surization will be required in the antenna sirce the power levels are reduced
to safe levels after power division in the RF manifold. The primary trans-
mission line must handle full transmitter power and should be pressurized
to ‘eliminate any possibility of ionization breakdown, Critical components -
susceptible to breakdown are the dupiexer devices which contain ferrite
material, In the absence of ;.aressurization it is very likely that this material
will outgass sufficiently to initiate ionization breakdown at the peak power
levels involved. . ‘

In a long-term space mission, pressurization would require the solu-
tion of difficult problems in sealing the microwave assembly, but theae pro-
blems are not significant for the Spacelab mission. The alternative approach

of venting the microwave assembly carries the risk >f breakdown caused by’

’ outgasaing (particularly serious in a short mission) aad would require con-

siderable component develorment and evaluation,

With the required RF power levels and the prime power believed
available, efficiency, while an important transmitter parameter, is not a
crucial one. Accordingly, we have designed for high efficiency, “but riot at
the expense of reliability. This is reflected in the relative simplicity of the
power conditioner circuitry.

It was decided to make the L-band and X-band transmitters as inde-

pendent as possible.. The power conditioners of the two transmitters offer




S .

relatively little opportunity for commonality, and separating the two
transmitters provides signifizant advantages for ground checkout and tr:uble-
shooting., It also isolates the effects of failure modes, making it posaible

for operation to continue with one transmitter in the event the other fails,

3.4.2 Baseline Transmitter Designs

L-band and X-band transmitters have been configured to satisfy the

functional requirements. Their major features are summarized below:

Grid-Modulated Klystron Power Amplifier at X-Band
TWT Power Amplifier at L.-Band
. Oil-Dielectric High Voltage Circuitry

Pressurized Waveguide and Microwave Circuitry

Transmitter Mounting on the Rear of the Antenna

The deta_ils of the designs are discussed below,

3.4.2. 1" L-band Transmitter

The major parameters of the L-band transmitter are summarized in
Table 3-24, Its block diagr.am is shown in Figure 3-38, It uses a periodic
permanent magnet focussed TWT power amplifier, whose major parameters
are summarized in Table 3-25, This tube was selected beca‘use:
o It provides good efiiciency (30 percer;t undepressed, or 35 to
40 percent with =ingle collector depression)

o Its grid modulation capability is compatible with the IsRF and
pulse width flexibility required for this application.

o Itis lighter and has a more favorable form factor than com-
parable L-band klystrons and cavity amplifiers,

e Its high gain eliminates the need for any other tube in the
transmitter; it can be driven by a solid state amplifier,

o Involves only modest scaling of a production TWT (L-5476)

The tube output is protected against poor output VSWR by a three-port
coaxial circulator. A second circulator followed by a diode switch-limiter

receiver protector, performs the duplexing function. Incident and reverse

- power monitoring couplers are proviced for protection and menitoring
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TABLE 3-24. L-BAND TRANSMITTER PARAMETERS (TWT)

RF center frequency : 104C MHz
RF bandwidth >75 MHz
Peak RF vower _ 6.8 kW
Max duty ' - . 2.9% '
Max average power ’ 200 watts
Pulse width ' 15-25 ps
PRF o . 1200-1800 Hz
Transmitte,r efficiency v 28 %
Max prime power consumption - _ ‘ 714 watts
Waste heat : 514 watts
Transmitter weight ‘ 52 KG
ANTENNA

4 RECEIVER
RF DRIVE 1 7N | PROTECTION
} XX xx OEVICE

i 5

INCIDENT

n::é.:g‘m

& o L

ﬁ g MONITOR

l t REFLECTED |
| POWER
MONITOR
;o
I . ] Y/
HEATER - GRID HIGH YOLTAGE CONTROL AND
SUPPLY WODULATOR POWER SUPPLY MONITOR UNIT

sTATUS
0 vDC COM"ANDS "l GGER DATA

Figure 3-38. Transmitter block diagram.
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TABLE 3-25. L-BAND HIGH VOLTAGE POWER SUPPLY PARAMETERS

Cathode voltage 9.5 kW
Peak cathode current : ) 2.05 A
Average power output - 570w
Efficiency ) 80%
Prime power consumption | - 712 W
.Was.te' hgat generated . | ‘ - l42 W
Weight - 20 kg
VK regulation ’ +0,5%
VK droosp ‘ 0.5%
Switching frequency 5 kHz

pur;;oses. All these microwave devices are well within the state of the art .

and would require relatively little development for this application,

. High Voltage Supply. The high voltage power supply block diagram is

shown in Figure 3-39, Its major parameters are summarized in Tabie‘3‘a~26.A
Unregulated DC from the space shuttle is converted to an intermediate bus
voltage of 150 VDC by a pulse-width modulated converter. This voltage is
then used to drive a DC-DC converter which generates the cathode and
collector voltages. Use of a straight (non-PWM) converter for this function
avoids the need for LC-filtering of the high voltage rectifier outputs, The
conve:ter. transformer drives a voltage doubler and a full wave rectifier .
whose outputs are placed in series to produce the 9. 5KV cathode voltage.
This configuration provides good regulation while maintzining an acceptably
low primary: secondary turns ratio,

The collector operates at about 35 percent depression. It is decoupled

from the cathode reservoir capacitor, Cg, by diode D. Cpg nced only supyly .

the TWT body current, and thus ver;r low droop can be achieved with a rea-
sonable size capacitor. The collector current is furnished by the voltage

doubler output capacitors. Since collector voltage is much less critical,
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Figure 3-39. L-band TWT high voltage
) block diagram.

power supply

TABLE 3-26. X-BAND TRANSMITTER PARAMETERS

RF center frequency

RF bandwidth

Peak power

Max duty

Max average power

Pulse width

" PRF

‘Total éfﬁciency

Prime power consumption’

Waste heat

“Total weight

9 GHz |
75 MHz
17 kW
2.19%. ’
500 watts’

'15-25 ps -

1200- 1800 Hz

36%
1390 watts
890 watts

91 KG-
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the collector voltage can be allowed to droop much more thau the cathode
voltage, and thus the capacitance needed to supply collector current in this
configuration is much less than would be needed if collector and cathcde were
supplied from a common reservoir and the collector droop were determined
by cathode droop limitations, ' .
The cathode voltage is regulated by feeding back a semple of the
cathode voltage to the PWM converter. This converter also incorporates
a feedback current limiter to minimitce prime power bus current transients.
A separate regulator and converter supplies low voltage power forms
to the transmitter power conditioning circuitry, One of these is 150 volts °

regulated for the grid modulator and heater supplies.

Heater Supply. The heater supply is shown in Iigure 3-40. The
heater voltage is supplied by a DC-DC converter, whose output floats at
rathode potential., The output voltage fromi the converter is sensed by a feed-
back winding on the converter transformer and used to control the converter
input voltage, This.configuration provides regulation on the order of 2 per-
cent without direct sensing of the heater voltage, thus el;minﬁting the need
for sense circuits floating at'high voltage, ' .

The heater supply output voltage can be adjusted by changing the
reference voltage for the feedback loop. Tube-to-tube variation in heater ‘
voltage requirements can thus be satisfied without adjusting any components

in the high voltage portion of the supply.

- ! ADJUSY - . :
© HEATER VOLTAGE N
CATHODE
LINEAR 0C-0f: E
+1 VOC RICWATOR 4 CONVERATER
orneg HLATER

— L e

Figure 3-40." Heater .supply block
diagram.
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leid Modulator. A block diagram of the gnd modulator is shown-in
Its outstanding feature is the absence of any active devxces
A DC-DC converter incorporating the transformer

Figure 3-41,
floating at high voitage.
T1 establishes a B+ vnitage equal to the desi.ed grid "on' voltage with respect
It also establishes a voltage that is about 150 V negative with

respect to cathode (the grid bias voltage).
Jn the interpulse period, the secondary voltage of transformer T2 is

zero, diode D does not conduct, and the grid is held at the bias voltage. When

.the TWT is puised on, a pulse applied to T2 swings the grid positive until D

éonducts, The grid is then clamped to the B} voltage for the duration of the
pulse, 'removing the effects of ringing, overshoot, and droop attributable to
T1. At the end of the pulse, the voltage across the secondary decays and

reverses, D stons conducting, and the grifl voltage returns to the bias level

(it overshoots the bias level slightly until the core of T2 resets), The clip-

jsing action results ina ver)} ciezn grid pulse.
The grid pulse voltage must be controlled to close tolerances. Itis

determined by the B+ voltage generated by the DC-DC converter, This volt-

age is reguluted ina manner similar to that in the heater supply, in which

the voltage from a feédback winding on the converter transformer is used to

adjust the conv.rter input voltage, Adjustment of the reference for this feed-

back loop allows the grid voitage to be adjusted for tube-to-tube variations.

. o “
ADAIST .
" GRI0 VOLTAGE :gl\.}s T g—f GRID
-
& . BAIDGE ¥
Du-DC
LINEAR
. REGULATOR AR reR cATHODE
1 ,f FOLL- [ 1 3
WAVE =) :;
l ORIDGE
>
2

I ' 3 Vaias
) ' homsae ™"

ADRIST
GRID VC1TASE

UINTAS PULSE _
REGUL&:OR TRANSFORMER
DRIVER >
T2

Figure 3-41, Grid modulator block diagram.
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Because the output of this converter is at a higher voltage than that of the
heater supply, (resulting in a turns ratio nearer unity' and smaller diode

drop effects) the voltage accuracy of this converter is better than that used

-in the heater supply; typically it is one percent.

The pulse transformer is driven by a saturated transistor switch,
The pulse voltage is adjusted by varying the driver supply voltage., While
not strictly necessary, allowing adjustment of the PT voltage reduces the
range of load currents which must be accommodated by the converter and
thus reduces power dissipation in its bleeder resistor, Rpg. Since this
component floats at high voltage, minimization of its dissipation is desirable.

The PT driver is driven by a pulse generated by the synchronizer
portion of the transmitter's control and monitor circuitry, A duty cycle
limiter is incorporated in the low-level portion of the modulator to protect

the tube from anomaloua operating conditions,

Control and Monitor. The block diagram of the control and monitor-

ing unit is shown in Figure 3-42, It performs the following functions:

1. Mode Sequencing: Crderly appiication and removal of TWT
voltage forms with appropriate delays, either in response to

CLOCK PULSE =D =8> CONVERTER SYNC PULSES

PRF TRIGGER ~—p TIMIRG |————0>" RECE{VER PROTECTOR BLANKING PULSE
AND ; 1
PULEE WIDTH SYNC pe——={> AF DRIVER AMPLISIER PULSE
COMMANDS . ) GRID PULSE
GRID PULSE
ENABLE
WODE f—e————t> FILAMENT ON COMMAND
MODE i SEQUENZING
LOGKE |2 HIGH VOLTAGE ON COMMAND
F——-— &> OIAS ON COMMAND
LOGIC —
FAULY —% ?R%mm“‘ FAULT INDICATION
SIGNALS =D LOGIC ‘ TO DISPLAY
FROM ¢
URITS (e
é, syue
ANALOY ~—O
STATUS — WL;’;;‘E" 5 SERIALSTATUS
OATA
SIGNALS ~—0> AD

Figure 3-42. Control and menitor unit.
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system turnon/turnoff commands or in response to fault
conditions.

2. Fault sensing: Sensing of conditions which could damage the
TWT or power supplies; also generation of appropriate mode

change commands in response to the fault signals,

3. Status monitorirg: Monitoring of transmitter parameters for
purposes of fault isolation, checkout, and to gather long-term

.. trend data. -

4, Synchronization: Generation of the transmitter gate pulse,

T receiver protection device blanking pulse, and converter sync

pulses, given a clock and PRF trigger generated by the radar
processor, -

Mode sequencing involves the modes defired below:

Dormant (D)
Standby (S)
Ready (R)
Transmit (T)

Transmitter completely off

Heater and bias supplies energized

Heater, bias, and high voltage supplies energized
with TWT pulsed at the system

Same as ready, but
PRF.

In the normal, turn on sequence, the transmitter changes from one mode

to the next with the following delays:

D—S: 10 sec,

S —R: 10 minutes (allows heater warmup)

R—-T: 10 sec (allows stabilization of high voltages)

Sequencing in the reverse order at turnoff involves no delays,

Reaction to fault conditions involves a2 sequence toc a lower order

mode with ne delay,

After this sequence is performed, the transmitter

resequenced to an operational mode,

transmitter are as follows:

Signal

TWT body current
Reflected power

Fault Conditi:m

"locks up' and requires a reset command to clear the fault before it can be

The fault signals to be monitored must be selected with care since
monitoring an excegsive number of signals can reduce reliability because of

failure modes in the fault circuitry. The favlt signals selected .for this

Action in Response tc Fault

Overcurrent

Overpower
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Return to Standby
Return to Ready
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Signal - Fault Condition Action in Response to Fault

Cathode voltage Overvoltage - Return to Standby

Prime power bus current Overcurrent Return to Dormant

The monitoring function samples a number of analog signals, converts
them to digital form, and transmits them to the module bay electronics where
they are multiplexed into the radar data stream and recorded on tape., They
are also available for display from the operator's console. The signals to
be mohitorqd include: RF Output Power; RF Reflected Power, Cathode »
Voltage; TWT body current; Primeé power bus voltage and current; PWM
converter output voltage; and selected temperatures.

" Other signals would be added in che detail design phase of the program.

The synchronization function accepts a clock, PRF trigger, 'and
pulsew:ldth command, and generates internal timing signais for other C/M
functions as well as the transmitter gate pulse for the modulator and a blank-

ing pulse for the receiver protection device, which overlaps the transmitter

‘gate pulse.

The design of the control/monitor unit is straightforward, using TTL
MSI logic. LSI may well offer significant ad.va.nta.ge in the time period in
which this transmitter is to be constructed; its-use should be considered at

that time.

Physical Design. The high voltage portions of the power supply,

modvlator, and heater supply are packaged in a sealed container filled with . )

dielectric oil (Wemco C). A spring-loaded bellows permits thermal expan-

Qion of the oil and maintains a positive oil pressure to prevent outgassing.

A typical package of‘this type, designed fcr space application, is shown in

Figure 3-43, ' ‘
‘Thermal analyses of a similar power conditioner indicate that the

insulating oil provides sufficient heat conduction to maintain the component

temperatures within reasonzble limits, allowing the high voltage mcdule to

be cooléd. by conduction through its mounting surface.

The low .voitage portions of the high voltag'e s.upply'. heatev supply,

medulator, and the control/monitor a. 2 mounted in a second module, whiel

is cooled by conducticn through its mounting surface.
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Figure 3-43, HVPS component (packaged in sealed
container), -
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The TWT, the two power conditioner modules, and the ngicrowave
components are all mounted on a cold plate, which is in tur+ mounted on the '
back of the antenna. The cold plate temperature is controllied by a tuoling

S

loop, which circulates coolant through the transmitter cold piate, the TWT,

and a heat exchanger which is cooled by the spacelab cold plate.
Mounting the transmitter on the back of the antenna reduces RF losses
and avoids the need to use a rotary joint for handling the full RF power, l

3.4.2,2 X-Band Transmitter . 5

The X-band transmitter's major parameters are summarized in
Table 3-27. Since its design is very similar to that of the L-band tranamitter; :
only the differences are discussed below,
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TABLE 3-27. X-BAND TRANSMITTER FARAMETER SUMMARY

Center frequency 9 GH.z
Peak RF power , C . 1TkW
Average RF p‘ower - 500w

RF bandwidth ' 75 MHz .
RF drive (max,) 6w
Pulse width E 15-25 pus
PRF . . 1200-1800 Hz
Duty factor ’ . 2.9%
Transmitter efficiency ) 36%

The klystron high voltage power supply differs from the L-band unit
in the absence of collector devpre'ssion. The function of diode D (Figure 3-39) is
the sarne as the L-band unit — to decouple the collector from the cathode
reservoir capacitor Cp. Thus, Cy need only supply the body current and
very low cathode voltage droop can be achieved with a reasonable size
capacitor. '

The transmitter block diagram is the same as the L-band transmitter

"shown in Figure 3-37. Tt uses a klystron as its power amplifier; its major

characteristics are summarized in Table 3-28, The klystron output feeds a

four-port, differential phase shift circulator which serves both to isolate

the‘kl’ystron and perform the duplexing function,

Several devices have been considered as receiver protection devicea';
A multipactor/diode limiter has been tentatively sclected since it provides
the best combination of power handling capacity and reliability. A ferrite/
diode limiter is also attractive for the purpose, It has the advantage of not
requiring auxiliary power forms, but such devices are not now capable of

operation with a 500 watt average power transmitter,
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The klystrt;\n operates at 17,8 kv and 500 W average power, compared
to 9.5 kv and 200 W for the L-band TWT, The high voltage portion of the
power conditioner will be correspondingly larger to standoff higher voltages.

_ The high voltage power supply DC-DC converter will use three voltage doublers

to obtain the higher cathode voltage, Otherviise, the basic designs of high
voltage supply, heater supply, modulator and control monitor, are tire same

"as for the L-band unit.

The X-band and L-band transmitter components are mounted on the
same cold plate. The X-band klystron is cooled by liquid convcction while
the L-band TWT is cooled by conduction cooled. Thus, the liquid cooling
loop which cools the cold plate is algo routed through the klystron before

returning to the heat exchanger,

3.4.3 Trausmitter Tradeoifs and Alternate Designs

During the process of arriving at the baseline point design a wide

range of peak and average power levels were considered. The peak power

level is traded off for pulse compression ratio and average power for antenna
size, image quality, etc. Rather than configure a transmitter for each point
design considered, one transmittzr design was configured and the major

impact on transmitter design of different peak and average power levels

‘- was evaluated.

Different peak and average bower levels are reflected primarily in
the choice of RF amplifier and certain aspects of the physical design. Many
of the circuit concepts developed for the high voltage power supply, grid

_modulator and control and monitor apply to all power levels considered in the

. tradeoff matrix. These basic concepts have evolved through years of experi-

ence in the design of high reliability high performance transmitters for a
wide range of space and airborne applications, The basic tradecffs required
to arrive at these desiga concepts were performed in numerous design efforté
of the 'past and were not repeated for this study.

