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SMMR SIMULATOR RADIATIVE TRANSFER CALIBRATION MODEL
II: ALGORITHM DEVELOPMENT

S. Link, C. D. Calhoon, and B. Krupp

Microwave Sensors Branch

ABSTRACT

Passive micrewave measurements performed from earth orbit can be used to pro-
vide global data on a wide range of geophysical and meteorological phenomena. A
Scanning Multichannel Microwave Radiometer (SMMR) is being flown on the Nimbus-G
satellite. (A second SMMR was tlown on the now inoperative Seasat-A satellite.) The
SMMR Simulator duplicites the frequency bands utilized in the spacecraft instruments
through an amalgamate of radiometer systems. Data taken using the SMMR simulator
is being used by the scientific community for improving interpretation of the space-

craft data.

This document presents a calibration model developed for the SMMR Simulator
Radiometer systems.  The algorithm in this document utilizes data trom the fall 1978

NASA CV-990 Nimbus-G underflight test series and subsequent laboratory testing.

Portions of the material tor this document were compiled and revised trom the
reports given in the Reference list. NASA Technical Memorandum 80244 is included

in its entirety.
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SMMR SIMULATOR RADIATIVE TRANSFER CALIBRATION MODEL
Il: ALGORITHM DEVELOPMENT

1.0 INTRODUCTION

1.1 General Background

The SMMR Simulator is an aircraft instrument which has been built to simulate the physics
of the scanning multichannel microwave radiometer (SMMR) flown on the Nimbus-7 and Seasat
satellites. This is an earth oriented microwave radiometer system which measures important ocean-
ographic and metcorological characteristics needed to increase man’s understanding of the ocean/

atmosphere interface and its influence on world weather and climate.

The instrument provides data for thc measurement of the occan encrgy transfer parameters
such as sea surface temperature, sea surface roughness (including foam, from which sea surface
winds can be inferred), precipitation, and the sca/air heat exchange. Another objective is the map-

ping of polar ice coverages and the determination of the locai age of the ice canopy.

The SMMR can also provide large scale data on land surfaces. Typical land surface data would
include average soil moisture, extent of snowpack cover, and an indication of melting of snow on

land areas having sufficient homogeneity (e.g., Great Plains of the United States).

The water present in the atmosphere, whether it is in the form of vapor, non-raining cloud
water droplets, or rain. will affect the measured surface radiometric temperatures. These quantitics

must also be measured, therefore, in order that corrections to the surface data can be made.

The SMMR simulator duplicates the frequency bands utilized on the spacecraft instrument
through an amalgamate of radiometer systems. Thoese systems operate at center frequencics of
6.6. 10.7, 18.0. 21.0, and 37GHz. Each system operates in a receiver “time=-sharce’ mode such
that rcadings are taken of both the vertically and horizontally polarized componcents of the received
power. The antennas, mounted so as to provide a 45° view angle from nadir, all have 6° beam-

widths making the system incident ficld=of=view approximately 1,10 of the aircratt altitude.

I L . .w e




The SMMR simulator was flown on the NASA CV=990 during 1976, 1977 and 1978. Air-
craft observations made with the SMMR simulator are useful in algorithm development, cross-
calibration of the satcllite data via underflight observations, high-resolutica studies of the sea sur-

face, and determinations of atmospheric water vapor and liquid water profiles.

The raw data obtained in a SMMR simulator observation are in the form of radiometer out-
put voltages. These data must be calibrated before they can be analyzed in terms of the physical
process producing the emission: that is, the radiomater output voltage must be related quantita-

tively to the intensity of the microwave radiation incident on the SMMR collection system,

This study is concerned with the development of i algorithia for calibration of the SMMR

simulator.

This study derives the “exact™ calibration equation by applying microwave radiative transter
theory to the SMMR simulator collection svstem. The system calibration algorithm is developed
trom this calibration cquation using physically measurcable parameters, For purposes ot system
calibration, it is assunmed the power received by the radiometer svstem at the radome interface
represeats the absolute or true temperature of the scene being viewed.  Any atmosphenic piw-

nomena or cross coupling abberations are treated as part of the true temperature,

1.2 Istrument Heritage

Passive nucrowave measuremients pertormed trom carth orbit can be used to provide global data on
a4 wide range of geophysical and metcorological phenomena. The use ot such measurement techniques
. Y . . . h]
tor remotely sensing carth's atmosphere and surface has been reviewed by Staclhin and by Tmmyusu.’ ‘-

The use of passive microwave imagers for remote sensing o ¢arth surface parameters was
started in carnest in 1967 with the installation of the electrically scanned microwave radiometer
(ESMR) on-board the NASA (V=990 airborne luboratory,

The LSMR was used to study a variety of phenomena involving the surtace of the carth and

its utmosphcrc.:"w This imaging radiometer operates at a wavelength of 1.55em. 3 buvvune
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evident that the ESMR co:'ld be used to infer the extent, the concentration, and tie age of sca
«¢; the extent, concentration and thickness of lake ice; rainfall rates over oceans; surface wind
speeds over open water: particle size distribution in the deep snow cover of vontinental ice sheets;

and svil mmoisture content in unvegetated fields.

The first experiments to use microwave techniques from earth orbit for remote sensing of
geophysical phenomena were performed from the Soviet COSMOS-253 and COSMOS-384 satellite
in 1968 and 1970, rcsspcc:tivcly.“'l2 The COSMOS experiments performed measurements at
wavelengths of 8.5, 3.4, 1.35 and 0.8cm for observing surface features such as ice in polar regions,

and for observing atmospheric water vapor and liquid water over oceanic areas.

An ESMR ha ocen operational, also at a wavelength of 1.55cm, on the Nimbus-§ satellite
since its launch in December 1972 and has been obtainirg information on rainfall rates and sea

ice cover on a global basis since that time.13

The other microwave experiment on Nimbus=5, the Nimbus=E Microwave Spectrometer
(NEMS) performed nadir observations with five channcels operating at wavelengths between 1,35
and 0.5¢cm to obtain measurements, principally. of the atmospheric temperature profile, and of

atmospheric water vapor and liquid water over oceanic arcas.M

Several wdditional microwave experiments from carth orbit have been performed by the United
States since Nimbus=5, The Skylab missions in 1973 and 1974 carried a radiometer operating at
2lem w;m:lcm;lh.l5 Nimbus=6 launched in June 1978, carries an blectrically Scanned Microwave
Rudiometer (ESMR) operating at 0.8cm wavelength, which is more sensitive to atmospheric water
than the Nimbus=5 ESMR and scans the carth in a conical manner. Keeping the angle of incidence
of the observation constant to case inlcrprclution.l" Nimbus=6 also carried 4 Scanning Microwave
Spectrometer (SCAMS) which is sumilar to the Nimbus=5 NEMS, but kas a scanning antenna for

psoducing images. 17
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The radiation received by the ESMR imaging radiometers on-board a satellite is a combination
of the contributions from both the atmosphere and the surface of the earth. In general it is not
possible to separate these phenomena with the information in a single radiometer channel, thus re-
quiring multi-spectral imaging techniques to unscramble the combined contributions of the atmo-
sphere and the surface. An early effort in this direction has been accomplished on Nimbus 5 & 6

using NEMS and SCAMS.

