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Elliptical Orbit 

Operational considerations for Magellan mission constrain the orbit to a highly 
eccentric shape, varying greatly altitude, and hence radar range. Assuming a 
nominal 3.15-hr. orbit period, as shown in Fig 1, with a 250-km periapsis altitude 
at 10 deg north latitude, the altitude will be approximately 2100 km at the north 
pole. The radar must operate over this range of altitudes on each orbit in order for 
most of the planet surface to be mapped in 243 days, one Venusian rotation. The 
swath width requirement is at least 20.5 km at the equator reducing to zero at the 
pole. The actual data swath width must be greater to allow for: i) pointing and 
altitude errors during data acquisition and, ii) overlap of swaths to facilitate putting 
the long, narrow strips together to form mosaicked images of large areas. From a 
system design point of view, it would be easier to design and operate a system that 
used a constant look angle since the spacecraft would merely have to pitch down 

a However, for several reasons the constant look angle 
cannot be used for Magellan. Fortunately the spacecraft selected for the mission is 
gyro-stabilized and can be steered to any orientation with great accuracy. This 
pointing ability was a very important consideration in the system design. 
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The mission cost constraints required that the system be designed around an ex
isting antenna. The largest and hence highest gain antenna available was the spare 
3.7 m-diameter parabolic reflector developed for the Voyager mission to the outer 
planets. This antenna, used for communication with the spacecraft, was originally 
built with two feeds, one for 3 em wavelength the other for 13 em wavelength 
transmissions. For Magellan, the 13 em feed was modified for use by the SAR 
while the 3 em system will be used the high-rate data link. 
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spacecraft CDS. The CDS will generate the commands using a sequence list its 
memory. The pointing of the HGA is also controlled by the spacecraft in the atti-
tude control system. and attitude control system work totally from data 
memory that updated ground (Earth) via the deep space net (DSN) from 
JPL. the radar operation a set of commands are loaded into mem-
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quality can be five parameters: looks, spatial res-
............... ...., .. u .. , amplitude resolution, signal noise ratio (SNR), and incidence angle. 

parameters are not independent and a balance be to satisfy 
requirements. such as 



Looks 

The "looks" in a SAR system are needed to the coherent, or speckle, noise 
associated with images of coherently illuminated scenes. The looks are independent 
observations and are generally produced 
reduces the azimuth resolution by a factor equal the number looks. A mini
mum of four-looks was selected for all data and with a further requirement that if 
the data were processed to 300-m resolution in both range and the number 
of "equivalent" looks would be at least 16. 

Spatial Resolution 

The range (across-track) 
vidually selectable, are 
tinuous mode SAR. The range resolution is determined by transmitted band
width, which corresponds to the so-called slant range resolution. When projected 
onto the planet surface this gives the surface range resolution. The azimuth reso
lution is independent of radar bandwidth and is determined by the length of the 
"synthetic aperture" created while moving past a target. The resolution 
can, in principle, be as small as about half the antenna length. 

In order to create a balance between looks and resolution and also 
rate, a special of SAR operation has been 
This technique creates a synthetic aperture of u .................................... ._ 

quired azimuth resolution while number re-
quired to be transmitted in a continuous-mode SAR. The burst cycle varies 
from about 10% at low altitudes to about 30% at high altitudes. burst mode the 
azimuth resolution is a function of slant range to the target and, the burst on-
time must be increased as the altitude increases to maintain the same resolution. 

The radar bandwidth selected is 2.26 MHz, which gives a range resolution of about 
120m at the low altitudes. The azimuth resolution was held at 120m for all alti
tudes by varying the burst on-time. 

Amplitude Resolution 

The amplitude resolution of a SAR system is its ability to produce an image with 
output proportional to the backscatter strength of the surface. system must 
have sufficient accuracy and dynamic range to satisfy rather stringent science re
quirements. As a large dynamic range is associated with a large of bits per 
sample, and since the data rate is of critical importance here, a new method was 
employed to achieve large dynamic range while using fewer bits. The device is 
called the "Block Adaptive Quantizer" (BAQ) and is incorporated in the radar 
flight hardware. This approach yields a larger dynamic range by first quantizing to 
a large number of bits, and then adaptively selecting fewer bits for recording. The 
bits selected are determined by an averaging method that can change the encoding 
table as frequently as 24 times within each sampling window. The same set of 24 
encoding tables is used the corresponding segments of each echo in a 

II 



put image. 

radar of 

(SNR) for system was chosen to be 8 
U.ll .......... ll.a ... ~"'l- .... ..., ....... studies of images at various and quantiza-

quantization and more than four 
were difficult to discern and lower 
includes the sum of all noise con-

.................... L_.~._J, ............ noise, noise associated 
is about 5 the out-

Incidence Angle 

the angle the normal to the sur-
no slope "look" angle plus 

an planet's of incidence 
depends upon the of surface terrains 
oceans an angle 20° 30° is optimum. geologically 
interesting surfaces angles from 30° to 60° are best. As the incidence angle ap
proaches 90°, the resulting image appears more like an overhead photograph. 

achieve with SAR due to low 

as 
areas for which the angle of incidence is greater than 30°. 

RADAR HARDWARE 

addition to the antennas, the radar comprises a single box of flight hardware 
containing the following units: a stable local oscillator (STALO), PRF/timing, 
range dispersion, transmitter, output network, receiver, baseband processor, data 
formatter, telemetry and command (Ref 2). Each unit is duplicated for re
dundancy with switching between units by ground command. The single box 
weighs about 150 kg and consumes about 200 W. power is obtained from the 
spacecraft power system which uses batteries recharged from solar arrays. 
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Add Altimeter and Headers: .75 Mbps + .06 Mbps = .81 Mbps 

Playback Data: .81 Mbps x 37 min record/112 min playback = .27 Mbps. 

As the altitude and look angle change the "Average per PRF" and burst on
time/burst period ratio each change, but the "Average Over Burst" rate re
mains 3.00 Mbps. 

Burst Period, 200 to 800 msec 

15kHz 50msec 

Radiometer SAR time 

75 to 150 J.lsec 

Transmit Receive 

Fig 2. Burst Mode Data Collection 

The use of a single antenna requires an elliptical orbit for a long playback time 
between mapping passes. A higher radar data rate would require a higher playback 
rate or longer period. In the Magellan mission design, the various elements that can 
be varied have been optimized to increase the quality and quantity of science data. 

Table 2 shows the performance of the SAR as a function of altitude. This is only an 
example of how the radar might operate as many of the parameters such as look 
angle and burst parameters can be altered even when in orbit around Venus. 

CONCLUSIONS 

The Magellan radar system employs several unique data collection methods to ob
tain global images, altimetry data, and radiometry of the surface of the planet 
Venus. The unusual mission requirements for an imaging radar mission require 
interesting radar system design considerations to meet the science objectives. The 
design meets these objectives and will add a large data base for the science com
munity to study Venus for many years after the mission's conclusion. 
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Altitude Incidence Range Res Azimuth Looks 
(km) Angle (deg) (m) (m) 

250 50 115 120 5 

275 48 120 120 6 

500 40 120 7 

1000 31 170 120 8 

1750 20 260 120 12 

2100 17 300 120 16 

Table SAR Performance 
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