~ The discussion of alternate transritter designs will start with a dis-
cussion of some of the major breakpoints associated with Jifferent peak and

average power levels,
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3.4.3.1 Different RF Power Leels

The RF power levels for the baseline point design are a reasonable
compromise hetween conflicting parametcrs such as antenna size, power
availability, thermal dissipation capabilities, rcasonable pulse compression,
etc. At this time, it cannot be stated that the baseline point design is the
optimum choice for the spacelab transmitter since there is some uncertainty
associated with the relative importance of the various system parameters
that were traded off in arriving at the point design, For example, there is
some uncertainty about power availability if power must be allocated among
several spacelab experiments simultaneously, The impact of differ;ant peak
and average power levels on the transimitter design is discussed in the follow-
'ing paragraphs, _

The baseline transmitter design approach is suitable, without signifi-
cant modification, for a wide range of peak and average power levels, There
are breakpoints however, where some modification to the baseline design
occurs, These breakpoints will be identified rather than configuring trans-
mitters for all point design considered, .

in general, transmitter weight increases as the square root of the
average prime power if no breakpoints are passed. If active cooling is avail-
able and no weight constraints are imposed, then the only limitation on aver-
age power is in its availability. It is desirable 'however. to minimize the
degree to which active cooling is employed. In particular, for transmitters
a2bove a certain power level.it becomes necessary to circulate the mineral
oil in the high voltage containers because of the limited thermal conductivity
of the minz2ral oil and the absence of convective heat transfer in the gravity
free environment., The X-band transmitter is felt to be an upper lirnit for
which static conduction through the oil can be used to remiove waste heat
from the high voltage components. Since the thermal performance may be.
xharginal, it is felt that solid heat conduction paths (e.g.; berillia stand-
offs) should be provided to expedite heat removal from the high voltage
circuitry. For power levels much higher than this, the thermal probler;x
becomes critical and artificial circulation of the medium may become

necessary. Inany event, it is felt that this would be an acceptable and
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. appropriate soluticn to the problem if higher power levels are -reduired,
in view of the short term nature of the spacelab mission. .

The average power capability of transmitter tubes is essentially
unlimited if solenoid focuss.ug is acceptable. However this is considered
unacceptable for the spacelab radar sine the focussing electromagnets
require 1-2 kW of power., Thug the average power is constrained by th=
inherent capabilities of PM or PPM focussed tubes. The: _ band klystron
considered for the hiseline design can be designed for avex.age power )
levels up to 2 kW, and thus a comfortable margin exists, If an X-band TWT .
is utilized, the average power limit is about 500 watts with present state of
the art, The average power limitation of the L-band TWT is 350 watts. If
un L-band klystron is utilized, average vower levels up to 2 kW can be .
accommodated.with PPM focussing.

Conduction cooling oi the RF transmittez; tubes is desirable, however,_ '
this is not within the state of the art for 500 watts at X-band. About 160 watts
of average power is a reasnnable upper limit for wkich cooling the klystron
by-conduction is practical,

Since L-band waveguide is quite large, a significant saving in weight
and volume can be realized through the use of coaxial transmission lines and
circulators. The problem that accompanies the use of céaxial tranamission
lines is the removal of heat from the center conductor, This can be don: by
using thermally conductive dielectric material for the center conductor 'sup-
port structure., The br:eakpoint for the L-band coaxizi system is provided
by the coaxial circulator. Present state of the art for these devices is
abbut 350 watts average,

~ Raising the transmittcr peak power requires ircreased pressuriza-.
tion in the RF ti'a.ns:-nic sio lines to prevent ionization breakdown, There
" are no breakpoints within the range of peak power levels considered for the
spacelab transmitter. Highex RF power levels require the application of
correspondingly higher voltages to the klystroas., Again there are ne clear
breakpoints except that the physical design pronlem becomes increas:mgly
critical as vnltage levels are increased. It is expected that pressurization
or solid/potted high voltage interconnections will be required in the space

envivonmert becween the oil filled bellows containers and klystrons.
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To simplif{y the physical design of the transmitter it is recommended
that peak power levels be traded against increased duty factors and pulse
compression ratio to the maximum extent that is consistent with the required

operational characteristics.

3.4,3,2 Alternate Power Amplifier Considerations

Traveling Wave Tubes at X-Bard, The Traveling Wave Tube is one

of the most commonly used transmitter tubes in coherent radar systems
requiring large bandwidth. Several types of TWT's can be considered. Tubes
using helix-derived slow wave structures have minmum cost and very
broad band widths. However, difficulties in cooling the slow wave structure
limit these tubes to average powers on the order of 100 to 200 watts, Beyond
this power level cavity coupled TWT's should be considered. Both PPM
and solenoid focusing are used., Solenoid focusing is unattractive for this
application becausec of the large power (1-2 kW) required for the solenoid.
PPM focused coupled-cavity tutes, on the other hand, are limited to about
500 watts of power at X<band and thus a PPM focused TWT used in this appli-
cation would have very little margin between the required average power and
its inherent capability,

State of the art efficiency is about 30 percent for X-band TWT's,
This can be increased to 35 or 40 percent by using dual depressed collectors
and in a2t least two experimental TWT's it has been increased up to 50 per-
cent with 10 stages of depressed collection. Since efficiency is not considered
critical at 500 watts of average power, the complexity of a 10 stage depressed

collector TW T/transmitter does not appear warranted for this application,

Klystrons at X-band. If bandwidth requiremerts do not dictate the

use of a TWT, the klystron is an attractive alternative because of its inher-
ent simplicity in design and ruggedness compared to the TWT, its gain and
cathode voltage are comparable to those of the TWT and grid-control can
easily be incorporated. For these reasons the klystron has been chosen

for the baseline design at X band.
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A point design which can be sca‘;ed within the range of peak and
average boyver levels ccnsidered for the spacelab transmitter was offered
by Varian Associates of Palo Alto, California. . i

The klystron is essentially an interpolation between the VKX-7765C
and the V24E klystrons. The tube employs permanent magnet focussing
which is not amendable to depressed collector operation. High eiflcie.ncy
operation is achieved through a massive permanent magnet which does not
have the complexity factor associated witi: depressea collector design,

Using .samarium-cobalt magnets, an efficiency of 45 percent is obtained in
a tube whose mass is 17 kg, The primary motivation for trading weight for
efficiency here is to ease the thermal problems in the high voltage power
supply. . X '

. The Varian klystron can be provided with average power capabilities
up to 2 kW, which exceeds TWT capabilities by a factor of four, Thus a
very comfortable design margin exists. Parameters for the baseiine klystron
are listed below.in Table 3-28.

TABLE 3-28. X-BAND KLYSTRON CHARACTERISTICS

Focussing PM

# cavities ) ' ' 5

Moduation ' . HI-MU shadow grid
RF center ffeq\xenéy 9 GHz

Dandwidth "~ 73MHz - 1dB
Power output . ; ‘ 17T kW

Efficieacy ) 45% (undepressed)
Gain 50 dB -
Cathode voltage ‘ ©17.8 kW

Cathcde current . 2.13 A

Collector depr. T NA

Heater voltage TV

Heater current 7TA

Weight 17 kg

Dimensions ) 30x 23 x12cm
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L-Band Klystron, For the peak and average power levels given in

the baseline design, the Litton TWT is the optimum choice on account of its
low mass and relatively small size. If future tradeoffs lead to higher peak
or average power levels, the Litton TWT becomes less appropriate becauae
of its limited power capabilities. An L-band klystron is an attractive alter-
native since its bandwidth capabilities improve at higher peak power levels,

Average power levels up to 2 kW can be accommodated in the L-band
klystron with PPM focussing and liquid cooling. Varian offered a point
design at 12,5 kW peak output power., Parameters for this tube are listed
in Table 3-29,

TABLE 3-29. L-BAND KLYSTRON CHARACTERISTICS

Focussing PPM

# cavities 5

Modulation HI MU shadow grid
RF center frequency 1040 MHz
Bandwidth 25 MHz

Power output

12.5 kW peak/200 W average

Efficiency 35% undepressed; 40% depressed
Gain 40 dB

Cathode voltage 13 kv

Cathode current 2.9A typical, 3.2A maximum
Collector depression 20-30% )
Grid pulse voltage 4300 with respect to Cathode
Heater voltage 6.3v

Heater current 6.3A

Weight 18 kg

Dimensions 60 cm x 13 cm diameter
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L-Band Cavity Amplifier:

tdicrowave Cavity Labs of LaGrange, Illinois offered a po‘int design
for a 3 stage cavity amplifier whose characteristics are listed in Table 3-30.
The primary disadvantage for this design is the requirement for 3 separate
regulated high voltage forms. Since the cavity amplifier offers no advan-
tages over the Litton ring loop TWT in terms of efficiency, mass, volume
or bandwidth, it will not be considered further for the L-band transmitter.

L-Band TWT

Two TWT's were considered for the L-band transmitter. The first

is a high pcrfdrmance experimental TWT made by Watkins-Johnson. This

‘tube features 50 percert efficiency with dual depressed. collectors, peak

power up to 31 kw and average power up to 500 watts with conduction cooling,
The tube wa;s 1.4 meters long and weighed 36 kg. Since L-band efficiency

is not considered critical, the tube was rejectel on the basis of excess size
and mass, '

p

TABLE 3-30. L-BAMD CAVITY AMPLIFIER PARAMETERS

RF center frequency 1040 MHz
Bandwidth 50 MHz
Gain - _ , 25 dB
Efficiency ) ‘_ ) 35% ‘
Peak power . - 12 kW
Average power . 200w
Power forms required . _ o
7kv @ 6A - ' : o
Skv@1A . : .
2 kv @0.25A ' R
# stages - ‘ 3 ' '
Dimenrsions . ) 46 cm x 35 em x 20 cm

Weight _ 16 kg
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The second TWT considered is made by Litton. It's performance
characteristics are more maoaodest compared to the WJ TWT, however, it is
less than 0.5 meters long with a mass of less than 3 kg. "Basic tube efficiency

is 30 percent increased to 35 to 40 percent with collector depression,

The

transmitter specific requiremente can be met with very modest scaling from
off the shelf production tubes,

Maximum power level for this tube is 20 kw

This tube is selected for the basline design.
eters for the Baseline Litton TWT are summarized in Table 3-31,

LITTON L-BAND TWT CHARACTERISTICS

Param-

Model

Focussing

Modulation
Qualifications
Status
Frequency
Power output

Cooling

mag  psy

Depression

e o4

o )

Gain
Length

; Mass
Bandwidth

. Slow wave structure

Undepressed efficiency

Depressed efficiency

Beam perveance .
Cathode voltage for 6,8 kW, 25%
Cathode current for 6.8 kW, 35%

L-5476

PPM

Ring loop
High MU grid
MIL-E-5400
Production
L-Band

Up'to 20 kW peak/350 W avg -

Conduction

" 309,

35-40%

359% '

2.2 x 106 pervs

9.5 kv

2.05 A

30dB o
50 cm

2.7 kg

Up to 20%

e IR LAY B et
'

Ao 3

ety p--:'m—-—

+—

(A%




There is no equivalent competition for the X-band klystron which is A
. considered the optimum choice for 3ll peak anc average power lavels con-
sidercd in the tradeoff matrix.

3.4.3.3 Frovision for Higher Eficiency

The transmitters were designed to havergood basic efficiency, miuli-
mum complexity, maximum ruggedness and reliability, and minimum devel-
opment cost. These guidelines were adopted because of the relative abun-
dance of prime pdwer aboard the spacelab compared to conventional satellite
power sources, The transmitters do, however, consume a significant per-
centage of the available spacelab resources. Inthe event that the remaining
resources are insufficient to mect the demands of other spacelab users, then
an improcvement in transmitter efficiency would be warranted.

" The klystron power supply efficiency is very nearly optimum and
little improvement is to be gained. There is some room for improving
efficiency in the RF power amplifier tubes, however. It is felt that with
state of the art technology, efficiency as high as 50 percent can be obtained
at both X and L bands by using TWT'e with multiply acpressed collectors,

At L-band, this has been achieved in an experimental two collector TWT
operating at 30 kw peak and 500 watts average. The tube was ', 4 meters
long and weighed 36 kilograms. Two experimental TWT's at X-band have
achieved 50 percent efficiency by using 10 stage depr~3sed collactors., These
tubes are not recommended for the spacelab transmitter except as a last

" resort in the event that the transmitter prime power consumpticn pro‘ves to

be excessive,

3.4.3.4 Use of the Igloo

The Spacelab provides, as off-the-sghelf equipfnent, a pressurized

" container for vse in packaging components that are not being designea speci-

fically to operate in space. The igloo inch;des approximately 0. 7 cubic meters

of volume for mounting equipment and an integral thermal control system,
which circulates dry nitrogen to provide 1,5 kw of cooling capability.
The igloo may be used in any of several different waya. One is to

.. mount all transmitter and receiver hardware inside the igloo, using one
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X-band wave guide feed through and one L-band coaxial feced through. Since
the tubes require liquid cooling, additional feed throughs to provide the cool-
ing fluid would have to be installed, The dry nitrogen cooling.loop would
remove all tranamitter waste heat not generated in the tubes., An alternate
configuration would be to mount the RF tubes outside the igloo. A disadvan-
tage is the need for high voltage interccanections in the space environment,
but this approach does not require waveguide and coaxial feed throughs for
the RF energy.

Use of the igloo would probably result in a minimum develepment cost
for the transmitter., However, it is anticipated that wave guide runs and
rotary joint in the transmission line between the igloo and antenna would add
an additional one db loss to the system budget. It is not felt feasible to
attach the igloo to the antenna,

Alternate dielectric systems have been considered for the Spacelab
transmitter. These are gas, solid and vacuum. A gas system uander one
atmosphere of pressvre was considered in the approach involving use of the
igloo av a cuntainer for the high voltage power supplies. The nitrogen would
be circulated to provide cooling as well as high voltage insulation, The
transmitter volurme could be reduced b, using gases at pressures much
greater than one atmosphere, but at the expense of increcased weight of
a stronger pressure vessel. Since thermal conductivity in gases is
negligible, cooling of high voltage components would have to be cooled by
conduction through solids, or elae it would be necessary to circulate the high
pressure gas. Such a system would provide a small weight advantage over
the proposed oil system but there would be a significant increase in develop-
ment cost and risk.

Solid dielectric systems have certain obvious advantages over com-
peting systecms and fo~ this reason have been used in low voltage and low
power spacc borne power supplies. However, the present state of the art
does not allow use of solid dielectrics in high voltage high power systems
because differences in thermal expansion between the enczpsulated components
and the insulation medium, result in voids which ultimately lead to break-

down paths caused by corona degradation,
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Hm;vever, the stateof the art of encapsulation is advancing and
techniques that overcome these problems are now being devéloped. Hughes
has developed a pronrietary process for encapsulating transforimers, capa-
citors and circuit assemblies which is able to produce essentially corona-free
encapsulation over wide temperature extremes. A reevaluation of the state
of the art before completing the detailed design of the transmitter is recom-
mended to determine the suitability of solid encapsulation techniques for this
application.

Vacuum dielectric systems again have certain obvious advantages .
and were considered briefly for this application. Their principal advantage’
is the potential for large weight reductions. Their principal disadvantage is
the need for an extremely hard vacuun: in the vicinity of the high voltage -

. circuitry. The presence of any outgassing products could result in break-
dcwn and failure of the supj.ly, The vacuum technique is particularly appli-
cable to long term space mitsions where sufficient time can be allowed for
outgassing to be completed, The short mission time ;)f the space shuttle
makes it unlikely that the outgasaing could be completea quickly enough to
sa2tisfy space shuttle operational requircments. ; )

-Since heat can be removed only by radiation or by conduction thréugh
solids 2nd since radiative heat transfer is not adequate, the use of vacuum
dielectric would require the development of compcnents with built-in heat
removal mechaniems. At these power levels design of such components has
many of the same probiems that solid encapsulated components preeent,
Therefore this approach is beyond the state of the art for trese volta:ge and
power levels at the presexnt time. Lecause of this difficulty and because of
the outgassing problem, this approach has been rejected. '
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3.5 DATA RECORDING

Maximum data rate recording requirements are 260 MB/s for the
baseline design and 190 MB/s for a back-up design. Two RCA HDMR-240
tape recorders, each capable of 240 MB/s, have been chosen for the base-
line design. RCA is now developing the HDMR-240 recorders, which should
be available for the shuttle experiments early in 1980.

If these recorders, or their equivaizats, cannot be delivered for
early ERSIR experiments, the back-up design will be implemented. 1his
will utilize two modified Ampex FR 1700 tape recorders, or equivalents,
each capable of recording at 100 MB /s data rates to satisfy the data :ate
requirement. Characteristics of the HDMR-240 and 1~ndified Ampex FR-170C
recorders are given in Tables 3-32 and 3-33, ERSIR data recording param-

eters for the baseline and back-up configurations are shown in Table 3-34,

3.6 S3YSTEM PHYSICAL CHARACTERISTICS

The ERSIR has been designed to interface with the space lab, which

includes a pressurized module and a pallet bay. Factors that affect this

TABLE 3-32, BASELINE RECORDER

Baseline: RCA HDMR 240
Number: 2
Bit Rate: 240 MB/S Per Recorder
Availability: First Quaiter 1979%
Power/Recorder: 200 Watts at 28 VDC Nominal*
Weight/Kecorder: 90 Kg*
Reproduce Slowdown Speed: <10:1 (E.G.: To

25 MB/S or Less
Record Time/Reel: 12 Min at 240 MB /¢
Bit Error Rate: 1 in 106 (Max)

*Vendor Estimate (August 1975)
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TABLE 3-33, RECORDER BACKUP

Type:
Backup:

Number:

Bit Rate:
Availability:
Power/Recorder:
Weight/Recorde_r:
Recoxrd Time/Reel:

Bit Error Rate:

Digital

AR 1700 at high density
(11.8 KB/cm), 28 tracks

2

100 MB/S per recorder

90-120 days ARO*

~450 watts at 28 VDC nominalx*

~40 KG*

-5 min at 100 MB/S

1in 105 max

#Yendor estimate (August 1975)

TABLE. 3-34, ERSIR DATA RECORDING PARAMETERS

Iiems Baseline Back-up
Recorders (2 each) HDMR-240 Modified FR 1700
Receivers (L, x-band, 2 polagizationo) 4- 4
Resolution 25 M 25 M
ﬁits per receiver’ 51, 5Q 51, SQ
Swath widths, max 85 KM 60 KM
PRF's 1200 to 1800 Hz | 1200 to 1860 Hz
Data rates 180 to 260 MB/s| 130 to 196 MB/s
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equipments in the pressurized module and in the pailet bay are also illus-

e oy ST ea —ne 1o P R YT

interface, and that in consequence must be considered in making provision
for the Interface are volume, wright and power requirements. Equipment
location, power sources, and signal interfaces must also be considered in
designing the interface between ERSIR and the shuttle. Finally, heat transfer
and discharge require attention. Design characteristics and fecatures that

deal with these considerations are described below,

VOLUME, WEIGHT AND POWER CONSIDERATIOMS

Estimates for weight, volume and power are presented in Table 3-35,
Values are given for each major component. These components fall into
two separate groups characterized by their location, nameily the group in
the pallet bay and the group in the pressurized module bay., As is shown in
the table, overall weight is 1271 kg, which includes the weight of 22 reels
of recording tape (176 Rg). Volume is 11,92 cubic meters., The power
requiréd for radar operation is 3.5 KW. The power requirement for the
equipment in the pressvrized module is approximately 1 KW, obtained from
the dc service bus in the space laboratory., During operation provision must
be made f{ur the transfer and ultimate disposition of 11,350 BTU of heat per
hour.