1 A scanning multichannel microwave radiometer (SMMR) is being flown on the Nimbus-7 and
' Scasat satellites,.!8 This is a ten~channel instrument in which the wavelengths to be observed are

0.8, 1.4, 1.7, 2.8, and 4.5¢m, and with both polarizations to bc observed at each wavelength,

A summary of the properties of the surface of the earth and its atmosphere thought to be

extractable from SMMR data are listed in Table 1-1.

The advent of the Space Transportation System (Space Shuttle) in 1980 will make feasible a
new generation of microwave earth observations experiments. The increased volume and weight
payvload accommodations of the Shuttle will allow larger antenna structures to be used for carth
observations experiments than previously possible. These larger antenna structures will provide
substantially improved spatial resolution at wavelengths which have been used on prior experiments,
and will make feasible the use of longer wavelengths not previously used for earth observations.
Because of advancement in microwave radiometer technology at the shorter wavelengths, it will

also be feasible to use shorter wavelengths for observation than previously possible.

1.3 Scientific Background

1.3.1 Physics of Microwave Radiative Transter

At microwave frequencies (1-500GHz) and at temperatures typical of the earth and its atmo-
sphere (200-300°K). the Rayleigh Jeans approximation for the intensity of thermal radiation from
a blackbody is valid, thus the cquation of radiative transfer for an isotropic, nonscattering medium

can be written as

4Ty (0.9) = Y[T(X) = Ty(0.9)]
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Table 1-1

Parameters to be Determined by SMMR

ST R TR

It e et o b anta e st

Parameter

Discipline/User Area

Rem.arks

Surface Winds (Ocean)

Foam Cover
Capillary Waves
Large Scale Roughness

Precipitation
Rain Rate
Rain/Snow Line

Water Vapor

Sea Ice
Coverage
Age
Dynamics

Soil Moisture

Snow Cover (Over Land)
Extent
Ripeness

Oceanography, Meteorology

Shipping

Meteorology, Shipping

Meteorology

Polar Studies,
Meteorology,
Milijtary, Oceanography

Meteorology, Hydrology,
Military

Meteorology, Hydrology

First System to
Monitor Surface
Winds Remotely.

Hurricane Classi-
fication Looks
Promising

Air Mass Dis-
crimination
Initial State
Parameter for
Forecast Models

Currently Opera-
tional Need for
Continuity.

Sampling Depth
CA.1/150f a
Wavelength.

Strong Day/Night
Differences Due to
Varying Liquid
Water Content

Cloud Physics Meteorology Forecasting
Liquid Water Content
Drop Size Parameters
5
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where Ty (0, ¢) is the radiance in the direction (6,6) expressed as equivalent blackbody temperature,
T(X) is the thermodynamic temperature of the absorbing medium and is the absorption coefficient
in units of X-!. The derivative on the left side is along a ray path. The physical :neaning of this
equation can be understood by examining the effect on microwave radiation incident at an angle

6, on an absorbing slab of uniform temperature T, absorptivity 7, and of thickness § as shown

in Figure 1-1. The radiation from the other side consists of the incident radiation as attenuated

by the slab T,e-"0%¢? plus re-radiation component (1 - Ty ¢ Todsecd

) To. If the slab is opaque
(75 sec = =), the radiation emerging is characterized by the thermodynamic temperature of the

slab independent of the intensity of the incident radiation,

There are three major contributions to 7 in the atmosphere: water vapor, liquid water, and
molecular oxygen. Figures 1-2, 1-3, and 1-4 show the approximate magnitude of each of these
contributions. Detailed discussions of each of these can be found in Gunn and East (1954),21
Meeks and Lilley (1963),22 and Staelin (1‘)66).23 Figure 1-5 shows the typical microwave earth

viewing geometry. The obsecrved brightness temperature is

H
Ty = f T(h) g—;%‘—)dh + (H) [Ty + (1 - &)Ts],
o

where t(h) = ¢-JoT®secddx

T(h) is the atmospheric temperature profile, H is the altitude of the observation, € is the emissivity
of the surtace. T, is the thermodynamic temperature of the surface, and Tg is the reflected sky
brightness. At frequencies of about SOGHz the variations in € dominate the variations in Ty over
the earth’s surface. The major contribution to variations in e is liquid water with its extremely
large diclectric constant at microwave frequencics, Figure 1-6 shows the real part k' and the k"
of the dielectric constant of both fresh and seca water at 20°C as calculated from the data of Lane
and Saxton (1952).°4 Conductivity data from the International Critical Tables (1928)23 ar: in-

cluded as k in Figure 1-6.
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Figure 1-1. The Effect on Microwave Radiation at an Angle, 6. on an Absorbing Slab
ol Unitorm Temperature Absorptivity and Thickness
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Figure 1-2. Microwave Attenuation Due to
Atmospheric Water Vapor
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Figure 1-5. Typical Microwave Earth-Viewing Geometry

The emissivity can be caleulated for smooth water for any angle and polarization from electro-
magnetic theory (Jackson 19().’.).:b Figure 1-7 shows the emissivity as a function of frequency at
20°C for sea and tresh water for viewing at nadir, and at 45° for vertical and horizontal polariza-
tion. The dependence of the primary €T, term on the surface temperature is given in Figure 1-8
for nadir viewing (incidence angle = 0°) and for a 55° incidence angle for vertical polarization. The
sensitivity to surtace temperature is small, particularly near 1-1.5c¢m wavelength, The maximum

sensitivity to surface temperature occurs near a wavelength of Sem.

The emissivity of the surface also depends on surface wind because of the generation of rough-
ness and foam. The roughness ettect has been investigated by Hollinger (1971)33 and others.
There is little roughness eftect for viewing near nadir and near 55° with vertical polarization. The
etfect is maximized by viewing the surface obliquely with horizontal polarizations, At a 55° in-

cidence angle the ettect is about 1°K increase in brightness temperature for cach meter per second
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increase in wind speed. Foam, which has been investigated by Nordberg, et al., (l97l)28 and
Von Melle, et al., (1973) has an emissivity ncar 0.8. The foam coverage increases roughly 2% for
each meter per second increase in wind speed about 7m/s. Neither effect shows strong frequency
dependence through the microwave range. The effect of surface wind is summarized in Figure

1-9,

The emissivity of a land surface is typically greater than 0.9 so the brightness temperature
contrast between land and water is greater than 100°K; therefore, the outlines of the continents
will be quite visible in the SMMR data. This will provide a convenient geographic reference but
little scientific value. However, in areas with little vegetation, the moisture content of the soil
affects the microwave signature markedly. Figure 1-10 (from Reference 29) shows data taken with
the aircraft model of the ESMR on two flights over test feilds near Phoenix, Arizona. Note that
for this soil (a clay loam) the brightness temperature decreases rapidly for soil moisture values
greater than about 20% by weight. There is a large scatter in the data but soil moisture estimates
to the ncarest 5% are possible in the 20-40% range. Such measurements may provide useful in-

formation in the arid regions where large areas with little vegetation are found.

