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Abstract

The features of an orbiting L-band microwave radiometer experiment carried onboard the NASA Skylab

satellite are described. Some typical data and their usefulness are also presented so that both the instrument

and its utility may be appreciated.

Introduction

The remote measurement of the earth’s upwell-

ing thermal emission with a passive microwave radiom-

eter permits the monitoring of selected earth re -

sources. 1’2 This paper describes an L-band radiom-

eter (Experiment S-194) which was mounted on the

NASA Skylab spacecraft and used to remotely deter-

mine the soil moisture content over various types of

terrain. In addition, the salinity content of water was

used to correlate measured S-194 radiometer data

over selected maritime locations.

Unique features of the TR F type radiometer

front -end include a 15-pole band-pass filter, a 5-pole

PIN diode microwave switch, and precision tem-
perature-controlled hot and cold reference noise gen-

erators for use in an unattended calibration sequence.

In addition, a new type of radiometer processing

technique and a 64-element linear array antenna were

developed. Measured and calculated L-band earth

brightness temperatures for a typical satellite ground
track pass will also be presented.

Mission Profile

The spacecraft was launched in May 1973; the
NASA manned mission extended through February

1974. The Skylab orbit included a mean altitude and

inclination of 439 km (237 nmi) and 50 degrees,

respectively. In addition, a 5-day repeating orbital

period of 93 minutes each was achieved at an altitude
velocity of 7.65 km/second.

The 21. 4-cm wavelength (1. 41 GHz) L-band

radiometer was mounted on the spacecraft’s exterior
surface to provide a nadir ground footprint of 115 km

(62 nmi). Scientific data was digitally recorded on

magnetic tape and subsequently returned to earth by
the onboa.rd manned crew. Data processing was per -

formed at NASA/JSC, and the analysis and inter-

pretat.ion data by the scientific community are still
3,4, 5

continuing.

Radiometric Design Concepts

The L-band radiometer frequency range was

selected to coincide with the 1.400 to 1.427 GHz radio

astronomy band in order to effectively eliminate inter-

ference effects due to RF emitters. In addition, this
frequency range exhibits minimal atmospheric absorp-

t ion effects, and thereby offers all-weather radio metric
operation. Furthermore, radiometric measurements

in this frequency region include subsurface emission

effects, which can be related to either the soil mois-

ture of selected land areas, or the salinity concen-

tration of maritime regions.
6

A TR F radiometer front-end was chosen as the

simplest configuration to effectively eliminate possible

noise and spurious response problems nor really assoc -

iated with the mixer and local oscillator combination

used with superheterodyne receiver front-ends.

A self-calibrating, Dicke-switched radiometer

was developed for reliable unattended operation in

deep space. Possible radio metric measurement errors

were reduced by minimizing reflection interaction
~ffects between the antenna and the Dicke -switch, and

associated connecting loads. In addition, the absolute

temperatures of the reference and calibration termin-

ations were carefully controlled and continuously

monitor ed.

The possibility of measurement errors due to

radiometer variations in a spate environment was

considered; a new signal processing technique was
developed to minimize such risks. A self-balancing

technique was incorporated to vary the system video

gain in synchronism with the radiometric temperatures

associated with each position of the Dicke-switch. With

this technique, a measurement of temperature ratio is
obtained; errors due to gain variation are effectively

eliminated.

A planar array antenna was developed to provide

a low-loss and high efficiency transducer with con -
trolled beam width characteristics. These character -

istics are considered essential since they are the de-

termining factors with respect to antenna performance
in a radiometr ic applic at ion.

Radiometer Receiver and Antenna

A simplified block diagram of the Dicke-switched

L-band radiometer is shown in Fig. 1.

The low-loss SP5T L-band switch7 employed

15 PIN diodes in a series-shunt configuration, and

exhibited a VSWR of 1.02 and an isolation of 35 dB.
The RF switch operated at a 105-Hz switching rate;

four of the switch arms were connected to radiometric

hot (370 K) and cold (200 K) load noise generators. The
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cold load generators are shown in Fig. 2. The pre -

c is ion radiometric reference terminations 8 were

temperature controlled to within 0.1 K, and provided

VSWR’S less than 1.10.

The TRF receiver front-end included a 9-section,

4-GHZ, low-pass filter, and a 4-section (54-MHz band-

width) and a 15-section (27-MHz bandwidth) band-pass

filter to provide controlled frequency selectivity. In

addition, transistor RF pre - and post-amplifiers were

used to provide an overall gain of 77 dB in order to

ensure optimum square law detection over a radio-

metric temperature range of O to 400 K.

The radiometer back-end contained a unique seli -

balancing gain modulation processor9 to eliminate the

effects of gain variation and also to provide rapid
transient response.

A 64-element L-band planar array antenna with

93-percent efficiency, and a 3-dB beam width of 15 de-

grees and a first null beam width of less than 40 de-

grees is used to collect the upwelling thermal radi-

ation. The antenna was constructed using microstrip

techniques and provides a single coaxial output. The

antenna weight was 33 pounds, and corresponding

radiometer receiver weight was 20 pounds.

Performance

The L-band radiometer exhibited temperature

sensitivities of less than O. 5 K, and accuracies of

better than 0.7 K at a source temperature of 296 K for

an RF bandwidth of 27 MHz and an integration time of

1 second. In addition, long-term drift was measured

to be less than 0.2 K.

An example of a satellite ground track over Baja,

California and the resultant earth brightness tem-
4peratures are shown in Figs. 3 and 4. As can be

seen, the predicted and measured L-band earth bright-
ness temperatures were in excellent agreement.

Soil Moisture

Soil moisture determination is of great impor -

tance to certain specialized segments of the scientific

community. The meteorologist is interested in soil

moisture since it is a factor in the atmospheric heat

exchange balance over land areas. Similarly, the

hydrologist is interested in soil moisture since it

affects the surface water runoff and flooding conditions

over selected ground boundaries. The agriculturalist
is also keenly interested in soil moisture since it

greatly affects vegetation growth, plant disease, and
the forecast of crop yield.

Remote sensing of soil moisture with the Skylab

L-band radiometer data has been examined; excellent

correlation has been obtained with ground truth infor -

mation. 3>4 It has been determined that the surface
2. 5-cm soil moisture depth is the major contributing

emission layer, although radiometric data correlation
was obtained at surface depths down to 15 cm. In
addition, the data analysis has disc losed that L-band

radiometry is extremely sensitive to soil moisture

changes, with 1-percent soil moisture increase re-

sulting in 2.5 K decrease in corresponding radio-

metric data (over a measured soil moisture range of
O to 35 percent by weight).

R should be noted that other radio metric soil
10, 1.1, 12 it is

moisture investigations are continuing;

expected that additional soil moisture remc)te sensing

radiometers will be launched in future satellite pro-

grams...
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Fig. 1. Simplified Block Diagram of L-Band Radiometer

Fig. 2. Radiometer Electronics
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Fig. 3. S-194 Ground Track Over Baja California with

Assumed Surface Brightness Temperatures
Fig. 4.
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Predicted and Measured Brightness Over

Baja California