Equipment locations and intérfaces are shown in Figure 3-44. Asg
shown, a service loop carries power from the dc service bus to the clec-
tronics equipment in the pallet bay. During radar operations the nominal
power requiremené is about 2.5 KW. Maximumn power requirements for the -
equipment in cach group, pallet bay and pressurized module, are listed in

. s : Iy s ¥
Figurc 3-44., Service cablcs which serve as interfacer h:tween electronics

trated, These loops, which include {lexible cables, contain IF conduactors, |

timing and control conductors, and signal conductors, The IF cables serve

as a signal interface between the buffer formatter in the pressurized module . o
aad the receivers at the antenna. ) . . i
The heat exchange and dissipation subsystem is made up of cold
plates and flexible hoses that carry liquid coolant. While the ERSIR experi-
ments are in progress, the nominal rate of heat exchange is 7200 BTU per

hour at the pallet bay. More detailed information on thermal rates and loads
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TABLE 3-35, PHYSICAL CHARACTERISTICS BASELINE DESIGN

ESTIMATED WEIGHT, POWER, VOLUMES:

- Input Volume,
Weight(s), Power, Cubic
KG Watts Meter Location
Antenna 682 11.25 Pallet Bay
Transmittera,
HVPS, Modulators, 159 2450 0.27 Pallet Bay
Receivers, Exciters )
Signal Conditioner,
Control Module,
Buffer- Formatter, 45 250 0. 025 Module Bay
Space Processor
Display-Control Module 27 400 0.075
. Module Bay
Recorders (2) 182 400 0.1
‘Sub-Total 1095 KG 11,72 M3
22 Reels Tape* 176 0.2
) 3 Module Bay
1271 KG 3.5 KW | 11.92 M .

sStorage capacity — four hours at full radar operation,
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CONTROL MODULE
BUFFEA FORMATTER l : ANTENNA (STOWED)
COLD PLATE |
SPACE PROCESSOR oc rowen _______>. oc TRANSMITTERS
RECEIVERS
- EXCITERS
) F CADLES /N CALIZRATORS
DISPLAY CONTROL i el
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C

TIMING, CONTROL HOSES
RECORDERS > Y > CABLES

SIGNAL CABLES
l COLD PLATE (PALLET)

PRESSURIZED MODULE PALLEY

Figure 3-44, Simple schematic of ERSIR equipment interfaces.

is given in Table 3-3€. A cold plate attached to the antenna support structure
not only acts as a heat sink but also serves as the mount for the L and
X-band transmitters, receivers, exciters, calibrators and associated elec-
tronics. An additional cold plate in the pallet takes heat from the antenna

¢nld plate via circulating coolant in flexible hoses.

3.7 ALTERNATE DESIGN SUMMARY

The baseline design utilizes a uniformily illuminated array of
3 meters x 10.\7 meters with three vertical beams. It folds twice and is
stored on a single pallet, The factors listed below form the basis for estab-
lishing this design,

1. size and weight
2, transmitter power and reliability

3. simplicity of antenna feed structure
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TABLE 3-36. BASELINE DESIGN POWER/ENERGY/THERMAL iLOADS

Pallet Bay | Mfodule Bay Total
————
Operating Power 2450 wWDC 1050 wDC 3.5 KW DC
Current at 26 VIDC: 95 A, 40 A, 135 A.
Electrical Energy, 4 Hours: 9.8 KXWH 4.2 KWH 14 XWH
Thermal Rates, BTU/Hour: 7224 1584 11,348
Total Thermal Load, 4 Hours: | 28,894 BT | 14,335 BTU | 45,390 BTU

4, simplicity of antenna deployment mechanism

5. single pallet storage for one anteana

6. swath width and image quality

Table 3-37 is a brief surnmary of the baseline and alternate designs.

on antenna gize and weighting function,

major design alternates and trade-off considerations,

Table 3-38 ig a brief summary of

The study of K“‘band alternate designs resulted in practical designs
for 13.3 GHz with rzJduced swath coverage (40-50 KM) to look angles of 40°,

The Kulx-band trade-off considerations inclvde agronomic applications in

which the issue is the relative importance of sensor response to vegetation
bio-mass and plant morphology. This facet »{ the K“/X—band trade-off
congiderations has not been resolved in this preliminary design study.
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TAZLE 3-38, ALTERNATE DESIGNS

Remarks

_Inflight Display

% Unit Design
I —_—
i Antenna Baseline: 3M x 10, 7TM | Low power; large awath at
: Uniform Illuminztion 4-1lo0ks; 1)-600 -coverage
’ with 3 b:ams
i Shaped vertical beam 3.3M c!’\eight. swath coveiage
: 10-60" with 2 beams, com-
: plicated feed -
'~ 5M x 8M, truncated Low power: fold in 2
sin X/X dimensinns for stowage
- 3M x 16M, uniform Lower power, multiple fulds
illumination
IM x 12M, truncated Excellent image quality;
: sin X/X low power; »a2duced swath
: Antenna Baseline, athwartship | Min deployment; shuttle
: Depluyment attitude inverted, sidewise
' Esxtended, single pallet | Complicated mechanism;
- ) compatibie witk other
. experiments
Extended, dual pallet Single fold, maximum length,
’ maximum stowage area
Recorder 240 MB/S at 200 watts each;

Baseline: HDMR 240

.Back Up: AR1700

Basgeline: Unfocused
Partially focused

None

tnder development

100 MB/S at 450 watts each;
available

150 M resolution 90 KM
swath; 600 range cexs

Improved resolution (to 50 M); .
more storage/complication

Less power; minimum monitor

Short
Wavelength

¢

Baseline:. X-Ba-nd -

Ku-Ba.nd at 13.3 GH=

Moderate powef and sen-
sivity to weather

Greater power and sensivity
to.weather; more responsive

to vegetation bio-mass
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4.0 CRITICAIL DESIGN FACTORS

4.1 IMAGE QUALITY

.1 Introduction

~ The radar output is an imperfect image of the object field viewed by
the radar. As examples, a point scatterer in the object field images as'a
diffise principal spot surrounded by subsidiary spots; images of low reflec-
tivity regions are contaminated by the radar's response to adjacent regions;

and radar noise may obscure the images of weak scaterers.

Over the years, the radar design community has used special mea-
sures to evaluate radar image quality., Some of these measures are resolu-
N ' tion, maximum sidelobe levei, integrated sidelobe level, signal-tc-noise

- X ratio, minimum target radar cross-section, number of indegendent resolution

P R e IR

.- cells for smoothing, small signal suppression ratio, maximum target radar

; ., cross-section, ambiguity levels and dynamic range. The need for measures

" of radar image quality arises for two reasons: 1) the varicas characteristica

I
o =t

‘associated with tke radar imaging process, suca as non-zero resolution
sidelobes and ambiguities,. and 2) the finite variation in received power which
can be accommodated by the radar, particularly .v the radar eignal broceseor.
display and observer. :"n'\ . -
The following sections discuss the tarrain (object. field) to be ..maged.

- NN
O sm—— — —
A

PRV

. he radar impulse resporse, thee2ffects of-the radar-irmpuler reasponse cneo
the image, techuiques for smoothing the images of diffuse terrain, A/D

i
pmr-‘d

converter effects and an estimate of the image quality expected from the

: ) . selected radar desigu. . Co

- 4-1
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4.1.2 Terrain Reflectivity

Some examnple terrain models are 1) diffuse terrain (many scatterers
per resolution cell with no one scatterer giving a large portion of the power
returned), 2) a hole (no scatterers within a resolution cell) and 3) an i}sotropic
point scatterer. These three rnodels are illustrated in Figure 4-1.

Diffuse terrain gives a radar return whose amplitude and phase (for
each resoiution cell) depend both on the within-cell positions and amplitudes
of tne scatterers and on the encounter geometry between the radar and the
resolution cell. Thus, the image of terrain with a given average backscatter-
ing coefficient exhibits a wide variation in image power from resolution cell
to resolution cell. Furthermore, the image power for any given resolution
cell changes with radar frequency and encounter geometry. This character-
istic variation in image power (rom cell to cell or with changes in encounter
geometry is usually called scintillation. Holes and isotropic point scatterers
do not exhibit scintillation, but any combinatica of two or more scatterers
within a resolution cell can exhibit scintillation.

Figure 4-2a shows a raday impulse response {(or imaging aperture)
idealized to exclude sidelobes. 'Figure 4-2b shows the image of diffuse ter-

rain, holes and an isotropic point scatterer made with such an ideal impulse

B ¢

SV el MANY SCATTERERS WITHIN
<’ te ) ReSOLUTION CELL

NO 5CATTERERAS WITHIN - L
RELOLUTION CELL - K

‘.

o ONE SCATTERER WITHIN
RESOLUTION CELL

Figure 4-1. Terrain models.
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) IDEAL IMPULSE RESPONSE

SOTROFIC
POINT SCATTERER

DIFFUSE HOLE DIFFUSE HOLE
TERRAIN TERRAIN

b} IAAGE DISTANCE

Figure 4-2. Image with ideal impulse response.

response. The diffuse terrain images vary from cell to cell about the back-:
scattering coefficient, which is characteristic of all resolution cells; the
image of the isotropic point scatterer has non-zero width because the ideal
impulse response chosen was of non-zero width.

4.1.3 Non-Ideal Radar Impulse Résponse i

. Figure 4-3 shows a synthetic array.radar moving with a given velocity '

and illuminating an isotropic point scatterer in an otherwise zero-reflectivity

‘background. The image of this isotropic point scatterer is the radar impulse

response and is illustrated in Figure 4-4. Some features of interest are the
range and azimuth sidelobes, the mainlobe, the impulse response width (or
resolutzon). the maximum sidelobe levels in range and azimuth and the ratio
of totll sidélobe energy to mainlObe energy. - - *
Figure 4-5 slows the impulse response discussed above togethér with
range and azimuth ambiguities. (Strictly speaking. Figure 4-5 represents
the complete impulse response while Figure 4-4 shows the local desired
impulse response.)- _
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REAL
ANTENNA GEAM

ALTITUDE
AZIMLTH

GROUND
RANGE

Figure 4-3. Impulse response
geometry.

MAINLOBE

0dn

IMPULSE
RESPONSE

-3d8 vaoTH

AZIMUTH

SIDELOBES RANGE
- - Y Py

Figure 4-4. Non-ideal radar impulse
responge,
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Figui-e 4-5. Ambilguitiea.

4.1.4 Effects of Non-Ideal Impulse Response on Images

_Figure 4-6a shows the same terrain models used in Figure 4-2 — A

diffuse terrain with holes and an isotropic point scatterer. Figure 4-¢b

shows a possible azimuth impulse response for the synthetic array radar and
Figure 4-6c shows the image brightness-which results from scanning the
model terrain with the impulse response. The image brightness of Figure 4-6¢

"oxhibits
1.

the follow‘.'ng characte ristictr

The image of the isotropic point scatterer is estwntially the
. azimuth impulse response.

The images of the diffuse terrain regions have lower (gpatial)
frequency variations about the average value. Also, the image
average value is higher than the true averagz value, the results of
additions of receiver noise, ambiguities and sidelobe energy.

-~ The image power in ¢he noles is not zgro, again due to receiver-
" noise, ambigvities and sxdelobe energy.
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o) MODQ TERPAIN RERECTIVITY

AVERAGE |- — 2\~ - v INT SCAITERER
DIFFUSE | HOLE DiFFULE HOLE
| o \ TERRAIN AZIMUTH
b) AZIMUTH IMPULSE RESPONSE
l _ gr— /\ AZIMUTH
T 4 g g —

¢) IMAGE BRIGHTN.SS

IMAGE AVG !“-\/\
TRUE AVG ———

NOISE
IMAGE ZERO |~ — — == =~ o o= == e~ — — AMBIGUITIES

SICELCBES
AZMUTH

TRUE ZERO

Figure 4-6. Effects of non-ideal impulse response
cn images.

4,1,5 Unsmoothed versus Smoothed Images

Usually smoothed images are generated in an effort to minimize the
diffuse terrain image power variations about the average value. The solid
and dashud curves of Figure 4-7a represent two independent images of the
model terrain discussed above. These two images could have been generated,
for example, by transmitting two widely separated frequency bands and proc-
essing them separately. If these two images are added, then the variatiors-
of the resuliant are leas extreme as illustrated in Figure 4-7b. It is to be
noted that the resaliant image averages and true averages are still not
wdentical and thax the images of the holes are not zero. '

Smoothing techniques can be separated into two categories: a) within-
cell averaging and b) area averaging.

« « The within cell averaging technique makhs hlgh resolutton fmages of
each cell with eseentially independent portions of the pulse or doppiér
spectrum, Figure 4-8a shows a pulse spectrum broken up in% fuvr sub-bands,

each of which yields a pulse (range) resolution, v+ . The four irdependent
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Figare 4-7. Unsmoothed and smoothed images.

4-7




2z -
% QV/ |
7\ \
7N
s q &n‘ “f T 154
'\ ' 6 ‘“ FREQUENCY
a) Putse Spectrum Diversity (Range Diversity)
. !
i N A v §
e N ,

A~

XC

>
‘ FRAEQUENCY

b) Doppler Spectrurn Diversity (Azimuth Divécsity)

Figure 4-8. Within-cell averaging.

synthetic array images made from tﬁese sub-bands are then added
(non-coherently) to produce a smoothed resultant image. This Eechnique is - o
sometimes called range diversity. Figure 4-8b shows a doppler spéctrum )
broken up into four (overlapring) sub-bands, 'each of which yields an azimuth
resoclution, da. The four almost independent synthetic array images made
from these sub-bands are then added (non-coherently) to produce a smoothed
resultant unage. 'Ihts techmque is somet imes called aztmuth dwerslty.

[P v

The urea averagmg techmque mak#s ane !ugh resclutxon image of the
large area of interest and then (non-coheranily) adds the values of several

adjacent cells for every cell position producing a lower resolution smoothed
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resultant imags. Figure 4-9 illustrates how th's technique might be used to
acd a large number of independent cells to produce a better eptimatf of area
backecattering coefficient. Referring to Figure 4-9, note that a particular
field has been nesigned the value n, for the backscattering coefficient. Here, -
the radar design parameters and the size cf the field allow 28 independent
resolution cells to be combined into one estimate of n3e (It ie implicit that

the experimenter recognizes the boundaries of this field and only adds image
powers from cells within the boundaries. )

For a fixed bandwidth (doppler, pulse or both), the tradeoff can be ma.de
between resolution and image smoothing. Figure 4-10a shows measured
backscattering coefficient versus true backscattering coefficient for an
unsmoothed (single-look) image. Here, the image power variation from cell
to cell (for tne same terrain type) makes the measured value of n in each
cell uncertain, The curve shown in Figure 4-10a assumes a measurement
confidence interval equal to the step size shown, thus only five values of
measured n are statistically significant in this example. Figure 4-10b
shows measured backscattering coefficient versus true backscattering

-

L—l CELI.S—‘]

Figure 4-9. Area averaging.
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TRUE »

MEABURED

b} FOUR LOJLS
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Figure 4-10, Improved measurement
of n through smoothing.

TRUE 0

coefficient for a smoothed (four-look) itnage. Here the confidence interval

is narrower than before due to the smoothing so that more steps are shown.

In this example, nine values of mecasured n are statistically significant after
four-look smoothing. Figure 4-11 shows how the final image resolution varies
with azimuth resolution for an assumed set of conditions. Here the larger
number of significant measured n values of Figure 4-10b (obtained from four-
look smoothing) are seen to be gotten by degrading the one-look r=solution
from 6.2 meters to 12.6 meters. (Overlap of the doppler bands used to get
the four iooks is assumed for this example. )

L] . « “ . . - - .0 L}

.4.-1. 6. A/D Converter Effects

The basic radar block diagram is shown in Figure 4-12. Coherent
radar pulses are generated in the Transmitter and Local Oscillator,
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Figure 4-11. Improved azimuth resolution
with less smoothing.

. TRANSINTTER #| oneoarD
' L0 p{ FROCESOR |
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L —
QUAGRA.TURE 1
AGC rd v » A0 -Luurren
i. 2 v
. " ) DATA GROUND
AMPLIFIER e |“Z®| srocesson
Iy 9+ commmcemt—————
1 e X
b
K Lol oen 1 an —01 BUFSER

Figure 4-12. Basic rada: blo:k diagram.
. . L ] - -
radlated ana recei:red by the antenna, and converi¢d to i.f. by th2 First
Mixer. The output of the first mixer ir supplied to In-phass and Quadrature
Detectors through the L. F. amplifier (with its asscciated AGC). Each of
the detectors drives an A/D Converter: the outputs of theA/D Converters

4-11




4 m— arsee

TR LT

e ws g Aere b Y

A LY Trews

L

o DN T T L o YTTVITIG 07 1) O B sl AR e s e et & = ame . een P - P ‘ ' [ 39

are supplied to an On-brard Prccessor, a Recorde.r and a Buffer (which
drives a Data Link for final Ground Processing). In the absence of round-
off and truncation effects, in the on-board or ground processors, the A/D
converters are the devices which limit the final image dynamic range. Even
for cases where round-off and truncation in the processors affect the final
image dynamic range, the maximuvin dynamic range that can be obtained is

" determined by the characteristics of the A/D converters and the manner in

which the AGC controls the input levels of the A/D converters. )

The A/D converter samples the input signal and encodes the sampled
value into a digita_l number. As a result, sampling effects (such as aliaeing),
saturation effects and quantization errors are present in its output. It is
customary to assume that the aliasing errors are negligible because of
analog filtering before the A/D converters and, in some cases, because of
oversampling., The quantization and saturation effects are illustrated in
Figure 4-13 where the input-outout characteristic of a 4-bit A/D converter
has been modeled as a simple voltage-in/voltage-out relationship and the
input signal statistics have ‘been assumed to be gaussian. Referring to Fig-
ure 4-13a, it is seen that a continuous input voltage has been converted into
a finite number of output voltage levels through the staircase-like amplitude .

characteristic. Note that above a certain input voitage, VS AT’ the ocutput i
voltage is a constant, saturated value. Referring to Figure 4-13b, it is ) j

seen that if the input rms voltage is too high (e.g. k-= 1.25), then a large
portion of input voltage values exceed Vs AT and produce a large amount of ;
saturation noise., If, on the otner hand, the input rms voltage is too low !
(e. . k = 5), then the majority of the input voltage values fall within only a
few of the available number of output voltage values, producing a larye amount

_ of quantization noise. It turns out that there is a drive level which produccs

the minimum amount of total (saturation plus quantization) noise; for the

SAT

4-bit A/D .onverter, the optimum rmas input voltage levels is 0.4 V
(k = 2.5). , ' ]
< - - . .

Fiéure 4-14 shows quantization noise, saturation noise and total noise

< ..

versus k for the 4-bit A/D converter model, above.
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Figure 4-13. 4-.bit A/D converter characteristic and

input signal levels,
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Figure 4-14. 4-bit A/D coaverter quantization
’ and saturation noise.

4.1.7 Irnage Quality Estimates

In order to estiinate the radar output image dynamic range, the
evaluation terrain model of Figure 4-15 will be used. The terrain arez of
imme.diate interest has a range extent equal to the uncompressed pulse
length and an azimuth extent equal to that subtended by the ceal antenna
beamwidth. This area contains a'hole, a bright scatterer and average
terrain. The hole is two synthetic array resolution celis in diameter and
tac bright scatterer occupies one synthetic array resclution cell. All other
cells contain terrain with average backscattering coefficient.