In contrast with soils, the liquid water conten: of snow seems to increase the radiometric
brightness (Reference 30). Very dry snow, less than 1% free water content by volume, showed
anomalously low emissivitics, less than 0.5 at 26GHz, whereas moist snow, greater than about 5%
free water content by volume, showed emissivitics greater than 0.9. This cffect has been quali-
tatively observed at 19.35GHz (Reterence 31). The effect is not understood theoretically nor
adequately characterized experimentally, as yet. Nonetheless, it offers an interesting possibility
of observing the onset of melting of the snow in the spring, and of mapping the snow cover in

winter,

Like land/water boundarics, ice shows a significant emissivity contrast with water but unlike

the case of land/water boundaries are quite variable and their locations are detfinitely of interest
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to the meteorological and maritime communities. These features are frequently covered with clouds
which makes visible or infrared remote sensing difficult; it is expected that these clouds will rarely,
if ever, be dense enough to alter significantly the microwave images. The ice/water boundary has
been observed through clouds (Reference 31). The sea itself has been observed to have emissivity
variations (Reference 31). These variations, at this point, are thought to be related to age, first
year ice being more emissive than multi-year ice. Figure 1-11 shows the spectral nature of these
two types of ice. Note that the contrast between the two types seems to increase linearly with
frequency. In the non-beam filling situation, this effect will contribute about 10% uncertainty %o

estimates of the percentage of ice within one resolution element.

1.3.2 SMMR Parameters to be Measured — Frequency Selection

The parameters of interest for the SMMR are given below.

Wave

g:: Length Vertical Channel Horizontal Channel
Cm
6.6 4.54 | Sea temperature Separation of surface
atmosphere effects;
surface winds

10.89 2.81 Rain water in heavy rain; Rain water in heavy rain;
separation of surface and | surface winds
atmospheric effects

18.0 1.67 Rain water in light rain; Rain water in light rain;
separation ~f surface and surface winds
atmospheric effects

21.0 1.43 Tropospheri. ater vapor; | Tropospheric water vapor;
separation of ~arface and surface wind
atmospheric effects

37.00 0.81 Surface winds (through Same as for vertical
foam); sea ice/polynyas; channel
old ice/new ice

The sccondary oojective is to measure soil moisture (6.6 to 21.0GHz).

10
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The primary source for the sea-surface temperature data will be the vertically polarized
6.6 GHz channel. The basic reason for choosing this frequency is its proximity to the peak
of the sensitivity curve and a spacecraft design limitation. Two of the major sources of inter-
ference, surface foam and heavy rain clouds, are polarization independent, so the horizontally
polarized 6.6 GHz channel will be used to provide corrections for these two particular effects.
Sea-surface roughness, however, appears to have some dependence on polarization. Since sea-
surface roughness is frequency dependent, higher frequency channels that are not affected by
the thermodynamic temperature of the water will be used to provide roughness data. The highest
frequency channels (37.00GHz) will not be used for this purpose since they are too far removed
from the 6.6GHz channels to permit extraction of roughness data by means of the frequency de-
pendence. Although the correction for varying water-vapor concentration at 6.6GHz is not ex-
pected to be large in comparison with the corrections previously mentioned, it is nevertheless
important. Data from the 21.0GHz channels will be utilized for making this correction. Heavy
rainfall will also interfere with the determination of the sea-surface temperature because it will con-
tribute to the sea-surface roughness. It may be possible to use data from the rainwater channels

to correct for this interference; the range over which this will be possible remains to be determined.

The 37GHz channels will obtain data on the percentage of foam cover, which will be the
prime source for determinations of sea-surface windspeeds (> 7m/s). This type of determination
can be performed best with data from the 37 GHz channels, rather than from channels at 19.35GHz
where observations have already been made with a mapping radiometer, since the higher frequency
is better suited for observing thin layers of foam. Heavy rainfall will render the 37GHz channels
useless for wind-speed measurements; under such conditions it may be possible to observe the foam
cover at longer wavelengths if the rain striking the sea surface does not obscure it. The 37GHz
channels also play an important role in the determination of open water in the polar ice canopies

and in the determination of the age of the polar ice.

18
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In addition to the interference caused by raindrops striking the sea surface, the effect of
water vapor in the intervening atmosphere must also be properly considered. This is handled best
by a real-time measurement approach, with the 21 .0GHz channels, which is adjacent to the water-

vapor line, used for accurate water-vapor corrections under a wide variety of humidity conditions.

A three~frequency approach has been chosen for the determination of the liquid water in the
atmosphere, since this will permit detection of water dronlets over a wide range of droplet sizes
in both raining and nonraining clouds. Another important advantage of this approach is that it
permits the wavelength dependence of the water-droplet signature to be utilized for the unfolding
of this particular fcature from the rest of the interwoven data. The frequencies chosen for this
purpose must be sufficiently removed from the water-vapor line so that the interference is reduced
to 3 manageable level. A frequency of 10.69GHz (a radio-astronomy frequency) has been chosen
because it possesses maximum sensitivity to the water droplets found in heavy rainfalls; 18 GHz has
been selected for lighter rain and also its small response to water-vapor variations; and 37GHz has
been selected for determining the amount of liquid water in non-raining clouds because the droplets
in this type of cloud are smaller than in raining clouds and because there is an atmospheric window

at this frequency.

Dual polarization at all frequencies has been utilized because it will facilitate the separation
of surface and atmospheric effects since, in general, the former exhibit polarization and the latter

do not.

It also should be e¢emphasized that the dual-polarization approach dictates that observations
must be made at angles away from the nadir; the optimum zenith angle for these observations,

aside from other considerations, appears to be approximately 50°,

2.0 SMMR SIMULATOR RADIOMETER SYSTEMS DESCRIPTION

2.1 Basic Radiometer Operation

The radiometer systeims comprising the SMMR simulator are all of the Dicke type. Each of

the radiometers operates in a “receive time share” mode so that data are taken from both the

19
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vertically and horizontally polarized components of the received signal power (T,). Each radi-
ometer system consists of the following subsystems (Figure 2-1): -

a. Antenna and Radome N
b. Electronics Package
1. Switching and Calibration Network

| 2. Receiver Electronics

’ 3. Post Detection Processor
¢. Power System

d. Timing and Control System

e. Data Bufter and Distribution System

19
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Subsystem Description

A detailed description of these subsystems is given in Reference 36.

2.2.1 Antenna and Radome

The antenna system gathers the incident power and channels this power into horizontally and
vertically polarized components. All antennas have a beamwidth of 6° £ 1° at the 3dB points. All i
planes ¢xhibit low sidelobe levels, nominally -30dB maximum. Beam efficiency (percentage of re-
ceived energy between first nulls)is at jcast 907, For those antennas which are installed in the micro-

wave antenna housing (“sled™) carried beneath the aircraft body a radome is used for acrodynamic closure.