Three definitions are associated with this evaluation terrain model:

1. Minirmum Cell Power. The power mapped on the radar image
at the position of the hole. ;




e I

3.

MOLE

BAIGHT SCATTERER
4

AVERAGE RCS

AZIMUTH

Figure 4-15. Evaluation terrain model,

Maximum Cell Power. The power mapped on the radar image
(at the position of the bright scatterer; which produces an accept-
able value of minimum cell power,.

Dynamic Range. The ratio of maximum cell power to minimum
cell power at a given gain setting.

The itnage dynamic range is estimated by the following procedure:

a.

b.

Specify the most minimum cell power allowable relative to
average tarrain.

Under-drive the A/D converter (large values of k) with the returns
from average terrain until the allowable minimum cell power is
achieved,

Drive the A/D converter with the evaluation terrain model, and
increase the bright scatterer power until the aliowable minimurn
cell power has been reached again. (As the bright scatterer
power increases, the A/D noise will first drop as the quantizec-
tion noisc “ecreases and then increase as the situration noise
dominates., )

The dynamic range is then calculated with definition 3), above,
including the range and azimuth compression ratios,

4-15
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This procedire was used for the ERSIR selected design at mid-range,
at 25 meters resoletion and with a pulse compression ratio of 100. The
dynamic ranges at X- and L-band for several A/D converters are given in
Table 4-1, below. ' . . '

’ As can be seen in Table 4-1, at X-band, a 4-bit A/D converter falls
short of the 50 dB dynamic range originally requested. Although it could be
argued that scatterers 50 dB above minimum cell power (cozresponding to-
radar cross-sectinons of about 500, 000 square meters) are very rare, the ..
choice of 5-bit A/D converters (in the I and Q channels) was made on the
basis that they are feasible and desirable in a radar experiment.

The image quality performance o the selected design is given in
Tatle 4-2, below. The performance given is worst-case since the values
tabulated are estimated at the swath edges. o

TABLE 4-1. DYNAMI& RANGE FOR A/D CONVERTERS

No. Bits i " Dynamic Range, dB
A/D Converter ’ X -Rand L-Band
4 49,6 58.9
5 57.3 . . 66.7
6 63.8 . 13,2
7 70. 00 ey 79.4 .

- TABLE 4-2. WOGRST-CASE IMAGE QUALITY PERFORMANCE

Performance
Parameter ’ X-Band L-Band

Resolution 25m 25m
Single-look S/N, n= -18 dB ' 8dB 8 dB
Number of looks ~ - 4 ; T4
Ambiguity Ratio  -14.5¢B "-14.5 dB
Integrated Sidelobe Ratio - -16 dB " .16 dB
Dynamic Range 57.3dB - 66.7 dB

.
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4.2 CONTOURED AGC

4.2.1 Introduction

A major consideration in ERSIR, more so than in most radar systems,
is the design of the Autornatic Gain Control system. AGC i8 required because
of variations in received signal power seen by the radar sensor and because -
dynamic range is limited at critical points in the receiver-recording data
path. A technique known as contoured AGC, in which the reciver gain is
varied digitally over the sampled range swath, after A/D conversion, pre-
serves the calibration integrity essential for accurate 79 ectimates without
sacrificing image quality. ' to '

This section begins with a discussion of the sources of received signal
power variation and a discussicn of the sensor dynamic ranée Yimitation.
Image quality measures related to AGC are then reviewed. 7This review is
followed by a discussion of AGC approaches, with emphasis on contoured
AGC. The last discussion includes AGC inversion in the ground processor,

a function necessary for producing high image quality. Perfcrmance of
aliernative AGC approaches is also discussed, interms of distortion noise, a

relevznt measure of performance for contoured AGC.

4, Z‘.Z Sources of Received Signal Power Variation T SN

" Received signal power varies because of the following: range variation
acrosgs the swath (R}): antenha’ gain variation (elevation pattern): terrain
reflectivity variation (co): and transmitter power and receiver gain variation.
These items coatribute to both short term variations (variations over the

‘range sampling interval) and long term variations in received signal power.’

The first two items contribute to long terin variations, the last item (trans-

‘mitter power and receiver gain) contributes to short term variations, and the

remaining item (terrain reflectivity) contributes to both short \a.nd long term
variations. The AGC system comprises two portions, the calibrated elow

-AGC portion, which is utilized for the long term variations and the contoured

AGC, which is utilized for the short term varialions. The sho:;t term varia-
tions and cecntovred AGC are emphasized in this discussion.

. 4-17
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The magnitude of the short term variations can be estimated from the
sontributione of the first three sources listed, The combination of the .."
and elevation pattern variations produces about an 8 dB variation across the
swath. This variation is characterized by an approximately parabolic shape
as shown in Figure 4-16. Variations in T the other contributor, can be
considerable on a cell-by-cell basis, but radar reflectivity data at X-band
and L-band, for various terrain types, averaged over areas comparable to
a square kilometer or greater, exhibit a variation confined to about 8 dB.
(Special cases, such as land-water boundaries, will, of course, exceed this
range.) The two 8 dB variations sources combine to produce the simplified
short term variation model of Figure 4-16. The critical characteristic of
this model is that the maximum slope is about 6 dB variation ir received power

over an 8 Km segment of the swath.

4.2.3 Dynamic Range Limitations

The critical system elements which limit dynamic range are the
digital tape recorder and data link.  The limitation is caused by the fact
that the ~ate at which datz are recorded and transmitted over the data link
is proportional to the number of bits per sample. This data rate is the
key parameter in determining the cost and complexity of the recorder and
data link. In addition, high data rates mean shorter recording times. They
also mean an increase in the weight and volume of stored tape. Clearly,
the minimization of data rate is an ir .portant design goal, ]

Other radar design parameters are of secondary importance in limit-
ing dynamic range. The RF portion of the receiver is not a limitation. The
IF portion has more than adequate dynamic range, and with slow AGC, can

" /‘/ ==

0 L » R

GAIN, a8

Figure 4-16. Signal power variation —
range dimension.
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keep the level of signal entering the A/D converters in the proper rangé.

The state of the art permits the design of reliablz 8 to 10 bit .A /D converters
for use at the 6 to 18 MHz sample rate required for 25 meter resolution. -
The number of bits per sample is reduced from the 8 to 10 bit quantity before
transmission and recording by the use of contouvred AGC. Before thia
approach is discussed, however, the effects of somne AGC alternatives on
imaée quality are examined.

4.2.4 AGC/Image Quality Interactions

AGC minimizes A/D converter distortion noise by controlling recsiver
fystem gain. However, in doing so, it introduces step changes in gain within
processed data sets, with the potential of degrading resolution and integrated
sidelobe ratio (ISLR). This negative effect is illustrated by Figure 4-17,
which shows the affect of 2 6 dB gain change in the center of a coazx weight-
ing function. The solid line shows the unperturbed compressed pulse (in
either range or azimuth) while the dotted line shows the mainlobe broadening
and increased sidelobe level resulting {rom the gain change.

UNPERTURBED WEIGHTING
FUNCTION IS CO5°X

638 GAIN CHANGE

@ T R
° AT CENT . ’ -
z- & ER . ;
5 \\ o
w \\
-~
s N ——
<
- 4 .

MO AGC C:ANGE

|

Figure 4-17. AGC'd weighting function.
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The effect of distortion noise is illustrated in Figure 4-18. This

ﬁg;xre plots the combinaticn of saturation and distortion noise resulting from
A/D counversion, for different ratios of A/D saturation voltage to RMS signal
level, as diccussed in Section 4.1.6. T he total of quantization and saturation -
noise is referred to as distortion noise. The figure shows that a eignal whose
average power varies over an 18 dB range can result in a maximum ISLR of
-27 dB, for an optimum gain setting using an 8 bit A/D converter. In contrast,
a 16 dB variation of average power results in a much poorer -15 dB ISLR for

a 5 bit A/D converter. Figure 4-18 is useful for determining distorticn noise
performance and will be referred to again in the section which follows,

4,2, AGC Approach

In the ERSIR AGC approach, slow AGC accommodates long term gain
variations, and digital contoured AGC accommodates short term variations.
Slow AGC causes neither image degradation, because of its long time constant,
nor calibration inaccuracy, because calibration ia accomplished once each
PRI, as discussed in Saction 4. 4. It ie the functicn of slow AGC to reduce
the operating range required of the contoured AGC to the approximately 16 dB
discussed in Section 4. 2.2, )

Conventionul fast AGC, designed to respond to short term variations,

‘is illustrated in Figure 4-19, Iere, the range swath is divided into 8 sections,

eack with its owa long term- AGC loop. Gain is controlled by fast control of

_IF amplifier gain.

o} . \3)
SATURATION ; [

OlTORTION NOISE, ¢B

Satmms

Figure 4-18. Distortion noise.
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Figure 4-19. Conventional fas: AGC (simplified).

This approach suffers frcm calibration inaccuracy as well as from
the defects of image quality mentioned in Section 4.2.4. One of theee dzfects,

resolution and ISLR degradation, can be remedied by using the AGC inversion

technique. This technique, illustrated in Figure 4-20, pe:mits the gain gettings

for the different range segments to be recorded and transmitted along with the

image data. In the ground processor, the guin variation ie reversed by

multiplying the received signal by a functica proportional to the inverse of
the IF gain. The extra bits per word which result from AGC inversion in

the ground processor do not increase data rate as would have been the case

5uiTs

SIGNAL — b A0 > + TAPE STORAGE
MAGE | BUFFER
DATA STORE DIGITAL
y Foum‘r,v tn [ RECORDERS
N MA
GAIN LOW BANDWIDTH pATA LK
CONTROL GAINDATA [ Rt
A'RBORNE
GROUND
{MAGE DATA REAL amfsA RANGE
selrs | MULTIPLIER COMPRESSION
3
GAIN DATA vra
4| TRUNCATION
COMPAESSED DATA
stosBITS

Figure 4-20, AGC inversion.
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had they been recorded and transmitted. After processing, the data can then
be rounded off as desired. _ ’ )
The increase in bandwidth needed to transmit the gain data is negligible.

. For exainple, consider the 80 Km swath divided into 20 segments, each of

which has 160 range of 25 meters resolution elements. Following the argu-
ments of Section 4, 1,7 this calculation will use 5 bits per I and Q word.(based
on the dynamic range requirernent) This will result in 1600 sample bits per
range swath segment. If 6 bits are used to transmit the gain data for this
segment, then the bandwidth or data rate increase is less than 1/2 percent.
Contoured AGC, whichutilizes the digital inversion technique just
described, eliminates the calibration inaccuracy associated with conventional
fast AGC. It also eliminates resolution and ISLR degradation, while providing
tight control over distortion noise. The output of an 8 bit A/D converter, as
illustrated in Figure 4-21, is sent to a digital multiplier. The multiplying
coefficient is determined from a range cell average, and is updated for each
range swath segment. This multiplying coefficient is used for digital AGC
inversion in the-same way 28 was the gain data of Figure 4-20, which shows
digital AGC inversion for conventional fast AGC. After multiplication, the
data is rounded-off to 5 bits, which meets the dynammic range requirement.

' s urs MULTINLY sams
SIGNAL A , AND s
. - TRUNCATE WAAGE
‘ CATA
y
AVERAGER
Kow
AGC
GAIN CONTROL LOW SANOWIOTH
LOGIC 2
GAIN DATA

Tigure 4-21, Contoured AGC.
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Becausc the multiplication and round-off is optimum, the resulting

distortion noise is the same as if a 5 bit A/D converter had been used at an ~

optimal input gain setting, but without calibration inaccuracy. It is assumed
here that the number of range swath eegments is great enough to limit the
systematic variation derived from the gain model of Figure 4-16 to 1 or 2 dB.
Ten or twelve segments should suffice. ,
Two approaches to digité@ multiplication can be used, either simple

_point shift or a standard (6-bit, eg.) digital multiplication. Simple point

shift involves choosing which 5 of the 8 avaiiable bits will be recorded. This
choice, which requires less than 2 bits cf gain data per swath segment, is
equivalent to varying the voltage gain in steps of two. The resulting 6 dB

" variation in input signal power causes the -24 dB distortion noise achievable

with an optimally controlled A/D converter to degrade to -21.5 dB, as |
illustrated in Figure 4-18, The use of a standard digital multiplier will
result in -24 dB performance. These results are shown in Table 4-3, which

TABLE 4-3,  COMPARISON OF AGC APPROACHES

Digital -
A/D Multiplier and | Distortion
Type Converter| Round-Off Noise Remarks
Slow AG' 5 bits ‘N/A -15 dB |Simple. Low
performance.
Conventional | 5 bits ) N/A -24"° dB | Calibration difficult.
Fast AGC ’ . - | Requires fast IF -
. | gain contral. Reso-
" ] lution and ISLR
. . degradation.
"Conventiona! | 5 bits N/A -24 _dB | Calibration difficult.
Fast AGC . Requires fast IF
with Digital : ’ _| gain control. No
Inversion . - ISLR or resolution
. . ‘degradation.
Contoured 8 bits Point shift -21.5 dB | Good calibration
AGC 5-bit round-off .performance. No
resgolution or ISLR
degradation. Simple
multiplier.
Contoured 8 bits | 6-bit multiplier| -24 dB | Good calibration
AGC 5-bit round-off performance. No
ISLR or resolution
{ degradation.
4-23
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summarizes the AGC approaches discussed herein, and tabulates their

periormance characteristica.

4.3 SAR ANTENNA BEAM POINTING

Antenna beam pointing, with the Spacelab inertial pointing system
{IPS), is a critical factor in designing the ERSIR. With or without IPS, the .
antenna beam pointing direction, in the baseline design, is delermined by 2
combination of the Spacelab attitude and the vertical tilt angle of the single
axis gimbal of the antenna. The Shuttle Orbiter's reaction control system
could establish the spacelab's aitituda without the fire vernier control of
., the IPS. However, this would te at the cost of adding complexity to ground
processing and at the risk of error resulting from imperfect compensation
for range closure and doppler. With the IPS, increased beam position -
accuracy and rate control permit considerable simplification of the ground
processing equipment and algorithms.

There are two basic problems associated with beam pointing, First,
beam motion reduces the effective number of looks and as a result image‘
measuremant accuracy. Secondly, beam position error induces rangze closure

.and doppler compensation complexities in greund processing..

‘4,3.1 SAR Antenna Beam Pointing Error Rate . I >

‘Antenné. beam motion in the azimuth plane degrades measurement '
'sys'tem‘accuracy. The SAR system deperds upon smoothing with multi-lock "
processing for measurement accuracy and the number of looks available’

- decreases with azimuth bean: slewing. The effects of azimuth slewing of the

‘ SAR Beam are illustrated in Figure 4-22. In (a), the real beam is at azimuth

A and hag an angular rate R; the point p accordingly moves through the beam’

at a higher velccity than the orbital velocity v, about half the tinie. ' ;
.. .Accordingly, the point p will often be imaged for a time 7T, which is ’

less than the time T, required to image the point for N looks. The percent-

age loss p in the number of available loocks is

100 (Tn - T)__
T
n

106
(v/}.ns) +1

(1)

o
n
1
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Figure 4-22. Payload pointing error rates.

wvhere Rs is the mean slant range to the point p. TFor ¢xample, p = 20 percent
for v = 7.8 KM/e, A= 0,275°/sec. and R‘3 = 420 KM, .a worst case for an
altitude of 200 KM (look angle B = 60°).

Table 4-4 is & summary of the angle rate effect for this ""worst case',

- maximum Rc at a look angle near 60° (H = 200 KM). The SAR f{ilter mwust be

slewed tc retain its alignment with the antenna boresight axis and to prevent
excessive azimuth ambiguity noise (the SAR processing filters should be dis-
tributed symmetrically about the beam center). To maintain track, the clutter
tracker will slew at the rate of doppler frequency change induced by motion

of the beam axis, A. ) '

4.3.2 Antenna Beam Pocsition Error

Combensation for range closure at L-band and for do'ppler shift at
X -band, when the data are acquired with the space gensor at non-optimum
azimuth angles, complicates the ground processing,

The geometrical factors involved in range closure compensations are _

illustrated in Figures 4-232 and 4-24b; the point p is Jisplaced from the
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TABLE 4-4. PAYLOAD POINTING ERROR RATES

Wozrst Case™™
Cell Doppler Spreadihg )
Psrcent | :_S.AiF_ﬂtiryfth - Is SAR"
o of SAR Filter Slew Rate Filter
A Azimuth Looks (Hz/Sec) X gArray Slawing
Attitude Rate Lost Time) Acceptable? | Needed
———)
(—; 0.008%/sec 0.7 0.20 Yes No
(=) 0.02°/8ec 1.8 0.50 Yes ?
(=) 0.275%/gec™| 20 6.8 Yes Yes
(=) 1.1%/sec 50 27.0 No NA
*Baseline system
*¥y = 7.78 KMs; Altitude = 200 KM, Ry = 420 KM,
- e crons
TRACKER COMPENIATION
e
4
v DOPPLER CENTERING
£AR {‘ A2 »
ARRAY ¢°9
LENGTH
Ay DEVERMINE ¢ OF
' ceLl
[[] GAOUND CELL RANGE CLOSURE X

r———mf-—.—

FREGUENCY =D

Figure 4-23.

Aligniny SAR beams with real

and focueing.
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Figure 4-24, Envelope closure variations,

optimum position, broadside to the velocity vector. At the optimum pos
AB = 0 in Figure 4-24(a), the range closure compensation is zero, for
circular orbits. The range closure comper.sations required at L-band a:
large and vary from the near range edge of the anterna footprint to the fa
for near nadir look angles and non-zero AB'(Figure 4-24a)., The magnin
of the range closure compensations are snown in Figure 4-25 for an ante
beam with look angle coverage from 10° to 30°, (offset range 35 to 116 K
at B = 200 KM). The ideal squint angle is Ao the azimuth angie relativ
to the Orbiter's velocity vector. The angle Aeo corresponds to the miniz
change In range closure across the swath, Ao is also the squint angle fo
zero range closure compensation (single look) for circular orbits,

For elliptic orbits, the angle Aso corresponds to a non-zex:o rang
closure; the effects of ellipticity rotate and displace the constant R (dopp
contours {5 preclude a zero iso-doppler (R) contour (Figure 4-26). The
range cloasure curves are normalized by the slant range resolution d., wi
corresponds to the transmitted waveform bandwidth. The ordinate values
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' Figure 4-26. Eccentric orbit velocity effects on SAR.
. RT . .
-y = &R - __a _ __ARR
ST - sin - 2 .
- . dr' da ¢o 2vd_ siné
. : T a o
where T is the array time; T = AR ’Zvd d is ground cell resolution:

(dr = da sin ¢°.¢ is the mcidence dngle (¢ - By the look angle): \ is vave-
length: Ra is slant range; and v is velocity.
Range closure compensations for L-band multi-lock ground processor

. m'xagmg may differ for individual looks. This i< shown in Figure 4-24c. With

the IPS available for beam positioning, it should be possible te maintain A
within + 0.3° of Aso" At 1. 04 GHz for L-band and da = 25 meters, the a.ngle
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eo is at most 0.5° (45 percent overlap, 4 looks). The maximum position
error for this fourth look is 0.8°. For thie condition, with signal range
closure comnpensation eqrivalent to As ax swath center, the uncompznsated
error will be about 0.6 cell resolution (at B = 30°). which is acceptable.