2.2.2 Electronics Package ‘

The switching and calibration network (SCN) pertorms the following functions:

1. supplies radiometer RF modulation (**Dicke™ operation)
2. provides tor received electronics time=sharing by switching between antenna polarizations,
and

3. supplies reterence temperature signals near the extremes of the system dynamic range.
The SCN consists of the tollowing subsystems.

a. switching block

b. liquid nitrogen load

e TR A

Its contiguration is shown in Figure 2-2A,
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2.2.2.1.1 Switching Block=The switching block (Figure 2-2B) is composed of latching ferrite !

circulators, arranged so as to provide three serivs-connected single-pole double=throw switches, a

. block is maintained at approximately 35°C. The circulator states are controlled by the timing

waveguide termination, and necessary driver circuitry. The temperature of the entire switching j
3
:
and control system. 3

!

2.2.2.1.2 Liquid Nitron Load-The liquid nitrogen load consists of a closed cryogenic vessel and

2.2.2.2 Receiver Electronics

|
a waveguide termination immersed in a bath of LN,. i
I
1
The receiver clectronics converts the modulated FR signal from the SCN into a video signal ’

which is applicd to the Post Detection Progessor.

2.2.2.3 Post Detection Processor
The post=detection processor synchronously detects the Dicke-modulated video signal and !
produces an output voltage of 0 to 10 volts DC. The output signal is lincarity proportional to

the received power, Ty, and is recorded for subsequent data reduction and analysis. ? !

2.2.3 Power System

The power system supplies all required DC power for operation of the radiometer system.

2.2.4 Timing and Control System

The timing and control system provides the appropriate logic=control signals to the switching
and alibration network. These select which radiometric measurement (cold ref., hot ret., scene

vertical polarization, or scene horizontal polarization) will be processed at any one time.

2.2.5 Data Butter and Distribution System J

The data buffer and distribution system provides formating, buftering and distribution of all

Jdata and status signals from the radiometers and the timing and control system.
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2.3 CV-990 Aircraft Installation

2.3.1 Basic Capabilities of the CV-990 as an Experiment Platform

The CV=990 is a four-engine jet aircraft similar in size, appearance, and performance to
other narrow-body transport aircraft (e.g., Boeing 707). It has been extensively modified intern-
ally to provide for the mounting of experimental equipment. Special equipment has been added
to provide 120V 60Hz electrical power (U.S. standard voltage and frequency) in addition to the

standard aircratt power, which is 115/200V, 400Hz, three-phase.

Aircraft modifications include additional windows. Three zenith windows have been cut in
the ceiling of the cabin. There are eight windows along the left side of the cabin, looking up-
ward at an angle of 65° to the horizontal. One window at an angle of 40° is available, also on
the left side of the cabin. There are six nadir viewing windows, four in the forward cargo com-
partment and two in the aft cargo compartment. In addition, there are three small viewing ports
looking downward from the aft cargo compartment. Eleven passenger windows (14° elevation
angle) on the lett side and one on the right are modified to accept special inserts. All the special
windows, zenith, 65°, 40°, nadir and the moditicd passenger windows can accept special inserts
of optical glass or other materials such as IR transmitting plastics. Metal inserts may be installed
in these windows as supports tfor small outboard instrumentation in the airstream. Lightweight
cquipment such as cameras and photometers can be mounted directly to the frames of the zenith,

65°, 40°, and nadir windows. Wing surfaces are painted black to reduce reflections.

A limited amount of fairly large instrumentation may be mounted outside the aircraft in
specially designed fairings. NASA-AMES has a fairing that mounts in a nadir position to the
rear of the wing. It was designed primarily for mounting microwave antennas, but other uses of

it have been made.

Some additional equipment may be mounted in the cargo holds, wiach are pressurized, but

not heated, and are accessible in light for equipment servicing.
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Special equipment racks developed for this aircraft accept standard U.S. 19-in. (48cm)
electronic panel-mounted equipment. Racks can be shipped to the experimenter’s laboratory in
advance of a mission to aid in the design of the aircraft configuration of the experimental

cquipment.

The aircraft carries an inertial navigation system (INS), which permits precise flight patterns
to be flown accurately. Flight parameters from the INS and other instrumentation are normally
displayed on TV monitors installed on the electronics racks. Arrangem:nts can be made for

experimenters to obtain data for their use from the INS in flight.

The aircraft also carries a computer system - the Airborne Digital Data Acquisition System
(ADDAS). The ADDAS processes INS parameters and aircraft instrument data for the TV dis-
plays. 1t may slso be used by experimenters as a high quality computation and recording device.
Instrument calibration curves may be programmed to provide real-time readouts, for example.
The ADDAS also accepts typed=in comments for the record. Normally, the ADDAS produces a
continuous record of aircraft parameters and selected experimenter data.  The printouts available
atter a flight can include the additional typed-in comments from experimenters. These comments

will be in their proper chronological position in relation to the parameters normally printed out.

A timing system synchronized to WWV standard time broadcasts can provide a variety of

time codes for the experimenter’s data record.  Individual time readouts are also available,

An aircraft intercom system permits conversation among experimenters and between ex-

pecimenters and the Flight Director.  Intercom outlets are distributed throughout the cabin,

Cryvogenic cooling (liquid nitrogen or liquid helium) may be used in tlight. Special design
approval tor sat=ty will be required. The aircratt normally carries a 200-liter supply of liquid
nitrogen, primarily to provide dry nitrogen gas tor purging. The nitrogen supply is located in

the alt cargo compartinent.

- . .~ R WwADIYY




i

TR

R AN

S 2t e e e

L

bt ieai AN
AT vt v~

—-—r -

Bk e o it A S . i i 4t s e i R et =

The aircraft is normally pressurized to an altitude of 8000 ft. equivalent. Cabin temperature
is normally maintained in the range of 65-70°F in the cabin. The heat dissipated by the ADDAS
will make that portion of the cabin slightly warmer. Special cooling needs of an experiment

should be built into the equipment, if possible.
Cabin humidity is low in flight, no more than 10 percent.

For night flights, cabin lighting can be controlled or extinguished altogether. Fireproofed

black cloth can be provided to shroud lightsensitive equipment.

Windows, especially single=thickness optical windows, tend to {rost or fog in flight. Special

ducts to vent warn air over these windows can be provided and are usually necessary.
The cargo compartments are pressurized but are usually much cooler than the cabin.

2.3.2 SMMR Simutator CV=990 Installation
The radiometer systems/subsystems comprising the SMMR Simulator are installed at various
locations, thus in various environments, through-out the CV=990 as noted below:

(1. The Timing and Control System and the Data Bufter and Distributioa System are both
rack mounted and housed in the main cabin area.

(2) The lower trequeney units: 6.6, 10.7, 18GHe: are installed with their respective elec-
tronics packages in the af't cargo bay and their antennae housed in the Microwave
Antenna Housing (“sfed™). These units have a radome closure in front of the antenna,

(3} The higher frequencey units: 21 and 37GHz: are installed in the cabin arca with their
antennae mounted in 14° elevation angle windows.,

4 All antennaelectronics package wavesuide interconnections are heated and thermostati-
cally controlled at approximately 20°C.