The range closure compensation is proportional to wavelength and
inversely proportional to ground cell resolution squared, da x da = da * dr
csc ¢~o. Therefore an approximate doubling of the L-band frequency from
1 +o0 2 GHz will reduce the expected range clos:zre compensation error to
0.3 ceil resolution at the swath edge, a clearly acceptable value. Conversely,
a grosser cell resolution of about 35 meters in contrast to the 25 meters reso-
lution of the baseiine desiga has the sama desirable effect and retains the long
wavelength L-band feature (~ 28 cms).

In X-band, the compensation of doppler shifts associated with non-
optimum beam position complicates ground processing. Normalized doppler
shifts versus look angles are shown in Figure 4-27 for the circalar and
elliptic orbits with coverage from 10° to 352 1ook angle. In this figure, the
doppler shift vaiues are normalized by the factor 2v/£ ( -1455 Hz) wheze
v = 7,78 XM/s and £ = 10. 7 meters, the SAR real array length. The
ontimum squint angles Aso corraspond to the minimum change in R across
the swath. For the elliptic orbit squint angle Aso' the doppler shift is nearly
constant (~3 KHz) across the swath, which greatly simplifies the compensa-
tion algorithm and clutter tracking functions of the ground processor.

The critical factor of IPS beam positioning for the potential implemen-
tation of ERSIR with Ku-band should be a majsr consideration, Clutf:er
doppler compensation for Ku-band (13.5 GHz) is more sensitive to beam
position errora than X-band (9.0 GHz) by a factor of nearly 1.5; the variation
of doppler compensation across the swath (p = 10° to 20”1 in Figure 4-27 will
be about 2070 Hz at 13.3 GHz as compared to 1400 Hx at 9.0 GHz for AA = 0.3°,

Antevna equint angle positioning ts Aso is needed to simplify that part
of the ground processor design concerned with range closure compensation
at L-band and doppler compensation at X-band. Thke 0. 3° accuracy for A,
previously raentioned may be cbtained by using a pallet bay sensor and the
inertial pointing sub-system (IPS) for spacelab atlitude control. With the
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erbiter reaction control syztem (RCS) alon@; ac~uaracies better than %2, 0°
are not assured, because of the length and flexibility of the coupling between
the pallet bay location and the Orbiter. Table 4-5 shows that the relevant *
accuracy of 0.3° may be obtained with the IPS, '

TABLE 4-5. NAVIGATION ﬁkCCURA(JII-:':'.:?l

STDN TDRSS
. Reference Accuracy | Accuracy Conditions:
. s
] Direction {degrees) | (degrees) Payload sensor
Locul Vertical 0. 16. 0.16 Alignment £0,07°
. Drift 0. 04° per hour
NA;DIR Earth Target 0.18 0.28 Deadband 0. 10
~ 30° Off Vertical 0.20 0.29 185 KM orbit altitude
Payload Inertial
§ *Reference: Space lab payload accommodatior s Pointing tystem (IPS)
L handbook, April 1974, pp 27-28.
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4.4 CALIBRATION

4.4.1 Model of Calibration Errors

The responae S of the measurement system to the backscatter
parameter g, characteristic of terrain is expressed by the range equation

for SAR:

2
s . p (AN o Gidaleti, 1
.3 % Pav \&R,) (2v760F, F eindsind ) (1)

where S has the units of Pav
_ pav is the average transmitter power;
} is the wavelengtl'; of the radiation;
Rs is the slant range;
Go is the peak antenna gain;

G is the teceiver/processor gain to the point of measurement S;

g{0,9) is the anteanna pattern function relative to the angular coordinates
6 é of the resolution cell;

¢ is the angle of incidencc at the ground®;

0°is the angle of the line-of-sight relative to the velocity
- vector (8 = 90°);

v ig the magnitude of the velocity;' . ‘ DI

" By is the bandwidth of the transmitted waveform;

dr' = c/Zp is the slant range resolution [ch:lSO‘m/p. s)#

F, >1is a loss factor for sensor plumbmg and zll appropriate
¢ processeing losses;

E‘P > 1 is a luss factor due to the propagation medium,

t

*¢. = B + Rg/Re where Ry is the ground offset range to the resolution
~ cell and Re is the radius of the earth and Bis look angle,
#Ground regolution cig is given by dg = dy/sin ¢
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The wavelength \, slant range R, bandwidth 8,, and resolution d,
are known very accurately in the proposed SAR system. The system wave-
length is established by a stable fixed frequency source; the range Ry is ‘

- regolved to the unambiguous interval containing the swath and corresponding

to an accurately e;tabliahed prf. The rauge to an individual resolution cell
is accurately metered and tagged by precisicn clocks and counters; the slant
range resoluticn dr‘ and transmitted waveiorm bandwidth By are accurately
established by the linear FM digital approximation for pulse compression,
The proposed calibration approaches replicate each transmitter waveform
(pulse by pulse) and facilitate precise measuroment of d,,. The relevant
calibration accuracy ihvolving N, Rg, ﬁt. and d; should Le better than

40,3 dB RSS {seven percent root-sum-squared). )

The angies ¢ and O are derived from Spacze Shuttle inertial referenced
signals and from active sensor sensing of clutter (terrain backscatter) signals.
These angles must necegsarily be determined with mean errors very near
zero, that is to a small fraction of the respective vertical and horizontal
beamwidths of the antennas. The effects of angular errora are especially
severe at the near and far edges of the swath correspoading to the steep 4
slopes of the vertical gain pattern of the antenna. For this reason, the
following discussion of errors will be restricted to the middle third of the
swath; i, e. the calibration error model is applied to the central third of the

vertical beamwidth, Local terrain slopes average to zero over substantial
distances and their effects can be partially compensated usirg topological
survey maps with "ground truth' knowledge; the model does not treat this
source of error. o '

For conveniehce, the signal response S of (1) is rewrittea:

5 = Koot = Kog(lew (@

where Ko is the 'true value'' of the proportionality factor

o -y, (2 3 5 %c gP.era, .
o = Fav\@=K,] TZv/B)F,F sin¢sind )
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The a_ignals S‘and cro‘; are e?cpressed in logarithmic units (dB's):
S(dB) = 101logS = 10 logK, + 10 logo o * | (4A)
0o¥(dB) = oo(dB) + 10log(l + p) - (4B).
Thus .the er;'or @ is conveniently expressed'ih dB (lpgarith;nic) form:
g(dB) = 10 log(l + p) B )

In the following discussion, as in the discussion in Section 1,4, the error p
+vill be understood as a logarithmic unit made up of the sum of similar error

c,omponent's #i (in decibel unite):

N : -
B(dB) = E"i ‘ (6A)
i=1 -

with u, = 10 log (1 + AP/P),

. pp = 20 log (1 + AG/G),

B3 = 1:0 log (1 + AG_/Gy),
g = -101log (1 + ein(é4 Ad )/sin(é)),
by < -lOlog(l«;AFe/Fe) o
ve = -101lcg (1 + Afp/f‘p).
pe = 10 log (1 + Ag(0,4)/g(0,4)),
Etc, etc,

In some instances, the individual p; are made upof a sum of diverse source

errors peculiar to the generic error type; the losges in FB' for example, are
due to component loszes in-transmnitter plumbing, receiver connections, and
various sources of processing losdes, Figure 4-28 is a sketch of error

sources,
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Figure 4-28, Sources of uncertainties in
¢, measurcment,

The error model treats the #; and the component parts of u; as -
mutually independent. Thermal cycling, for example, will produce pre-

dictable effects on some critical parameters: such systematic error sources

are to be compensated with the best available knowledge. The assumption of ~

independence on the basis of compensation for known and monitored, strezses

(primarily thermal) is reasonable, Further, the ensemble of erroxrs both
individually (pi(dB)) and collectively (1(dB)), will be treated as normally
distributed with zero mean in logarithmi_c units (a log-normal distribution of
linear errors). Thus the variance in calibration error (in dB) ie the sum

of variances of the individual H;'s (in dB).

4.4.2 Spectrum of Calibration Errors

The limiting envelope of the power spectrum of calibration errors is
modeled by Figure 4-2¢; the autocorreiation function correspending to the
spectrum is sketched in Figure 4-30. These curves reflect the following

modeling:

1. Each Space Shuttle mission with ERSIR involves a steady com-
ponent of calibration error; i.e. an unknown ''d-c' component
having zero-mean expectancy (over a large ensemble of systems) -
but a standard deviation presently estimated at 0.9 dB;

2. A uniform power density 'low frequency' component with a cut-
off frequency proportional to the orbit rate (fy, it = 0. 302/0tbit
period); this variaticn involves orbit-to-orbit changes, arising
primarily from imperfectly compensated thermal stresses;
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Figure 4-30, Autocorrelation function p(t) (normalized
autocovariance function) of calibration error p (dB).

3. A uniform power density component, which reflects rates of ,
change within an orbit period but of a relatively slowiy ;
fluctuating nature; cut-off for this component is proportional
to the rate 100 km strips are imaged;

4, A moderate frequency coimnponent related to changes slower
than the update rate (for AGC and clutter sensed corrections
to angle estimates of 8 and ¢, cut-off fupdate = 0,302 /upqate
interval Typdate = 24 Hz);

5. A high frequency component associated with measurernent
changes for path lengths of a few hundred meters to the up-date
interval at about 10 km; these changes result from uncompensated
components of the Space Shuttle attitude and control system plus
geometrical facitors associated with the terrain and the local
atmosphe:.c propagation fluctuationg (significant only at X-band);

6. Negligible error power density above the cut-off frequency
feo=6 Hz, corresponding to a time interval of 50 ms or a path
length of about 400 meters.

4.4.3 Preliminary Estima‘e of Calibration Ervor

Tabie 4-6 summarizes tentative, preliminary estirnates of ERSIR

calibration error camponents, Time periods correspond to the time lapses
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v in Figure 4-30, The intervals range from short intervals of about-
50 milliseconds through the 90 minutes of an orbital period, to the time
{7 to 30 days) of an entire mission, The dc component of error (t mission, .
Figure 4-29) is the expected bias error for a particular mission ard ERSIR
sensor, It has a’'standard deviation of 0,92 dB, corresponding to a con- h
fidence level of 68 percent for the lognormal distribution of errors., For
twice the standard deviation (1. 84 dB) the confidence level is 95 percent;
50 ms values of 1.32 dE and 2,64 dB give confidence levels of 68 percent
and 95 percent, respectively, for specific measurements,

A briefer summary of the tentative ERSIR calibration error componentt
is presented in Table 4-7. The first four intervals of Table 4-6 are grouped

4
to show net components,

TABLE 4-7. BRIEF SUMMARY OF SENSOR CALIBRATION

[ S I R

Calibration Performance®
S ) Egtimated Error
"Calibrated Parameter (95% Confidence)
Long Term Temporal
Transmitter power 0.6 dB 0.4dB :
Receiver Gain 0.5 .1 0.5 b
Sensor RF Losses™ B 0.4 0.2 |
Antenna Peak Gain (d-way) 1.4 0.8 : )
Vertical Angle, Sin (A+¢)/Sind: ‘—‘ ' 0.6 (A=39, $=20°)
Gain Pattern (2-way) . " 0.4 io. 7_' .
Clutter Sensing (Az and Ef):_ - - 1.0
Prop Less and Misac 0.7 0.5
Net RSS 1.84dB | 1.82dB E
TOTAL = 2.6 dB S I
Notea: *Applicable to middle third of swath; .
at swatn edges: +2 dB gives net RSS = 3,3dB
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Detailed studies of calibration error sources and the calibration
mechanisms are necessary tc refine the accuracy of the tentative and pre-

liminary estimates given here,

4.4.4 Implementation of Calibration

The ERSIR utilizes specific operations and routines to supply data
used by the ground processor for calibration. The calibration routines and
equipment appropriate to ERSIR are discuosed below. These approaches to
implementation are preliminary and tentative. The approaches will be
defined more apecifically in detailed design studies,

The ERSIR system will require calibration for antenna gain and
pattern. Calibration routines and special tests for this purpose «re not
discussed. However, it is expected that existing calibration facilities will
be used, these include special test ranges with standard targets such as
corner reflectors, The on board calibration routines discussed apply to
the measurement of antenna gain and patterns using available test ranges

and facilities.

ERSIR Sensor

Calibration Operations. Shuttle ERSIR sensor calibration operations

are divided into two broad categories, narmely, calibrate routines and built-
in-test. Calibrate routines consist of programmed operations which provide
calibration data for:

o Transmitter Power T .
© Receiver Gain, and

- Sensor Noise.

In actua.lyoperation, transmitter power and receiver gain are measured
together; the proposed implementation employs the transmitter waveform for
recetiver gain calibration data, - . . . ‘

The sensor noise calibration routine provides the calib}atlon data used
for eétimating ERSIR eystem noise, compesed largely of receiver thermal
noise and A/D converter noise, This noise is a component of measurement
bias error for signals of finite magnitude. Io provide very accurate estimates
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of clutter signal reflectivities, the ERSIR meaaurement system requires an
gccurate estimate of the sensor noise component. The ground processor will
use the sensor noise calibration to correct for bias error,
Ruilt-in-test consists of two parts;
o Special rc :ines to test various parts of the sensor and supply
critical status data (voltages, etc)

© Continuous monitor routines, which provide status data during
normal sensor operations

. dnly the continuous monitor function is directly related to calibration. This

function provides ''continuous' data on transmitter power, waveform, and
receiver gain, During each transmission, the receiver responds to a sample
of the trahsmitter waveform in a controlled manner; this receiver gain
"monitor'' provides quantitative data on (a) receiver gain and (b) transmitter
waveform, Additionally, the continuouz moritor function provides aceurate
data on the average transmitter power, duplicating the power measurement
function of the calibration routines discussed below,

Transmitter /Receiver Calibratior.. The calibrate routine for trans-

mitter power and receiver calibration is executed in a special purpose mode

of ERSIR, In this mode the antenna may be disconnected and the transmitter
power coupled into an internal dummy load, or the antenna may be directed
skyward, or the antenna might be tilted to look near the horizon (large look
angles); the purpoge being to avoid earth reflected signals of sufficient magni- '

tude to gignificantly degrade calibration accuracy,

Figure 4-31 is a functional block diagram of the implementation of

" the transmitter/receiver calibration routine, A éa.mple of the L-band and

X-bard transmitter waveform are coupled from a port very near the reapective
antenna, - These iranemitter waveform samples are then routed tc respective -
L- and X-band calibretion transponders where they are reproduced, range
delayed and measured for power. The range delayed RF reproductions of the
transmitter waveforms sre then coupled to the respective L-and X-band

- pecelvers., In the case of tha direct polarizafion (V-POL in the figure), the

transponder RT" outputs r.1ple to the receiver port aver a path shared by
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Figure 4-31, Transmitter/receiver calibration,

the transmitter vaveform., The cross-polarized receiver {H-POL in
Figure 4-31) is coupled to the RF calibration signal at a port very near its
antenna, For both cases, much of the RF plumhing path is traversed by
both calibration and actual sensor signais. In consequer;ée a significant
portion of the RF plumbing signal path is utilized for the ca.lib.;a.‘cion.
Signals from the Control Module zontrol the calibration prbcess;

the transmitter waveform is recroduced at other ranges ard amg'litudes for

completness, . , ,
' The calibrator (calibration transpoader) makes power measurements

on the transmitter waveforms anZ sends the transmitter power data to the -
recorder, The L-band and Y-band receiver calibration data are recorded in
the same way as the eensor signals obtzined during ERSIR experiments,

The operational pa: ameters for calibration (transmitter ..aveform;
ban&v_ridths-, pulse Jurations, 'i)rf's) are established by the normal sensor

control syatem., The parameters may or may not be sequenced over a rarge

L e @ e

of valua=, depending pon aperator option or planniag-. However, it i3 expected

that the calibration routine would be repeated for each e;tperiment.

-
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Sensor Noise Calibration. The sensor noise calibration routine {s a
special purpose mode of ERSIR. The antenna may or may not be connected.

The connected autenaa receives signals from external radiation sources. In
appropriate cases these signals may be used to make the assessments of
measurement errors attributable to these sources. The routine should
include measurements with and without the antenna coupled where this {s
practicable, ' - '

_Figure 4-32 illustrates the implementation of the sensor noiae calibra-
tion routine, There are, basicall{r. two parts: '

1, A 'passive' partin which the receivers have no external input;
this provides the baseline measurement data

2. An “active' part in which a calibrated noise scurce is coupled
to the receiver inputs; tnis provides the means of making noise
figure or effective noise temperature estimates for the receivers,
The RF wideband noise sources are time gated, This feature facilitates radio-
metric type measurements which may be appropriate for antenna gain assess-

ments and will, in any case, permit quantitative assessments of external

radiation snurces which can be of value for planning ERSIR experiments,

In all cases, the transmitter are in ''standby' or "sniff'" modes to
prevent transiitter RF energy from interferring with the calibration,

H-0L
L. X-8AND - AD
- PECEIVER CONVERTER W
- L, X BAKD
[ DATA

10

NOISC REF DATA

: veoL
| o %o i,__ __‘J ATD -];'A’:A
"l ﬁi’;c:r.:uJ : CONVLRTER f——ip

L

DRIVE
L. X EAND
TRANSMITTER SNo—o

SCALIDRATED LEVELS OF GATED
WIDEBAND RF NOISE

Figure 4-32, Sensor noise calibration.
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Built-In-Test Continuous Monitor. Built-in test continuous monitor

functions are performed dur'mg norrnal ERSIR sensor operations. Trans-
mitter power, waveform and receiver gain data are the primary outputs of
the continuous monitor function and they are the status data of most signifi-
canco for ERSIR measurement system accuracy., ‘
Figure 4-33 i3 a functional block diagram of the built-in-test con-
tinucus monitor functions of immediate interest, Samples of the L- and
X-band transmitier waveforms are coupled.from a port near the antenna '
and serve as inputs t> a calibration transponder as in the transmitier/
receiver case. However. in this case the RF signals are down-converted

to IF, and inserted into the receiver at an intermediate stage of amplification, '

The IF reproductions of the transmitter waveforms, delayed very slightly
because of the finite bandwidths of the calibrator (35-50 MHz}, have a
nearly fixed level relative to transmitter power, Consequently, they supply
continuous monitor data on very significant portions of the receiver gains,
Furthermore, they provide monitor dat> on the waveforms themselves,
their bandwidth duration and phase codes for pulse compressicn. These
receiver monitor continuous dzta complecment the data from transmitter/
receiver calitration routines, which are scparated by significant intervals
of time. :

RECEIVER
BLANKRING 0

1. X EAND
RECEIVER

W?——————yf- AP AD pomnnns :.“loéw
‘ . CAl J CONVERTER DATA

é;,““'“g"" PRE Aptp
NTROL —o VF
5 SICNALS & 4’ 0 TEST®

L. X BAND L0's
| CALIBRATION |e.
TRANSPONDEN

L x8amo .
— RANS. POWER
~4 DATA
caL Lo e
'« veor £ 3 © vEsTe — Vs
; < ) aD : -
>-—o«);9—-———(c PRE AvP| A convinten [0 LAgano
V4 AF L. XPAND L e N
T AECEIVER .
TRANSHIFTER AECEIVER )
BLANKING . .
DRIVE *14 REPLICA OF
. . RANSMITTED
L ‘ BAVEFOAN

Figure 4-33, BIT continuous monifor.
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The contiuaous monitor routine provides for L and X-band transmitter
power measurements. Continuous monitor data consequently.sexve the dual
purpose of determining transmitter power status and updating the calibration,

The continuous monitor functions illustrated in Figure 4-33 imposge
a design requirement on receivers. The usucal receiver blanking function,

which eclipses the transmitter feed-through signal, must attenuate the IF

) transn;litter feedthrough éignals to levels well below the IF test signals from

the calihration transponder, The requirements for the receiver in Section 6.5
anticipate this need.