(5) Only the 6.6GHz antenna is heated and thermostatically controlled.  All other antenna
systems take on their ambient eavironment temperature,

(6)  Antenna and waveguide temperatures are monitored using thermistors.  These monitor

points are routed to the DBDS for recording.
Tuble 2=l summarizes the subsystem installation locations.
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: Table 2-1
‘ Radiometer System Electronics Package Antenna System Cv;:vn?:g:: s
| * 6.6 Aft Cargo Sled Cargo, Sled
!f 10.7 Aft Cargo Sled Cargo, Sled
F . 18 Aft Cargo Sled Cargo, Sled
4 21 Cabin Window Cabin
21 Uplook -Cabin Window Cabin
37 Cabin Window Cabin

The installation for the engineering check flight series flown in the 3rd quarter of FY77 is
shown in the following photographs. Two installation changes were incorporated between the
engineering check flights and the Fall 1978 Nimbus-6 underflight series:

(1) 4.99GHz radiometer replaced with the 6.6GHz system-6.6 GHz installed at san:e loca-
tion as 4.99GHz system in photo.

(2) Uplooking 21 GHz and 37GHz antennas were combined as one antenna system in exist-
ing 21 GHz antenna. This allowed fabrication of shorter waveguides for the antenna/
electronics package interconnects for the 21 and 37GHz radiometer systems.

(These photographs were taken during installation operations and thus do not show the
finished installation wherein heaters and insulation are on all waveguides. Also, the window

mounted antennas were enclosed in an acrodynamic fairing.)

3.0 BASIC RADIOMETRIC EQUATION-DERIVATION
For the SMMR, the radiometer output voltage is linearly proportional to the power of the
input signal, which is produced cither by a warm or cold (liquid nitrogen) reference load or by

the microwave radiation incident upon the antenna.

V, represents the output voltage in response to an input signal from the antenna of bright-

ness temperature, T,. Lincarity of the radiometer implies
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Vo = u + vT, (3-1a)

where u is a constant offset voltage, and v is a proportionality constant. Similarly, when signals
arc observed from the warm and cold calibration sources at the effective radiometric temperatures,

T,, and T, respectively, the radiometer response is

V, = u+vT, (3-1b)

and

Ve = u + vT, (3-1¢)

Voltages V, , Vy,, and V_ are measurable quantities. To eliminate calibration constants u
and v, it is useful to define the parameter N, refrered to as the *“normalized voltage” or “nor-

malized counts™:

Vo, -V
N=_-2A__% 3-2)
V, -V,

Substitution of Equation (3-1) into Equation (3-2) yields

(U+vT,) - (u+vTy) T, - Ty

(3-3)
(UtvTy) - (u+vTy,) T, - T,
After rearrangement, this becomes the radiometric equation
Tp =Ty + (T, =-Ty)N 3-4)

Equation (3-4) relates the incident radiation intensity, T, , to the observed normalized voltage,

N, and two etfective radiometric calibration temperatures, T,, and T,.

This relationship is, however, incomplete in-as-much-as it docs not take into account any
system losses which will cause aberrations to the absolute temperatures T, , Ty, , T.. These effects
are considered in Section 4 and expressions formally equivalent to Equation (3-4) are de-

tived by applying basic microwave radiative transfer theory to the SMMR collection system.
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This procedure illustrates the relationships between the calibration constants, Ty, and T, and the

thermodynamic temperatures of the various components of the collection system.

4.0 SMMR SIMULATOR SYSTEM LOSSES — RADIATIVE TRANSFER ANALYSIS

4.1 Rudiative Transter Theory

This section examines the relationship between the radiation ficld reaching the SMMR col-
lection system and the signal that eventually reaches the radiometer. Incident radiation does not
pass unimpeded to the radiometer but is attenuated by losses in the waveguides and various
switchies, At the same time, thermal emissions by the lossy components contribute to the signal
observed at the radiometer. The equation of microwave radiative transfer (References 39 and 40)
may be used to relate the intensities of the two raceetion ficlds as 4 tunction ot the various system
losses. In the following discussion. the Rayleigh-Jeans approximation to the Planck radiation law

is assumed to be valid and is used throughout,

4.1.1 Radiative Transter Theory Applied to a Cascade ot Lossy Flements

Consider the transter of radiation across a single lossy plance-paratlel clement, as illustrated in
Figure 4=1, where the incident radiation is characterized by a brightness temperature, T,,, and the
output signal by T,. The lossy slab is at thermodynamic temperature (), and has an ettective

transmissivity . a, .
0." |
]u T1
l 4 ,
figure 4-1. Radiative Transter Across 4 Plane-tarallel Slab

The cquation of radiative transter becomes

The etfect of an additional loss is tllustrated in Fgeure 4.2,

fos
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The second lossy slab is at thermodynamic temperature ty, and has an etfective transiis-

SIVILY, @,
. & . > .
10 1 1 1 2
4y ty
Figure 4-2, Radiative Transter Across Two Plane=Parallel Slabs

The output signal, T,. is

T, = a, Ty + (1-ay)ty (4.1-2a)
T, = oyl Ty + =gt ]+ (1-ayt, (+.1-2b)
T, = opa, Ty + (-t oy, + (1 -ayt, (H1=20)

The original signal, T, is reduced by the product ot the two transmissivities, and the emission

trom the tirst lossy slab is, in tury, attenuated by the second.

It the signal Ty now passes through a third lossy clement the system becomes a cascaded
triple loss as lustrated in Figure 4-30 The third ossy slab is at thermodynamic temperature,

and has an eltective transnussivity ag. The output signal, Ty, is given by
Ty = oy, + (L-ay) g, (H1-30)

Ty = a0, + I -aptlaay + I -ay) Glag; + (1-a)t; (13D

N !c\ll - Cos _ bay .
1“——-"? N N g ,-—’1_,—“1 -
4 IS AN

Fioure 4-3, Radiative Transter Across Three Plane-pParallel Slabs

It a cascaded triple loss svstem is characterized by
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thie equation for radiative transter becornes

T; = oy, Ty + (1 -apasapt, (4.1-4b)

The ettects of thermal losses in the SMMR simulator collection system can be caleulated by re-
peated application of thus method. The input signal at the switch block, Ty, can be computed
from T, by applying expressions analogous to Equations (4.1-1), (4.1-2) and (4.1-3) across the
entire network of losses traversed by the inadent radiation. Section 4.2 develops the loss equations

for the clements external to the switch block for the SMMR Simulator Radiometers.

4.1.2 Application to Cascade of Ferrite Circulator Junctions

As with the losses external to the ferrite switch block, incident radiation does not pass
unimpeded through the switch block but iy attenuated by losses in the various switches, The
thermal emissions of the switch components also contribute to the signal received at the radiom-
eter. The ferrite switch block used in the SMMR simulator is a cascade of two port ferrite cir-
culators. A typical circulator.shown in Figure 4= consists of two input ports, T;py; and T one

in in2-

output port, ]out'

and a ferrite eleiment, 10 m the center which is magnetically biased to provide

direction of circulation through the junction.

It the territe is biased for clockwise circulation, T, is proportional to Ty - A term, a, de-
fined as the direct path transmissivity relates the two signals, Ty and Ty, . as seen in Equation

+.1-3.




Tour = Tipy« + anemissivity component of junction 4.1-5)

A certain amount of Ty, , leaks to the output, T, duc to incomplete termination of the
counter=clockwise signal path. Theretore, a fraction of Tina is also tound in Ty, (. A leakage

term, g, defined as the indirect path transmissivity, relates Ty, to Tyut In Equation (2).
Tout = Tip28 + anemissivity component of junction (4.1-0)
The total output can be defined as:
Tou =Ty pat+T, 8 * junction emissivity “4.1-7)

The etfective junction emissivity,

] o
Emissivity = {1 - ———— ] fJunction 4.1-8)
junction losses

takes into account the total thermal emissivity of the junction. The losses in the junction include
the direct path loss and the leakage loss. The temperature of the junction will be reterred to as
Lune- The equation for the junction emissivity is
¢ = (]l - ~ F")tjunc- (4.1-9)
Theretore the complete equation tor total output becomes
Tour = Ty + Tipad + (1 = a0 = #) tung: (4.1-10)
Consider a double cascade of junctions where the temperatures for cach junction are equal., A

schematic representation of the system is shown in Figure 4-3,

Let o be defined as the direct path transmissivity and sip be detined as the leakage loss
where the subseript j reters to the junction number and k refers to the junction switch position.

The junction position, k = 1 15 indicative of clockwise rotation of the signal path while k = 2 in-

dicates counter=clochwise rotgtion, Case 1. as shown in Figure 4=3, shall be examined in addition




Ting
—
P / 1 N\
1
Ting T \ f Tour2
2

JUNCTION 1 JUNCTION 2

Figure 4-5, Schematic Representation
Two Junction Ferrite Switch
Contiguration=-Case 1

to all other cases of possible switch contigurations.  The equation tor the output from Junction 1,
Tout; is given as follows:
Toutr = Timayy + Tiaby + (1 = oy = gyt (+.1-11)

(in which all subscripts 11 refer to the first junction being in the first switch position), The out-

put from junction 2, T, 5. 18 seen in Eguation (4.1-12)
Toutz = Tipsay + Toudy + UL - ay - Pyt (+1-12)

(The suvscripts 21 indicate that the second junction is in the first switch position.) Substituting

Lguation (+.1-11) into Equation (4.1-12) vields the following:
Tourz = Tipsay *+ [Tigpag + Ty + -ay =5uUsy + (-ay =Gyt (hi-13)
which reduces to;

Tourr = Tigsay + (ypay + T80 Wy + 1 =ay = (o) + 5081t (h1-14)

Now, examune the switeh configuration in Figure 4-0, in which junction 2 is now in the

second switeh position.,

The equation tor the output ot the tinst junction is identical to the output equation ot the
niest junction in the previous case (Recall Fquation (4,101,
Towa = Timey ¥ Tady + =-ap -t thi-15)

39 ]
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Tin2 -sz 7 Tours =~

JUNCTION 1 JUNCTION 2

Figure 4-0. Schematic Representation
Two Junction Ferrite Switeh
Configuration-Case 2

However, the equation for the output trom Junction 2 for this case differs from the pre-

vious case, as seen below,
Toutz = Tounn@an + Tipgda + (1 =ap =Hy)t (+.1-10)
When bquation (4.1--13) s substituted into Equation (4.1-16) one obtains the equation for

Tourr for switch contiguration 2,

Toutr = Mypan + Tiadpday + Tidn + 11 = 8y = () +8;)ayn ]t (L1-17)
The third possible switch configuration is shown in Figure 4-7,
The equation tor Ty, is found below:
Toun = Trap + Tyidn + U -apy =90 (+.1-18)

Ting

—~—~

/.

{ /
2 7
Tia —i-o/'.).r_*.

N
\\2- // oumn
JUNCTION 1 JUNCTION 2
Ficure 4=7. Schematic Ropresentation

Two Junction Ferrite Switeh
Contiguration = Case 3
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Note that the direct path loss a;, now is coupled with T;,,. The output from junction 2, Ti ¢,
is defined in Equation (4.1-19)
Toutz = Tins@y *+ Touuby + (1 =ay =8yt (4.1-19)
Substitution and reduction yield the final form of the Equation for case 3.
Toutz = (Tinyhia + Tina@2)8y + Tigyag + L1 = oy =ty #8208, 1t (4.1-20)

The final case where both junctions are in the second switch position is schematically repre-

sented in Figure 4-8.
The equation tor the output of junction 1 is identical for that found in the prececding case,
and is repeated below.,
Toutt = Tiaepp * Tigdia + U =apy =8t (4.i-21)

The output trom junction 2, Ty, . tor this casc is defined in Equation (4.1-22

Tourz = Tounay + Tipbn + tI-ap-gnht (4122

With the previously used methods, Equation (4.1-22) undergoes substitution and reduction

to obtain a final expression tor T, =case 4.

Tour = (Tigz oy + Tygpdidan + Tygdn + L1 -8y =@ Hhplanlt (hi-2d)

Tins
17 ™
P S /
T =01 \ Tourz
: ( : : /
T -
IN2 F2_v out™
JUNCTION 1 JUNCTION 2

Froure 4=-50 Schematic Representation
Two Junction Ferrite Switeh
Contiguration=Case 4
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Similar expansion methods may be utilized to obtain the system output equations for tri-
cascaded and quadruple cascaded ferrite switch junctions as are found in the SMMR simulator
radiometers. Section 4.3 will develop the loss equations for the ferrite block for the SMMR

simulator radiometcrs.

4.2  Losses External to the Switch Block

The losses expericnced by the incident radiation external to the switch block vary according
to the physical installation of the different radiometer systems in the CV=990 aircraft, Table 4-i

reviews the physical location ot the radiometer system components in the CV=990 (See Section 2.3).

As was noted in Section 2.2.1, the antenna system channelizes the incident radiation ficld
so that the vertically and horizontally polarized components travel through different waveguides

from the antenna system to the switch block.

For purposes ot this analysis, we shall define the tollowing terms:

1. Tyn = effective radiometric temperature
2. ayyn = transmissivity of the lossy clement
3. Eyy = cmissivity of the lossy clement 2 1 - ayy

+

tun physical temperature of the lossy element

where the subscript M identities a particular lossy component (Table 4=2) and N delincates the

various signal paths within the system (Table 42, Figure 4-9 through 4-13).

Table 4-1
Radiometer System blectronies Package ] Antenna System Waveguide Connections
0.0 At Cargo Sled Cargo, Sled |
10.7 Aft Cargo ! Sled Cargo, Sled
18 Aft Cargo Sled Cargo, Sled 3
M Cabin Window Cabin
21 uplook 1 Cabin ; Window ‘ Cabin
3" | Cabm 'L Window | Cuabin :
42
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to

antenna

3 sled waveguide
) 4 ciargo waveguide
5 cabin waveguide
0 cold load waveguide
F switch block input

1

Table 4-2
Value M N
0 incident radiation common to vertical and horizontal
1 radome warm calibration load

vertical polarization
horizontal pclarization 1
cold calibration load
uplooking channel
N/A

A 1

4.2.1 0.0GHz and 10.7GHz Radiometers

ness temperatures (seene, cold load, warm load).

tined similarly tor the vertically polarized channel.