4.5 SAR IMAGE NOISE SOURCES-AND MEASUREMENT QUALITY

4,5.1 Image Noise Sources

Various elemnents of the SAR measurement syatem, including the
ground processor, contribute to image noise (signal to noise ratio). Sources
of image noise are briefly reviewed in this section. An iterized list of dis- |
tortion noise source is presented, together with a prelimiinary and tentative
budget of their contributions to the Integrated Side Lobe Ratio (ISLR),

The sources of ncise that contribute to the image signsl tre shown in

Figure 4-34, . The usual noise sources are receiver noise, range and

. agimutk PRF ambiguity, and A/D quauitization, Additional scurces are the
( integrated sidelobes which accompany the pulee compression waveiorm and

' a:cewm\ < mm}
NOISE Anmcuiv/
A0 PP, IME‘\ aoper{ AZIMUTH PRF
" SIGNAL 4, AuzcuITY
-

—
B _’
g2 =) T
g Zny” SIGNAL
: \ seecrnrat
JLSE O:3TORTION
CORPRESSION N e *
LS .
v, R

Figure 4-34, Image noise sources,
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processing and the SAR filter processing, -A general catego‘x_‘y, "'gignal
spectral distortion" accounts for such Qources as phase distortion in pro-
pagation and from vchicle motion (acceleration).

In estimating image and measurement quality, the contributions of
receiver noise and PRF ambiguities are treated independently. The remain-
ing items are sources of signal spectral distortion (sce Figure 4-35) or '
sidelocbe energy. They are listed in the ISLR budget, Table 4-8. .

The SAR ISLR budget shown in Table 4-8 reflects a preliminary and
tentative judgment of the contributions from the sources of sidelobe energy

jtemized. A detailed design study will be required to make the list complete,

This will involve adding any significant sources not listed and poasib?y
deleting scme items, such as propagation and motion effects, that may not
be significant, Error analysis of the detailed SAR sensor design as it =
evolve3 will be used to revise and ap-date the ISLR budget in orde: to esti-
mate perio.mance z‘eahstxcally. . e
The major contributor to the ISLR baudget, Table 4-8, is A/D con-
verter quantization noise, The value, -22 dB, anticipates a contoured AGC
which sets A/D converter signals near their optimum values (+3 dB), see-
Flgure 4-36, )
The transmitter, receiver, A/D and pulse compression {(digital
-~ linear FM approxlmatxonl are cther large contributors to the ISLR oudget,
Time jitter is the principal cause of this contribution. The contribution is -

1.0
(CUABAAYURE PHASE)
IMBALANCE

PROPACATION AND N

MOTION
PHASE OISTORTVION

TRANSSDN FERY
RECEVER/AD,
PHASE, AZSPL TUDE,
TIME ATIER

INTEGRATED
SIDELOBE'S

MASE Cournt SION
WAVEFORM

QUANTIZATION,

! #ALE DIATORTION

Figure 4-35. Sources of signal spectral
distorticn,
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TABLE 4-8, SENSOR SAR ISLR BUDGET

Sidelobe Energy Source Eg_xlt_}-_i_iz_zz_tig_g
Propagation and Motion Effects @ - 40 dB ea
Transmitter /Receiver/A/D - 27
Pulse Compression Quantization - 26
I, Q Imbalance - 33
A/D Converter Quantization -22
Record/Reprcduce ' - 36
TDRSS Data Link - 36
Range/Doppler Compensation @ - 40 ea
Processor Round-off - 33

Sub-Total - 194dB

SAR Processing

Range Compression - 22dB
Angle Compression - 22dB
Total - 16 dB

SATURATION

OISTORTION NOISE, ¢B

SAT s

Figure 4-30. Distortion noise,
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related to bandwidth, since the time jitter to be appreciable muat be a
sigrificant portion {3 perzent rms) of the i'eAciprocali bandwidth of the trans-
mitted waveform (37 ns at 27 MHz bandwith), * A substantial contribution of
time jitter at look angles rcar nadir is anticipated; beyond look angles g of

30 degrees the time jitter contribution should rapidly diminish (as ccsecant g),

The value for the pulse comproession quantization effect (-26 4B)
listed in the table is largely an estimase. It should be significant for the
digital approximation to linear FM ISLR contribution and to correspond,
approximately, to non-ideal pulse compression by any techaique, - The con-
tribution is separated trom the ISLR budgeted contribution (-22 dB) for range
compression to signify its imporfance; the net coutribution is -20,5 dB,

The quadrature phase channel (I, Q) imbalance contributions arise
from imprecise quadratur~ phase relation (90 degrees ideally) and gain-
imtalances in the video down conversion proceﬁs; for example, PM of
1.3 degreee rms or an AM index of 2,2 percent rms (0, 1 dB) imply con-
tributions of -36 dB, o .

The following relatively minor contributers make an aggregate con-
tribution of -28,5 aB:

Propagation and motion effects, ' -37dB
Data storage and transmission, ' -33dB
Range/doppler compensation, " -37dB
Processor round off, ' -33dB.

SAR proczesing, with ‘suitable weighting, results in a net ISLR con-
tribution of -19 dB for range and angle compression at -22 dB cach, The ~
net result-is -16 dB for this preliminary and tentative SAR ISLR budget.

.4.5.2 Measurement Quality

The implications, of imagc quality for the ISLR hudget at -16 dB are- .
seen in Takle 4-9, At the edge of the swath, the signhal-to-thermal (receiver)

.

‘Thisbax’xdwidth of 27 MHz correspbndu to a range resolution of
5.7 meters and a ground resolution of 25 meters at a Jook angle
P = 13 degrees and 12,5 meters at p= 27 degrees).
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TABL.E 4-9, IMAGE QUALITY

Image MNoise

Source

Thermal Noize
SAR ISLR

Angle PRF Amb,
Range PRF Amb,

Net.

Notes: 1. PRF = PRFmin'
" 2, PRF = PRF .

Contribution
Swath Edge Center
-8 dB -8 dB -14 dB
-16 -16 -16 |
.20} .22 .22 '
-16° .22 -22
-6.6 dB -7.14dB -11,1 6B
1

noise ratio, S/N; is -8 dB mninimum, Two cases of PRF ambiguity are

treated. In the first, a worst case, the PRF is simultaneously near its

minimum value for angle ambiguity and its maximum value for range

ambiguities, which is characteristic of the worst case condition. The net L

contribution tc relative noise level for this case is, therefore, -6.6 dB. In

the second case (far swath edge) the improvement in angle and range
ambiguities from a net relative noise level of -'}4_. 5dBto -19 éB, results

ina 0,5 dB improvement in relative noise level (from -6.6 dB to -7.1 dB).
At swath center, the S/N improvement of 6 dB, with the favorable PRF
ambiguity makirg a net contribution of -19’dB. results in a 4 dB improve-

ment in the net image signal-to-total noise ratio, from +7.1 dB to +11.1dB.

. Thie image quality feature: of SAR processing is responsible for tex-

tural distinctions in imagery; the contract between s:narply definea terrain -

surface featurce and a gen=ral background level of 'clutter': is i proved

with the improvement in che image signal-to-total noise ratio, .

Image quality, a figure-of-merit for imagery, is a.s0 an index of

measurement quaﬁty_ for a-larg:> class of ERSIR raeasurement systems,

Applications of ERSIR o dgx:ci—nomy. for e_xa.m",)lle..‘ -include crop and soil

. . VIS .
moisture assessments in which the backscatter  parameter o, for sizcable
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areas of terrain ia estimated., For homogenedus areas smaller than 100
hectares {1 square kilometer, about 250 U, S. acres), the ISLR contributions -
estend beyond the borders of the region for which the o, estimate is dosired
and rauat be included in the measurement problem as interference or noise,
The figure-of-merit measurement quality for one clasa of SAR
measurement system applications {8 somewhat better than the figure-of-
merit generally. This class of SAR measurement system applicaticns is for .
homogenous, extensive backscattering surfaces for which o, estimates are
required; for example, the estimation of backscatter reflectivity og for
wheat fields on a generally level plain, In this case, the integrated noise
sidelobes of the SAR image are produced by the same reflectivity surfaces
as those producing the mainlobe signal image (a hypothesis susceptible to
verification at the image quality figure-of-merit); in this case, the SAR
ISL.R component (- 16 dB) belongs to the signal. The resuit ic an imprové-
ment of 0.5 to 1.7 dB in the net n"aeaaureAment signal-to-total noise ratio, .
from +11.1 dB ¢o 12,8 dB at swath center (S/N = 14 dB), as shown in
Table 4-10, ’

TABLE 4-10. MEASUREMENT QUALITY, HOMOGENEOUS TERRAIN

For homogeneous terrain include SAR integrated sidelobes in
0o estimate:

Measurement Noise | Contribution
Source . - ’ - Swath Edgo . Center
= SN

Thermal Noise -8 dB -8 dB ~-14 aB
Angle PRF Amb, 1 -20' .22 22
Range PRF Amb, -16% . 22 -22

© Net -7.1 4B -7.7dB -12.8 4B

- 1 ' . 3
Notea: !. FRF = PRF .. '
2. PRF =PRF .,
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An area of roughly 200 hectares (2 square kilometers, about 500 U, S,
acres) is required to make effective use of the larger of the two figures-of-
merit, Homogeneous areas not go large must, of course, be eatimated as
the reduced measurement quality; 11,1 dB signal-to-tota) noise ratio at
swath center (S/N -14 dB) rather than 12,8 dB, This is, cf course, the
general situation, It is impractical to attempt extension of the concept to
PRF ambiguities, either ir range (distance > 100 km) or angle (distances:> 5 km
at X-band, 45 km at L-band).
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5.0 GROUND PROCESSING SYSTEM

5.1 DESCRIPTION OF GROUND PRQCESSING SYSTEM (GPS)

The Ground Processing System (GPS) plays back the magnetic tapes
which were recorded in the spacecraft, processes the regroduced raw data,
and generates a film copy of the synthetic aperture image data. The system

‘contains a tape unit, which reproduces and formats the original 5-bit 1/Q

digital video; a signal processor unit which compresses the digital data in
range and azimuth; and a high resolution laser beam recorder, which records
the image data on 5-inch film.

A basic configuration of the GPS is shown in Figure 5-1, It consists of
a Prograinmable Signal Processor (PSP), film recorder and tape recorder,
Tae signa! processing element is the PSP, which is a special purpose, high
speed computer designed to execute, under program control, signal process-
ing algorithms. In this counfiguration of the GPS, the PSP would be

e e
HMDA-240 PROGRAMMASLE LAF
RE;-Ao'guu M dlanaL ugu’::v;‘
s ARUCESSON ’
L

1 ¥

CONTROL

Figure 5-1. Ground processing system.
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programmed tc perform synthetic aperture processing of the raw data, With
these components the GPS can generate high quality etrip maps on photo-
graphic film, ' .

Use of the PSP as the processing element allows the GPS to grow into
a more e{ficient configuration. A disadvantage of the basic GPS is the need
to periorm data analysis on the photograpiic film. The film ls then analyzed
elther visually or with an lmage scanning system that converts the data into
a format syitable for analysis. Signal processing parameters such as azi-
muth and range processing algorithms, dynamic range, and image integra-
tion can be varied Lut ruquire a repetition of the film recording process.
With the bastc svstem therefore, time spent on non-productive tasks such as
data search, {ilm recording, and film processing can be excessive, The
efficiency of the GPS can be improved considerably by adding a second tape
unit, a geneval purpose computer, and a means of displaying the image data,

A more optimum configuration of the GPS is shown in Figure 5-2, In
this configuration, the operator can view the image in real time. Four CRT
displays are used to display the image data for eacl. transmitted frequency
and polarization. An additional color display integrates the data observed
on the black and white displays to a color compusition. The data

1TAPE RECORDEN)
! ...._."EL'L.__. lenlid

L A LAIT Y

RECORD

LA R XL RE 3

DISAAY

P —————

kowiret ]y riLwm
panis | RECORDER

3
T
? APE CONTROL
PuT USLR 1PUT

Figure 5-2. FGround processing system,
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corresponding to each {requency and nolarization can be encoded in color and
presented on the color display. A typical composition format'is shown in
Figure 5-3.

The image data from the PSP is sent to the Digital Scan Converter
(DSC). The DSC converts the synthetic aperture image data into a flicker-
free TV raster, which is then displayed on the CRT's. TheDSC contzins
sufficient memory to store four images at reduced resolution (1000 x 1300 ele-
ments) or a complcte image at full resolution (4000 x 40C0 elements). This
storage capability allows thz user to freeze the image ¢n the display and
perform real time analysis of the image data. The DSC in conjunction with
the CRT displays provides rapid monitoring and anslysis of the data.

The DSC and the PSP ia this configuration are controlled by a general
purpose minicomputer., PSP programs are stored in the computer. Typical
programs select dynamic range, resolution, image to te processsd, and
image processing functions. Theae programe are loaded into the PSP at the
user's command. The computer also controls the DSC and tape reproduce
functions. User input commands are entered via a CRT terminal. The
user selects the section of the recorded tape to be processed, PSP functicus,
and the display format. The user also has the capability of sending the image
data to the computer. He then performs statistical analysis of the data or
records the data on computer compatible tape for analysis at a different

o DATA FROM TWO O MORE DISRAYS COMEINED ON FHFTM DISRAY (COLCR)
ﬁ\ p

:\ DISRAY
7 s ot wearennd

® COMPONTION FOIM

L
O x, W - Yy muMBI, @, N)C,
Nat
WHERE: (%, Y} 13 HSOLUTION CELL

D, IS Nrk DISPLAY VOLTAGE

K,y TIMD) IS A (2 CONSTANT) X (CO$ (QT @ A))
© AND A CAN $OTH 2 ZE10

frg DpJ'S AIE AAKITRAZY FUNCTIONS

Figure 5-3. Data composition.
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location, The disc memory is for storage of PSP programs. The disc
storage contains a library of processing algorithms.

A tane recording function has also been added to the system. The
recorder with the reproduce unit gives the GPS an editing function. This
feature allows the user to se’ectively edit the mission tapes, thus reducing
the large amount of recorded data that rmust be handled.

The final function in this configuration of the GPS is the symbol and
cursor generator., A symbol generator provides annotations on the display.
These designate the parameters record~d during the mission, The cursor
generator positions a cursor on the display (> allow the uscr to designate
areas of the image for closer examination or furthe: processing by the PSP
or the computer, The computer performs a statistical analysis of the data
enclosed within the cursor. A copy of image data within the cursor can also
be recorded on computer compatible tape. A high resolution film copy of the
{mage data can be madc on the film recorder.

The control panels allows the user to control manually operaticaal
modes in the GPS. These functions include:

1. Freeze Mode ~ The image data can be stored on the display.

2. Repeat Mode — The tapc playback is continuously cycled through
the same data. If desired, the nrocessing can be altered on
each pass through the data.

3. Data Copy — Image data is recorded on the film recorder.
Annotations generated by the symbcel generator are also
recorded.

4. Cursor Control — The cursor can ve manually positioned on the
display. The cursor coordinztes are transferred to the com-
puter and to the PSP,

5.2 PHYSICAL CHARACTERISTICS OF GPS

An artist's conception of the Space Shuttle G:ound Processor is
ghown in Figure 5-4. The system containeg two RCA high density tape
recorders (HDMR-240), which reproduce the raw data ard perform the
editing function of the GPS. The [ive displays and the four Programmable
Signal Processors provide real time viewing of the processed data, Four
PSPs are used for real time high resolution processing of the raw data. A

high resolution laser beam recorder (RCA LR71) provides a hard copy of the
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Figure 5-4. Space shuttie ground preccessor. '

image data. This unit can record 20; 000 elements per range line and hae a

interaction between thr nser and the system. The computer peripherals

X

frora the control ranel.

5.2 MOUDES OF OPERATION

alon a scan tape is prepared as shown in Figure 5-5. Each of the mission

tc select vertically pelarized X-band data and process the datu in 5 low

" tape when.played back into the CRT display provides the user with a quick

5-5

capacity of 1500 feet of 5-inch fiim. The entire system is controlled by the

general purpose computer, The coinputer with a contra! panel simplifies the
(disc mensory, tape recorder, CRT terininal, card reader, and line printer;}

provide program and data storage as we'. as input and cuiput of programs,
data, and analytical results. .1ll components within the sy~tem are operat:d

tapes is played back into the PSP, The PSP is programrned by the computuer

resolution mode (100 meters). The image data is then recorded on magnetic

tape with the recorder cperating at a tape speed of 8 inchen/8cc. Thie gean

look at the image (cr the complete mission. The tape can be played *sck in

real time or at high sneed (120 IPS). Also recorded on the scan tape will be a

t

' The sequence of operations for the Ground Processing Syatem is showa
in the operation flow chasts in Figures 5-5, 5-6, and 5-7. After each mia-




MISSION TAPES

\-4
TAPE PLAYBACK
0> | 1 REAL TIME
PLAYBACK
OPERATOR EXECUTES .
SCAN PROGRAM
\ P52 PROGRAMMED TO
\ PROCESS DATA AT 1/4 RESOLUTION
SYSTEM A COMPUTER [—~{ P.S.P.
PERSORNEL COKSOLE
t DIPLAY
° o OPERATOR MONITORS
- IMAGE AS IT IS5 RECORDED
CRT TERMINAL | scan a:ooao
PROGRAM STORED
ON DISC

\ AECORDED AT /168 REAL TIME
T”E {MISSION TAPES REDUCED TO

ONE SCAN TAPE)

Figure 5-5. Sp;a‘ce shuttle ground processor
operaticnal tlow — scan tape generation.