T22 T
Toz T2 — " T2

toe

43

Figure =4

It the antenna patterns have cross-polarized sidelobes, there will be a mixture of the vertically
and horizontally polatized components of the incident radiation, p; is defined as the percentage

ot the vertically polarized radiation mixed into the horizontally polarized channel, and p, is de-

The sections immiediately following provide a detailed description of the external loss net-
works for cach radiometric system. {n cach case, cquations are obtained which relate the ettective

brichtness temperatures at the input terminal of the switch block to the various incident bright-

SWITCH > T,
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Ty = Toaoaqz *+Eaty (4.2=1a)

le L T(’3a13 4+ hl}‘lu (4o2°lb)

Ta = W =p)Ty3 + o Tialag +Euty (4.2-2a)
T:l = ((l "pz)le + pzrnlazz + Ezz‘m (4.2‘:.‘.‘) .

Tll = (Ul (4.2‘3}

Ty = (Tpay + Egtylay + Lty (4.2-4

Tiz = (T30 +Egls)a + Lty (4.2-5)

(4.2-0)

Tig = t0e * Eely

4.2.2 18GHz Radiometer

T
22
To2 T2 Te2
SWITCH T
Tos Tia Tes
T.
23 Tes  Tra Tee

-

Figure 4=10

Note: 1. 1, = physal temperature ot a termination

bl _—
- t(l5 - ‘(n Q

Loss term equations for the 18GHz radiometer are identical to the equations tor the 0.0GHe !

and 10,7 GHez radiometerns (bgs, (4.2-1) through (4.2-01).
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One additional equation is required

TI‘S = g = Uy, (4.2-7)
4.2.3 21GHz Radiometer
2 — 1
Toa - F2
z 2 \ SWITCH !
1, BLOCK {
03
—
e Tes i
? Tea Tey |

toa —@:}— tor '

Figure 4-11

—
[
H

3 = =ppTy + o Tslay; + Eyty (+.2-8a)

~d
[P}
>
]}

[h=pTyy + pyTglag +Lpty (4.2-8b)
T,y see Lquation (4.2-3)
Tpo = Taag + Egtg (4.2-9)
Tyz = Tyug + gty (4.2-10)
T, 4 see kquation (4.2-0)

4.2.4 21 GHz Uplook Rudiometer

' \ 725 SWITCH
| - o T
Z (! J Te2 BLOCK L1

Tea Tey
T

| Figure $=12
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Note: 1. ty;= physical temperature of a termination, ty; = ty,

2. Uplook channel for 21 GHz uses the vertical channel switch block input port

TZ.S = Tosau + E25t25 (4.2-11)

Ty, see Equation (4.2-3)

g
o
'

T[:~ = (01 (42"13)

T4 sce Equation (4.2-6)

4.2.5 37GHz Radiometer

T SWITCH

- - ) F3 BLOCK

23
Tos
— S~ — .
I
/-—J Tas Teq Te
tos J to1
[ Figure 4-13

T,y = see Equation (4.2-8a)
T,y = sce Equation (4.2-8b)

T,s = see Equation (4.2-11)

| Ty, = sce Equation (4.2-3)

Ty, = sec bquation (4.2-9)
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Tia = see Equation (4.2-10)
Ty = see Equation (4.2-0)

Tys = Tasags + Ligstss S (241

4.3 Losses Internal to the Switeh Block

Two difterent switch block configurations occur in the various SMMR simulator radiometers,
The switch blocks consist of a cascade of territe circulator junctions, The 6.0, 10.7, 21, and 21GHz
uplook radiometers use a cascade of three junctions, while the 18 and 37 GHz radiometers have

a four junction cascade, A set of equations is derived tor cach switch block configuration.

For purposes ot this analysis the tollowing terms are defined:

1.

h]
-

N

where i1 = 1

‘ws

fil

it

cttective radiometric temperature at the input to the switch block
cliective radiometric temperature at the output ot the switch block
transmissivity of the junction

cluissivity ot the junction

isolation of the junction

warm calibration load

vertical polanization of inadent radiation
horizontal polarization of incident radiation
cold calibration load

uplooking channel

switeh number

= schematic switeh position representation ot CW cireulation

schematic switch position representation ot CCW circulation

The analysiy of the switeh block takes two approaches, The tirst approach considers every

circulator jutction individually using the terms previously defined., The second approach con-

siders only those parameters physically wmeasurable, This is required since some circulator junction ‘i




ports arc internal of the switch block and thus inaccessable. The final results of the two approaches

are equivalent.

1
To facilitate the second approach additional terms are defined:
\ : 1. Ayn = measurable path loss ’
2. Byn = measurable path isolation o
;
3. ey = switch block cmissivity ;
where M = input (i) contributing the signal ' i
N = switch setting for primary input signal path

4.3.1 Switch Block 6.6, 10.7, 21, 21 Uplook

T - /1?\\
F2 ,‘\ ’/ \\ l ) TRi
Tez=—ve1 \ 1 ) 2/
{ y) -
Tea ) S=“junc.z  JUNC.3
-~ JUNC. 1

Figure 4-14. Schematic Representation Switch
Block 0.0, 10.7, 21, 21 Gz Uplook
Analysis of the switch block tor the 0.0, 10,7, 21, and 21 GHz uplook radiometers (Figure
4-14) in cach of the four measurement contigurations (Tyy . Tyras T Try) Yiclds the set of

cquations given below in matrix notation where t, = physical temperature ot the switch block.

Ty 7 \ . s ) ! N g N S :
Tkt Fay Bady Spandy apansy] [Ty {*-uazzﬁn +Eyidy + By
I'g» Jiv Qs })‘ ﬁ')‘w Qi Q »p‘s Qg Iy v 3[31 Q3 + EFy0yy +Ey
k) [ Gndn Sodndn Gndnla val o, i 2P0y tEyay 24D
| TRal [P Snan apanasn dponds| T panan + Enasn +
N S
Ll'nuj! 11_*"3 Pra3 Plreanay apoag) | bui Fanesy + Enagy + i |

The matrix Equation (4=M1) is generated in terms ot the individual switch characteristics.,
Simee these are not separately measurable as noted above, the matrix equation is rewritten in

terms ol measurable quantities.

g SO QUADEST




Ty, Ay By By By rrl | £y
Tg B Ay B Bs» T:a €y
Rl 712 on A !“~ #1700y (4-M2)

The matrices and vectors in Equations (4-M1) and {4-M2) are cquivalent term tor term. Ex-
amination of the switch contigurations and the term equivalency equations tor (4-M1) und (4-M2),
viclds the following simplification:

1. B;, =B); = B}, define as B,

and 2. B,y = B,y detine as B,

Equivalence of the two emissivity vectors yields the tollowing where cach effective emissivity

is expressed in terms of the measurable characteristics Ay y and By y

€, =1 = Ay =By - By - By (+3-1)
€ =1 -Ay -B -B. - By (4.3-2)
€3 =1-Ay -B, -By -By 4.3-3)
¢o =1 - Ay -B, -B, - By 34

The tinal torm ot the switch block loss equation for the 6.6, 10.7 and 21 and 21 GHz uplook

radiometer systems can thus be written as tollows:

Pux_l F\u By By Buj ﬁn'] P - Ay - By - By - By,

1‘\\," B \\\ B‘\w 1 A I-B -.‘\3"8 ‘B\
k2l _ By An By | { v, ! 1 2 3 42 f, (=M
TR.‘! iB\ B: .’\33 B{; | \ “ 3 1 - Bl - B: - \“ - 845
) B |
Tea | (B By By Ay (fiy] - By =By - By - Ay
4.3.2 Switch Block 18 and 37GHz
:Fl
F2 1 - T\
Tea - ,*‘ N ( . Ta,
Z TN l/l A / 2z
Ty =@ | N2, JUNC. 4
T Mﬁf JUNC. 3
(3 2 JUNC. 2
<= “JUNCA

Figure 4=15. Schematic Representation Switch Blodk tor 18 and 37GH2
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Analysis of the switch block tor the 18 and 37 GHz radiometer systems, Figure 4-15, gives

the equation set (4-M4) shown below, in terms of the individual switch characteristics.