SCAN /” "\ RECORDED AT 1/16 REAL TIME
: TAPE \./ [MISSIN TAPES REDUCED TO

ONE SCAN TAPE)
é -
. o o SCAN TAPE 1S SEARCHED FOR
USER POSITIONS - DESIRED MISSION TAPE AND MAP
CUA5GCH OVER 2LAYBACK | AREA TO BE ANALYZED ,

SELECTED MAP AREAS \ %
/

SYSTEM ——————— 01 CoMPUTER
PERSONNEL L
SAY TERMINAL CURSOR COORDINATES AND
OPERATOR COVMANDS 4 =" WISSION TAPE DATA STORED
CORPUTER TO LOAD EDIT § IN COMPUTER
PROGRAM INTO PSP ;
. ,...-....9 o P3P
! PLAYBACK PSP RECEIVES CURSOR DATA
) ® ~— AND SELECTS DESIRED DATA
FROM PLAYEACK OF M1SSION TAPES
glsuon a »
APES . SELECTED PORTIONS OF @ . -
(o) MISSION TAPESARE ~ — | '
RECORGED ON £CIT TAPE RCCORYLY
1]

EDIT DI
TAPE‘ o 9 EDIT TAPE IS USED FOR ANALYAS

Figure 5-6. Space shuttle ground processor operational flow —
edit tape geucration. »
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location code, which will designate on the display the mission tape anc the )
time code for the particular ground area that is being displayed.

With the scan tape, the operator can then generate an Edit tape as
shown in Figure 5-6. The user plays back the scan tape and the image data
is sent directly to a CRT displa&. A passing scene of the mapped area is
presented on the display in either real time or at a 16/1 speedup. When an
area of interest appears, the user freezes the display and positions a cursor
over the selected area. The location code and the ¢_:u-rsor coordinates are
then sent to the computer for storage. The user continuesz the review urtil
he has selected all ground areas he wishes to analyze. The system operator
then prepares an Edit tape. He plays back each of the mission tapes that
contain the desired data. The location code and cursor coordinates are sent
to the PSP and the raw data corresponding to the location is sent to the tape
recorder where the Edit tape is prepared. The Edit tape will contain the
synthetic array raw data with both frequencies and polarizations of the
selected areas which are to be anal)'rzed. )

The Edit tape is used for analysis and copy as shown in Figure 5-7,
The data’ is processed by the PSP, The signal processing parametars
(resolution, ‘'motion compensation, dyx{amic range, etc.) are controlled by
the computer, A PSP program, which is stored on disc, is sent to the PSP
by the computer. The PSP operates on the data and sends the process data
to the displays. Each of the dispiays has a resolution of 1000 clements. The
four black and white displays can then be used to show a complete range
swath at a single frequency and polarization'with maximum res‘olutioﬁ.
Alternately the displays can show each of the frequeﬁcies and polarizatioﬁs
at a reduced resolution. The choice is controlled by the user via inputs to
the computer, If the user wishes, he can gex.xerate a composite display on
the color monitor. He can assign colors according to a stored algorithm or
he can control the display manually by inputs at the CRT terminal.

The computer also has a more accurate means of anaiyzing the image
- data. On command by the user, the display freezes the image and a cursor
appears along with the map. The user positions the cursor over an area on
the map. The data within the cursor is then sent to the computcr. When

the transfer is complete, the computer operates on the data. Analytical

; . 5.8

ot o -

'..a wa
-y

B e bl e




i

=2

Nt e am g O L R et Rad e R R e A

s

programs guch as correlation functione, scattering coefﬁciegt measurernent,
and spectral density functions c2u be called from disc memory and the com-
puter will perform these measurements on the data. The results of this
analysis will be presented to the user on the CRT terminal. At this time the
user can aiso record on computer compatible tape a copy of the selected
image data. The data can then be analyzed cff-line with a large scale

computer,

The data copy mode provides a high resolution film copy of the image '

data. The fi'm recorder receives data and synchronizing signals from the
PSP. The image data is then recorded on 5-inch film. Since the recorder
has a capacity for 1500 foot reels, the image data from a mission can be
recorded or. two reels of film,

Analysis is the primary mode of the GPS. In this mode the user can
analyze the synthetic array data on the CRTs with the computer. He can

generate data copy with the computer for off-line analysis or with the {ilm

. recorder for analysis at other locations. The analytical programs available

to the user are stored on disc and constitute a portion of the GPS software
library. . }
The GPS software library contains utiiity programs and applications -

programs. The utility programs are designed to minimize the data handling

required by the user. They are generated and executed by the GPS personnel, '

Applications programs are executed by the user and define the type of
processing that is to be performed on the data. The programs are described
below: ' ) ’

Utility Programs

i. SCAN — This program is used to obtain 2 recorded catalog of the

mission tapes. The PSP processes the mission data at 1/4 resolu-

tion and displays the X-band {VV) image data. The operator
then records each of thz missions on the scan tape. Auxiliary
data specifying the migrion, date, and time node v.ill alsu be
recorded.

2. EDIT SEARCH — This program searches the scan tape to locate
areas that will be processed by the user. The scan tape is
played back into the PSP. The PSP serds the data directly to
the display. The operator designates the desired area by

5-9
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. positioning the curnor onto the area and transferring the cursor

coordinates to the computer.

EDIT COPY — This program searches the mission tape, selects
those areas defined during the search operation, and records the
raw data onto an edited tape, The PSP is set to process the data
at 1/4 resolution so that the operator can monitor the image data
on the display.

Applications Programs

There will be three types of applications programs. Processing

programs determine the type of synthetic array processing performed by

the PSP. These programs affect the pre-detection functions. The image

modification programs define the post processing fuaictions of the P3P,

These will operate on the image data. The third set of programs defines

the statistical analysis that will be performed by the computer.

SAR Programs

‘lo

2.

_cursor,

Resolution — The PSP will process the data at either full or

. 1/4 resolution as selected by the user,

Select Data — The PSP will provess either all of the raw data
or only that data selected by the user or designated by the

Image Modification Programs

Linear — The PSP processes the image data linearly,
Log Compression — The data is log converted prior to display.

Dynamic Range — The user designates which bits will be

. displayed.

Display Composition — The image data to the color display will
be 2 composite of the four images according to the equation:

4 _
Dy(X,Y) = ZKn (T) fn (Dn‘ (x,Y)) Cn
. <.
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where
,Dn  is the image data to the Nth display- °
X,Y are the coordinates of the-resolution cell -
Kn(T) is an image fade function
fn is an arbitrary function
5. Image Enhancement — This program will optimize the assignmer.xt
of CRT gray levels to enhance the image contrast,

6. Image FFT — This program will perform a two-dimensional FF'T
on the image data, .

Statistical Analysis

1. Hlstogram — An amplitude versus frequency histogram of the
image data will be displayed.

2. Auto-Correlate — The computer will perform a two-dimensional
auto-correlation of the image data.

3. Cross-Correlate — The four sets of image data will be correlated
" by a two-dimensional cross-correlation function.

4. Spectral Density — The spectral density function of the data will
. oe calculated.

5, Scattering Coefficient — The radar scattering coefficient will be

averaged across selected areas of the image.

"In addition to these programs other programs can be ger-lerated by
the user and added to the permanent library file. The operating system
aliows the user to write his prégrams ih a high-level or pr.oblem oriented
language. A compiler will be designed to translate the program to machine

language required by the PSP,

5.4 GROUND SYSTEM OPTIONS

The Programmable Signal Processor offers complete flexibility in the
design of the Ground Processing System. Initially, a low cost systém can be
developed for processing the synthetic aperture data and generating a film
copy of the ground map. This basic system would contain a tape reproduce

unit, the PSP, and a film recorder. Ground processing parameters could be

varied by changing the PSF software. This basic system would be sufficient '

to verify the performance of the Radar Imaging System and also define the
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grouywd processing parameters. As the amount of collected data increases,
the GPS will become overloaded and other functions can be added to the
system, which will increase the processing efficiency, The addition of a DSC
and CRT will provide a quick look at the image data and thereby reduce the
amount of imag- data that must be recorded on film. A tape record unit will
provide editing capability and reduce the data handling required by the user.
Finally, other PSPs and CRTs can be added wiaich will increase the process-
ing rate and provide the user with an efficient system for processing and
analyzing radar imagery data.
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6. 0 PRELIMINARY SYSTEMS SPECIFICATIONS

These specifications are in the most part abstracted fromn the
preliminary design work reported earlier in this report and from References
1 and 2. The purpose is to establish a starting point for a detailed design
phase of the ERSIR Program. To same extent the requirements specified
may be too rigorous in that a detailed design effort may show that the speci-
fied image quality cannot be obtained with the specified subsystem param-
eters, As an example, the specified transmitter power may, because of a
better estimate of antenna efficiency, be insufficient to provide the required
signal-to-total noise ratio specified under "Image Quality Requirements, "

6.1 OPERATING MCDES

Operating modes are described in terms of those parameters and
functions that are to be controllable or selectable respectively {(see Tables 6-1
and 6-7). ) .

6.2 OPERATING ORBITS AND OFF-DESIGN POINT PERFCRMANCE

ERSIR is required to operate in a 200 km altitude circular orbit. It
is required to perform at up to 400 lon and to produce useable data at this
altitude, although reduced performance is acceptable, Table 6-3 shows the
variation of performance with altitude. ' o

6.3 IMAGE QUALITY REQUIREMENTS

Nolse background on the output image is attributable to several

sources, Among these are:

receiver front end « (thermal noiee)
A/D converter step size - (quantization noise)

6-1
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TABLE 6-1. CONTROLLABLE RADAR PARAMETERS,
Controllable Maximum Maximum St;:p
Radar Parameter Value Value Size
Swath Offget (lan) 275 kan 360 km 1 km
Swath Width Recorded 45 Ion 85 km 1 km
Ground Range Resolution 12.5m 25.0m 12.5m

TABLE 6-2, SELECTABLE RADAR FUNCTIONS,

" Selectable
Radar Function

Transmitter Frequencies
Data Link Transmission

AGC Type

.R.eceivér Channels Recorded

Spaceboard Unfocused Display

Optinrs
Xand L, or X or L,

" tions or none,

All or any combination of their two -
frequencies with their two polariza-

From data tape, real timm.e, oz no -

data tranamission,
Any 40 on swath width within

selected swath paramecters,

Gain as a function of range, local
averaype of scatterer magnitude, or
a combination of these,

TABLE 6-3, OFF DESIGN-ALTITUDE PERFORMANCE,

Pequired Performance

Performance 200 kam 300 km 400 lom
' Parameter Altitude Altitude Altitude
: Maximum Available 85 70 RUTH
Swath Width o
Minimum Signal-to- | 7 dB 7 4B 7 dB
Total Noise Ratio -
Resolution {(ground) 25m x 25m 25m x 25m 25m x 25m
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A/D limit - (saturation noise)

pulse compression - (range integrated and peak side lobe noise)

pulse repetition frequence - (range ambiguities and azimuth
ambiguities)

azimuth compression -~ (azimuth doppler filter integrated and peak
side lobe noise)

In the specifications the signal-to-{otal noise ratio is determined by dividing

the average signal power by the sum of the noise powers contributed by the
above sources., The primary image quality specified is this signa.i-to-total .
noise ratio; however, the contributing comi)onexits are also individually

specified as they are rot entirely equivalent, For example, azimuth arhbigu- )

ities can cause ghosting whercas quantization noise will not. Also, azimuth
ambiguities are more sharply focused than range ambiguities. Still, a large
number of noise contributions, some of which are further effected by scintil-
lation (such as the ambiguities and side lobe contributions), and by defocus-
sing tend towards a randomized noise, That is, the noise tends towards
less specific image dependence, and more towards dependence on average, '
image co's. C e

To a first approximation, then, the image dependent noise is speci-
fied in terms of a uniform, homogenous, diffise terrain having a constant
average radar cross section per unit area (o’o). Thus the desired resolution
cell has the same %% (cr = -17 dB) as does the terrain contributing to the
ambiguity noises, a.nd the range and azimuth side lobe noises, = '

Image quality is sperifxed further by constaering a hole located in
the uniform terrain model, to which is added a few large discrete back-
scatterers., By a hole is meant a small region of 3 or 4 resolution cells
over which 9, is zero; an example is a small, very still pond of water, The
amount of image noise from the discrete backscatters.and from the cther
noise sources already listed is termed the ''hole noise', Dynamic range is
now defined as the ratic of the maximum discrete scatterer power-te-huie ‘
noise that could be available at the digital correlator {ground processor) 3
output. Figure 6-1 shows the terrain oackz..attermg charactenstxca

assumed for this case,
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Figtire 6-1. Evaluation terrain model.

6.4 SPACE SYSTEM CALIBRATION

Uncertamty in the meaaured image power is caused prmc1pally by
uncertamtles in the following parameters:

(1) antenna gain (including overall efficiency); (2) reéeiver gain;

'(3) transmitter peak power; (4) propagation path losses; (5) terrain factors

{terrain slope for difuse backscatterers); in terms of these parameters, the
measured power, S, for a single resolution cell is ’

. g\ -
z rec 2 8in ¢
K, P G 1+=2) (1 + | 4G
M 0% % Poo) { crec)( S, (em(¢+§¢

5= L um ¢

where: (1) PO' GO and Grec are the measured values of transmitter power,
antenna gain in direction of resolution cell, and receiver gain respectively;
(2) X Loui is the atimospheric propagation loss; (3) 4>0 is the wave incidence

-

angle at the resolutmn cell (includes ground slope); {4) g : G and grec
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are the errors in the transmitter power measurement, the antennz gain,

estimatc pertaining to the resolution cell, and the receiver gain measura-

‘ment respectively, (5) §¢ is the error in the incidence angle at the resolution

cell; (6) L is the actual average backscattering cross section per unit area
of terrain at the resolution cell; and (9) KM is a function of the other vadar
parameters which do not contrsibute significantly to the uncertainty in the

image power estimate (or the ultimate estimate of o'o),
krladsT
K = r a r A
M (4m)’

k = constant Ir = PRF
‘ A = wavelength Tp = synthetic array length

dr = glant range resolution R = range

d_ = azimuth resolution length

a
Here only the radar sensor uncertainties are considered; i, e., §p. F’rec
and §G. If Fquation 6-1 is normalized, an expression for the uncertainty

in the % measurement contributed by the radar senssr is

(To*
_log A(-;-o—) =logu

where: ; - : | oo . L

§ gx'c: gG
-u+p b M+g=) Q4g)

_rec 0
Here the logarithm of u is assumed to be normally distributed; connequent-y
u in dB is also normally distributed. ' ‘

Two characteristics of u are considered in these specifications; its
power .spectral density function and its magnitude, Knowledge of its spectral
density (or, equivalently autocovariance function) aids in the quantitative
comparison of data collected within a given time interval, and, of course,
magnitude is needed for reference to standards. Actuadlly, the intsgral of
the spectral density is equal to the variance of u plus its mean gquared

("mean' is here the time average cver a single misgion; over the ensemble
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of missions it is assumed to be normally distributed about zero; i.e., log u
is normally distributed about zero),

The limiting envelope of the power spactral of u in dBR {Figure 6-2)
is defined in terms of a delta functior at zero frequency and its values ai
three frequencies:

= 0 Hz
= 0, 302 + orbit period in secs

£ .
mission

f .
orbit

f = 0, 302 + calibration update interval in seconds
update

LAUL ]
4

] i R 1 \ { o
o >
T:o“ T 104 T:o’ 4 10%, He
]
fussion  foreir "tooxm  furoare

Figure 6-2. Limitirg Envelope of u (in dB)
Power Spectral Density

Roughly speakirg during a single orbit the rcan of u (in dB) is g’ven by the
integral of ¢(f) to the left of f_, .., and fluctuating component is tke integral
of &{f) to the right, A similar remark applies to the other break points,

These integrals for the limiting envelope of Figure 6~2 are listed in
Table 6-4.
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Allocation of the allowable contributions of antenna, transmitter,

and receiver to total integral of &(f) are given in Table 6-5,

TABLE 6-4, CALIBRATION ERROR MODEL

"MEAN " "FLUCTUATING"
£ Ho =\/]; Ty 0as g = t‘:@(f)df
fmission » 92 dB +91dB o
£ rbit 1.06 .73 : :
£100 km 1.10 . 66
fupdate 1.22 .39
£, 1.28 -

TABLE 6-5.. CALIBRATION ERROR CONTRIBUTIONS SOURCE

Source An’tenna.* Transmitter Receiver
& 1o e | H' H'e “"'c; ,A"‘“'f
fmission 0.7dB 0.4dB 0.3 dB 0.2dB 0 25'dB | 0.30dB
forbit 0.73 0. 35 0.33 - 0.13 0. 27 ) 0.29
£1 00 1m “0.81 0. 05 0. 35 0. 08 0.29 |o. 28
fypdate | 082 - 9..3;6 ~ 0.38- | o0.10
fo 0.82 ' - 0. 36 - ;).40 C -
Notes:

*Peak gain, two way
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6.5 SUBSYSTEM PARAMETERS

6.5.1 Trensmitter/Receiver Subsystem

Stable L- and X-band transmitter/receiver subsystems are required..

The subsystems will operate at fixed frequencies determined by stable, low
noise reference sourccs from corresponding L- and X-band exciters. The
transmitter/exciter/ receiver subsystems include modulators controlled by
master timing waveforms from electronics in the pressurized module bay;
thus waveforms that are identical with respect to pulece compreséion, trans-
mitter pulsed output timing, and receiver enabling signals are supplied to
the L- and X-band subsystems., A means is provided for replicating the
transmitter waveform and inserting the résulting down-converted i-f test
s{gnal into the respeciive receiver to serve as a continuous monitor test
signal, This signal is used for built-in-test and for calibration of the mea-.
surement system. Receiver AGC signals have a long time constant, Their
control s{gnals come from mocdule bay electronics. .

Major parameter requirements of the L- and X-band transmitter/
receiver systems are listed in Table 6-6. Frequency requirements are
largely determiped by available spectrum allocations, availability of trans-
mitter tubes, and user community preferences, The recommended system
parameters with respect to frequencies (1. 045 and 9. 0 GHz) are guides
which provide L-band near the maximum useable wavelength together with a
convenient X-band frequency for a large ratio (9:1) of wavelengths, Shorter
L-band wavelengths reduce antenna aperture. height and processing require-
ments, The X-band wavelength can be shortened to about 2. 6 cms with
'aome, increase in power re_quirements or rcduction in coverage. The trans-
mitter subsystems assume an array of 10,7 meters length similar to the

‘recommended design, Power requirements are based upon resolutions of
25 meters with swath width coverages >60 KM for terrain backscatter

- coefficients of n= -18 dB in X-band (8.5 to 11, 8 GHz) and n= -27 dB (1 GHz)
to -24 4B (2 GHz) in J -band,

. 6-8
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TABLE 6-6, MAJOR PARAMETER REQUIREMENTS FOR L- AND
’ X-BAND TRANSMITTER/RECEIVER SUBSYSTEMS3

Parameter L-Band X«Band
Wavelengths! X, cms 28. 7 (15-30) 3.33 (2. 6-3.5)
Average Tran_ﬁmitter Powerz, 200 500/, 3\
Nomina} Wat!:a .

Receiv;er Noise Figure, Max, dﬁ 2.5 4,0
'Operatirg PRF's, Min-Max, Hz 1200-1800 1200-1809
Pulse Compression Ratios 64-324 64-324
Peak Power B.atingsz, Nominal, Kw | 6.6 17/.3\
Duty Factox:s,' Nomina! Max 3% T 3%
Trangmitted Waveform, Bandwidth | 27 MHz 27 MHz
Max
Transmitter Tube Bandwidths, Min | 75 MHz 75 MHz
- Receiver Bandwidth, Min> 35 MHz 35 MHz

Notes: . ' -

1) Baseline frequencies are 1. 045 and 9, 0 GHz, respectively; L- and
X-band operate at fixed frequencies in the indicated ranges.

2) Po‘w'er requirements are based upon an array of 10, 7-12 metere
length; in X-band power should be scaled linearily with frequency,

500 watts at 9, 0 GHz (A in cms).

3) Filters matched to transmitted waveform are provxded w1th the

signal processing

.

i
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6.5.1.1 Transmitter Req;;irements

Preliminary requirements for the transmitter are given in

. Tables -6 and 6-7. The operating temperatures specified are design limits.
The Spacelab thermal control system (TCS) and auxiliary payload supplied

" facilities are to be employed for a nominal operating temperature from
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TABLE 6-7. TRANSMITTER REQUIREMENTS

L Parameter - L-Band X-Bard
Operating Temperature Range, °C -20 to +40 -20 to +40
Average Power, Minimum 200 W T 500 W
Gain, Minimum _ 30dB 50 dB
Drive, Maximum W 0.3 W
Gain Deviation, Maximum TBD TBD
Gain Drift Kate, Maximum! TBD TBD
PM and AM Sidebands, Maximum? -45 dP .45 dB
RF Power Droop in 25 ps, Maximum | 0,3 dB 0.3 dB
Notes:

1. In any 1 second period. . :
2. For any frequency >100 iz, measured in 100 Hz bandwidth,

(TBD)OC to (TBD)OC at the pallet bay zlectrenic cold plate, mounted on the
back of the antenna in the baseline design, (References 1 and 2)

6.5.1,2 Exciter Reguirements

Preliminary requirements for the exciters are given in Table 5-8,
Stability requirements for the exciter appl'y to the local oscillator oufputs as
well as to the transmitter drive signals. The transmitter drive outputs are
gated and the leakage levels at CW are spéci.fied for the purpose of avoiding
excessive zero-doppler feed-through in the receiver channels,

The maximum deviation per state for the digital phase mouulator is
to L2 determined; maximum deviativns of £n/24 are desired. Since ERSIR
is not to be mass produced, a (TBD) screening process for (TBD) maximum
phase state deviation is. allowed,

o
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TABLE 6-8,
Parameter L-Band X-Band
bperatlng temperature, °c -20 to 40 -20 to 40
Carrier frequency, GHzl' FL +100 PPM FX +100 PPM
Carrier drift rate, max”’ F o 1077 per tec | Fy @10’ 9 per sec

FM, PM, and AM noise,
max”e

-75 dB/C at ¥>
1060 Hz

-97 ¢3/C at F>
106 Kk«

-75 dB/C at>
1000 Hz

-97 dB/C at F>
10 KHz

RMS frequency deviation,
max:

In 20 Hz band centered
at 100 Hz

In 1 KHz band centered
at 600 Hz

Drive power output, gated,
min peak

Drive power leakage, max

Power output stability,
max dev

Power output drift rate,
max?.

Local oscitlator power,

0.8 Hz
2.7 Hz
7 watts

-100 dB/ MW
£0, 5 dB

0.1 dB/minute

20 MW at Fy, +

0.8 Hz'

2.7 Hz
0. 6 watt

-100 dB/ MW
+0, 5 dB

0.1 dB/minute

20 MW at Fx+

e R

frequency 70 MHz 60 MHz
20 MW at FL-+ 20 MW at Fx +
.75 MHz 65 MHz
Digital Phase Modulator . ‘
(4 bit); phase rtates 16 16
' Quantization size n/8 .- n/8 e
Max deviation per state> | TBD (desired . TBD (desired
+ nf 24) xu/24) -
State transition time, max|{ TBD " TBD B
Peak amplitude modula- 6.2 1B 0.2 dB
tion, max .
Notes:
1.) For baseline: Fy,:-1.045, Fx = 9.0; 'y FX to be assigned in
band 1 to 2 GHz and 8.5 to 11.5 GHz, sespectively.

In any 10 ms period,

In 2ny 1 sec period,
Phase states are: ¢
=1,2.....15.

TN
A g

(quxescent) and 45

In 100 Hz bandwidth at frequency F; dB relative to carriez,
.T_f_ .
=4, *+3 (i+1/3),
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6.5.1.3 Receiver Requirements

Prelﬁ;’xmary requirements for the receivers are given in Table 6-9,

The receivers are to be blanked by means of a receiver blanking sig-
nal synchronous with the tranemitter timing gate, Allowable transmitter
feed through is specified at levels consistent with the use of a continuous
monitor IF test signal. This built-in test signal is applied in the receiver
before AGC, Its purpose is to supply up-dated receiver gain data.

Cross-talk between any pair of receivers is specified at levels con-
sistent with requirements for mininium mutual coupling between cross-

_polarized antennas; the antenna specification at L-band is -30 dB and is the

limiting a;;plicable specification, Staggernd IF's are specified to facilitate
mutual channel isolaticn,

6.5.2 Antenna‘Subsystem

Preliminary antenna subsystem requirements are summarized in
Table 6-10., These requirements reflect the baseline choice of a planar array
with dual polarized L-band antennas in a common aperture and separate.
apertures for horizontally and vertically polarized }(-band antennas,

The antenna subsystem pi-ovides three vertical beams to effecfively
illuminate terrain at vertical pointing angles of 20° to 57° and thus provide
for terrain imaging at 10° to 690 look angle. Threé beamwidth cheices in
the range 5. 7° to 20.8° are'a satisfactory compromise with the ideal of
continuous adjustinent to match desired swath width coverage versus look
a:igle. A broad beamwidth vertical antenna pattern (15, 4° to 20. 89) is

. formed with a narrow section of the vertical dimension of the L- and X~band

apertures; an intermediate peamwidth pattern (éo to 10°) is obtaiaed from a
broader section of about twice the narrow ‘section height, The two sections
are combmed mth suitable sthchmg of corporate feeds 10 form a narrow
vertical beamwidth (5. 7° ¢0 6. 3° } antenna pattern,

A relatively long array of 10, 7 meters minimum is spectﬁed for two

reasons;

1. A long array permits sensor operations at the low prf's needed
for swath illumination at larpe offsets and look angles with
acceptable range ambiguity suppression;

6-12
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TABLE 6-9. RECEIVER REQUIREMENTS
Requirement
Parameter/Function L-Band X-Band
— —
ﬁ Operating temp, ©C -20 to +40 -20 to-+40)

Noise figure, max 2.5dB 4,0dB
Image rejection, min 20 dB 20dB
AGC range, min 30dB 30 dB
Gain, min* 60 4B 60 dB
Gain deviatio:, masx** +0,7 dB 0.7 dB
Gain drift rate, snax#%# 0.1 dB/min 0.1 dB/min
Transmitter feed through, pea.k1 -85 dB/mw -85 dB/mw
Cross talk, max’ -40 dB -40 dB
Output saturation level, min3 +16 4B/mw +16 dB/mw
Input saturation level, min> -35 dB/mw -35 dB/mw
Bandwidth, min 35 MHz 35 MHz

Notes:

blanking signal

#RF input to i-f output at quiescent (0) AGC level
=2#At any {ixed AGC level
#%%In any 10 sec period at fixed AGC level
1., At the input of AGC'd i-f circuits with application of suitable

2. Between any pair of receivers
3, At 1 dB small signal suppression




TABLE 6-10,

ANTENNA REQUIREMENTS

Parameter
1.

Carrier wavelengths, cms
Bandwidth, min

Length, min

Helght, max

Weight, max

Stowage:
Deployment:

Jettisonable:
Type:

Polarization:

Mutual coupling, max:
Multiple vertical beams:

Beam axis misalignme.nt, max:
(any pair of b2ams)

Narrow vertical beamuwidth:
Vertical beamwidth ratios:
Vertlcal planc tilt
Peak sidclobes, max deviation
relative to uniform {llumination
pattern:
Gain mecasurcment

Accuracy cstimatc, 20 2.

Mair lobe pattern measurcment

Accuracy cstimate, 2¢ 3.

Requirement

L~band: 28.7 (15-30)
X-band: 3, 33 (2.6-3.5)

75 MHz, L- and X-band
10.7m

3.3m

TBD

Dual fold to cingle pallet, 3.2 x4m
max horizontal area

Unfolded, tilted from hinged edge
athwartship orlentation

Yes, by mechanical means

Plunar array

L- and X-band, linear vertical ard
horizontal, selectable on transmit,

cach on receive

~10 dB between polarizations, each band

3 co-planar, each polarization, each band

%3 mr vertical; 2] mr horizontal

6 0, 3°
1, 1.5 0.1, 30,3

10° to 60° from horlzontal

21,0dB

Yes, on suitable antenna range
%0, 7 dB, cach beam

Ycs, on suitable anter.na range

0,5 dB, ecach beam

1. DBaseline frequencies: 1,045 GH: (L) and 9, 0 GHz (X); design center
irequenci=s to bc sclected from indicawed range,

2. Galn mcasurement to include corporate fced losses and effect of
VSWR: thermal stress effects to be evaluated,

3, Measurcment relative to principal axis in principal plane to

-12 dB poiats {(onc-way).

Thermal stress effects to be evaluated,

T T S GVCA: B |
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2. It favors economic Shuttle energy resources management and
expeditious development of transmitter hardware because of
_the decrease in RF power requirements with antgnna lergth,

Maximum length of the antenna is restricted to about 12 meters by
the need for single pallet stowage with at most two folds -and Illumination
requirements for multiple-look imaging at 25 meters resolution, at least
4 looks with an overlap between successive looks of about 50 percent,

The minimum antenna length (about 10. 7 meters) is determined by
dynamic payload envelope constraints and the baseline choice of simple
deployment and antenna pointing mechanisms, as discussed in Saction 3, 3
and illustrated by Figure 3-37, A detailed antenna design study should con-
sider the possibility of practical implementations of the simple deployment

" and antenna pointing concepts which permit extensicn of the antenna length

to 11 meters or more, i

A vertical height of 3. 3 meters maximum is adequztc for a mhumum
beamwxdth of 5.7°% at L- and X-band wavelengths of 28. 7 and 3, 33 ¢ms,
respectively, and is consistent with a requirement for single pallet stowage,
Final detailed design choices of carrier frequencies and beamwidths should
result in a total antenna height of 3 meters or less..

Thermal considerations require thermal isolation of the antenna's .
radiating surface and the thermal mass of the péyload gupporting structare .
and electronics. As a practical consequence, operating temperature speci-
fications for the antenna subsystem in the conventional sense are largely

irrelevant, Inthe baseline design the pallet bay electronics are mounted on

"acold plate fixed to the back of the antenna;, and provision is made for heat
‘exchange with payload thermal resources, The antenna radiating surface is

thermally isolated. Specification of operating temperature conditions for
the pallet bay electronics and the cold plate is properly pa.rt of the
transmitter/receiver subaystem, ,

Ideally, each pair of artenna beams are coaxial. The speciﬁcation of
3 milliradians maximum relative vertical beam axis misalignment is about
3 percent of the narrowest beamwidth (5. 7° minimum) and consistent with
practical overlay registration considerations for dual frequency cr dual .
polarization imagery. The relative horizontal beam axis misaligmnent of -
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1 mﬁliradian is approximately one~third the X-band bnamwidth and is a
practical compromise between the achievable and the impractical ideal,
micro-registration of dual polarization X-band imagery. It will be neces-
sary to compensate for the inczemental doppler because of X-band horizontal
ax‘s misalignment in ground processing, The horizontal axls misalignment
specification is equivalent to 4 to 5 percent of the L-band beamwidths.
Resolution element spacings of 25 meters correspond to about 100 micro-
radians {e.g., 25m at 250 km range),. Along track registration of dual
polarization or dual frequency imagery to a resolution cell width is a func-
tion for ground processi.ng.- ' ] ’

Mutual coupling of dual polarization apertures is specified at-30 dB,
a practica® and attainable value for the common aperture L-band case and a
value readily exceeded by the separate aperture X-band approach, The iso-
lation of 30 dB provides a cros> Apolarized to direct signal interference ratio

'
- e i e

Ctmm 3

of at least 15 dB for practical applications, for which direct to cross polariza- ‘ :

tion ratios are typically less than 12 dB, Cross talk in the receiver channels
is specified at -40 dB maximum to assure a satisfactory margin at the mutual
coupling specification for the antenna,

Gain and pattern measurements of the artennas must be made prior -
to their use 1 Shuttle experiments, However, the length of the antennas and
the relatively large vertical beamwidths impose stringent requiremenis on
an antenna rsnge; and facilities must be adequate for measurement accuracy.
The objectives of such measurements are to provide calibration data for
gains, beamwidths and patterns fpr use in earth resources measurements
with ERSIR sensor, The requirement for making gain ard pattern measure-
ments prior to Shuttle installation should be waived if suitable facilities can-
not be provided at reascnable cost. In eithev case, specially designed
Shuttle experiments for the purpose of gaia and pattern measurements are
recommended, .

Evailuation of thermal stress effects on anrtenna gain and pattern on
the basis of analysis and appropriate test daia are planned. Resulting
antenna test deta will be used to correct nominal antenna gain and pattern
calibration cata for various incident solar radiation angles during Shuttle

experiments,
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6.5.3 Space System Preprocessor Requirements

The preprocessor generates timing and control signals and pre-
processes recciver IF signals for data storage on magnetic tape. Data are
recorded in a digital format, ‘Preliminary requirements for the ERSIR
space system preprocessor are given in Tables 6-11 and 6-12,

Signal conditioning requirements include the generation of analog
AGC signals independently for each of the four receivers, The AGC levels
are emoothed with a time constant of (TBD) seconds, AGC signals are
recorded for subsequent use in data reduction, . ;

Contoured AGC is adjusted to accommodate varying signal levels in
a number of range segments that will be determined in subsequent detailed
design studies, Ultimately the number of range segments should be at least
8 (about 10 kun intervals) and possibly ac many as 80 (about ! kumn intervals),
‘The contoured AGC levels are adjusied independently for each of the four
receivers and the range segment AGC signals are recorded ror subsequent
use in data reduction. The contoured AGC levels are updated at intervals
that correapon;'l to the equivalent range segments. The two dimensional
AGC segments are to be approximately square; e.g.: 4 x 4 km,

Video eignals are processed in matched quadrature phase filters
before A/L conversion. Specifications on quadrature channel phase and
gain balances include the contributions of the filters., One of the seven.
selectable bandwidths will approximate the sigral bandwidth [or 25 meter
ground range resolution, for look angles of 15° to 60°,

Buffer output data.rates for the baseline design are 260 mB/s maxi-
mum. The data storage requirements are satisfied by two high density,
multi-track tape recorders. If such recorders are not available, two 90 to .
IVOO mB/s recorders are a‘cceptable’as an alternate solution, which will be ‘

implemented in the back-up design.

6.6 BUILT-IN-TEST

The space radar subsystem incorporatssg built-in test (BIT) circuitry
for checking operating status of the equipment, It provides for checking per-
formance of the major subassemblies and for the cintinuous monitoring of

critical parameters. The cortinuous monitor performs calibration functions
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TABLE 6-11. SPACE SYSTEM PREPROCESSOR
REQUIREMENTS

1. Signsl Conditioning:
Function/ Pa rameter Requirement
Operating temp, °c -0 to 40

PRF timing g-ln:l'

Rates 'r' Ha 3200 ¢to0 1800
Daration T, ps 1% t0 2%
Accursey lof . T 40, 01%
Time jltter, Ze, ne? '
Video Signal Condl!lonlng"
1-F Input saturation lovel, minds +10 dBM
Selaoctable video bandwidths, Mz T:0.5. 4.5, 5.5, 7. 9 15, 108
Quasisature channel balance:
Phase deviation, te «°®
Galn deviatlon, *e 40,240

A/D Connﬂvr"

Preclsion, bits 8l, 8Q
Ovcrsampling, mia $%

Speud, Ml 7te 0
AGC'd sutpul to bufler, bite 51, 5Q

Mulse Compn-uloal'

Trpe Digltsl approximation to llncar FM
{4 bite phasc quantinatton)
Clock ratc l‘. MH: 80 Mifs £50 °PM
Bandwidths I}, i 6 27
Aceuracy in B «0.01%
TB products, I'CK 6410 t24
Time .mn.‘mnm n.-b' 0.9
Recelves AG(‘-"
Trpe Fized, sralog
Update intorval, min ™o
AGC range, min 104D

Procrssor AGC"

Trpe Uigital, contoured to range profile
Rango segmu ats o to 3. socmcote/swath
AGC range Point ahift, 8 bits {in) to 9 bits (oumt})
Notce:

1) Simultaneous L- and X-%and chaanele
2) Pulse positicn crrogs ot PRF imorvals
3} Ingependcntly, each of 4 receivers

4) At ) dB emall signal supprcersion

$) Stmultancous L+ and X-band chanmels

6) Pulse position errore at PKRF intervals

T} indspendently, each of € recelvers.
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TABLE 6-12, SPACE SYSTEM PREPROCESSOR REQUIREMENTS

2. Space Preprocessor:

Function/Parameter

PRF-buffer
Storage capacity, max

PRF-buffer
Oviput rate, max

Monitor display

Processor

Scan converter capacity
Disgplay

Dynamic range, min

Recorder recuiremerts

Rate requirements. max

Bit errcox rate, max
Number, max
Record time per reel

Reel size, max

Reel weight, max

Requirement

87.5 x 10° bits/channel; 350 x 10° bits

65 x 10° bits/sec/channel; 260 x 10°

bits/sec

- Unfocused strip map, any of four

chanr- 18, 150 m x 15C m resolution
(6:1 range collapsing)

3,6 x 105 elements; 3 bits/element

600 x 600 clements, to 90 Jan swath
coverage at 150 m resclution .

6 grey scales, logarithmically com-
pressed video

65 x 10° bits/ sec/channel;
260 x 10" bits/sec

1 part/in 10° (vandom)

2 at 240 MB/s each

16 mir at 240 . B/s

Diameter = 35 cm,, width =5 cm

8.5 kg

that are described in Section 4.4,

In addition to calibration, it provides for

continuous monitoring of such critical parameters as voltages, currents,

pressure, coolant flow and temperature. The remaining BIT will ieolate

failure to the pallet bay or pressurized module subagsemblies,

6.7 ENVIRONMENT

The EPSIR design will include provisions for performance in the

anticipated space environrnent. Since it is intended for the space shuttle,

the environments encountered will differ in some respects from those
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experienced by equipment designed for other satellite operations. Details

will be worked out in the final design. The ERSIR will be required to meet

environmental requirements of the applicable NASA documents and some
consideration has been given to these requirements in this study. Environ-
mental factors that will influence the antenna design are listed in section 3. 3.
Those that influence design of the pallet bay electronics (transmitter/
receiver subsystems) are covered in section 3.4, The remaining equipment
is located in the pressurized module and for this reason should present no

unusual problems.
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