A | . R sy 1My iy N . : .3
‘I‘I'“ L oy by ) Ay b egana iy b By ana iy | Pl 1-], Epaneniy *Epaady tEpdy tEy
! : . SN : . : . ‘ A ‘ U
! 'R:i e Ay ey ey apesdgon Bpansgan | Ty B 0By an thpdyantbye, v Ey
[ . , b ; . _ N i | - . L
Pl ) = iy dpog !l agagnag oy dyanag, by dyanta Ty .‘! I yoneg tEyu e vEy tE L (4-M4)
[ [ ' [ IR i . . X
! ey ] %'34.‘ LR Brrtatyyy 0@ 200 50y: ; Buonanesn i Ty IEjaneyaptipaneg, thy0. 4B,
b ) i ! Vi : : : P
ples, (P P Bnanag ) Blaane e aptanenes | Ty B ey tEapan tEpap tE,

When rewritten in terms of physically measurable switch block characteristics, the equation

set becomes

Tri]  [An By By By Byl [Tw] [e]
Tr> B, Ay Bp By Byl (T €,
Tri| = |Biz By Ap By Bg| |Tes| * & (#-M5)
Try By By By Ay Byl Ty €,

| Tgs Bis By By By Ass) {Tvs] 6]

Examination ot the term cquivalency equations shows that

B, = By3 = By = By define as B,
By = By = By detine as B,

and 834

1l
w
&

detine as By

The final form of the switch-loss equation for the 18 and 37GHz radiometers in terms of

measurable quantities is Eguation (4-Mo):

ey ] Ay By By By Bo| [Ty [T-Ay =By -By -By - By ]
Tx> By Ay By By Bal Ty 1-A,-B -By -By-Bo

CTra | = By By Ay By Bgl (Tea| + 11-Bp =By Ay =By -Bgi by (4-Mo)
Try By B, By Ay By Ty 1-B; -B, -B; -Ayu-By

Utes | [P By By By Asg| [Tes|  [1-By =By -By -Bys-As

TTTTRY WY et vy




4.4 SMMR Simulator Radiometer Equations

In Scctions 4.2 and 4.3, sets of equations were developed for each radiometer which describe
the eftects of thermal losses, switeh leakages, and polarization mixings on the difterent incident sig-
nals (scene, warm load, cold load). In this section cach set ot equations is combined to obtain an

expression for the absolute brightness temperature of the incdent seene radiation.

4.4.1 Derivation Method

Recall the basic radiometric equation derived in Section 3:

T, =T, ¢ (T, - TyIN (4.4-1)
where
V. -V,
N=- ¥ (4.4-2)
Vc = Vw

Three analogous equation sets may be written tor the SMMR simulator radiometers:

TRI = TR] + (VI‘R,‘ ~ TRI)NZ (44—3J)
where
\!: - \l
N, &= ———— (+4.4-3b)
Ve, -V,
‘I‘R.} . TRI + (TR4 - TRI)N3 (4“—4\1)
where
Vi, -V,
N; = —— (+4.4=4h)
\!4 - \,l
and
TR5 = 1‘Rl - ‘I‘R4 - TRl)Nj 14.4-5;13
where
\'5 - Vl
Ns = —_— (+4.4=-3h)
X \;4 - \,1
where 1 = wurm calibration load
2 = wvertical component of sipnal
hR!

B e I R TN

]

i
i
!
|
1




3 = horizontal component of signal

4 cold calibration load

uplooking signal

S
The incident scene brightness temperatures are obtained by substituting expressions for Ty, derived
in Sections 4.2 and 4.3 into Equations (4.4-3a), (4.4-4a) and (4.4=5a). For the 6.6. 10.7. and 21 GHz
radiometers, Tg, and Tgy contain mixtures of the horizontally and vertically polarized incident sig-
nals. Thus Equations (4.4-3a) and (4.4-3b) must be solved simultancously to yield separate express-
ions tor the ditferently polarized signals Ty, and Ty, For the 37GHz radiometer, mixtures of three
states (horizontal, vertical, uplook) are obtained and three equations must be solved simultancously
for Ty, . Ty3 and Tys. The details of these laborious derivations are presented in Reference 42:

the results are presented below,

4.4.2 Ruadiometric Equations
This section tabulates the various radiometeric equations tor SMMR simulator.

Note: QyN- EM Neand ty g as detined insection 4,2 AMNe BMN‘ and €y as detined in section 4.3.

4.4.2.1 0.6 and 10.7GHz Radiometer Systems

[B,C, - B,C, B.D, - B,D,| [ByF, -BF,]
Te=tw|l —7T—— |t ———— |+ | ————
‘\ Ba - \381 r\le - AlBl Ale —AlBl_‘
!’Alc2 - C\A, l'\ Dy - A, D,_} CAE, = EJA,]
Ty =ty | ———— t|——
‘AIBZ - A:Bl A 81 - A BI_J A‘Bz - !\2B1
where:
Ap S appapayasag + bl - pylaganag,og;

Ay = ayppapayagnagg + byl - ey daenagag,
By = 9yt =pylajzanapay + bypyajupagag,
By = ayl =pplaanagag + byoyapanasay

G =t

Cy = ¢y + ¢,

- - -

R




E) = 4Egtey = bylbjtypayy + Eptyy + Entiaynay + B3ty p)ananag
. +

+ Epstitl = o Jagzanyags + Ejytyp) apzagyagl

Eppti( =padamapag] = a) ik tyzag + Egty + apagkst,

= Egqleg = by [Egatyiayy + Epty + Exntiagogy + Ej3typrapnayay

+ Ep Ul =pyJapagagl - a3lEptyyag; + Egty + azaEsnt,

+ B3t (1 -p) Jagzagags + Ejptyp)ayyagagl

a, =
a, =
b, =
by = Ay -
¢ = Ay -
€y = Ay -
dy = By -
d, = By -
¢ =
¢y =

Aj; - By + Ny(By - By)
= By, - By + Ny(By - By)
B, ~ By + Nu(By - B;y)

B, + Ny(B, - Ayp)

B] + N\r(B] -

By + Ny(Ay - By)

B42 + NV(A-H - B,u)

4.4.2.2 18GHz Radiometers
—Bz(il - Bl(‘z
Ty: = ty ___1
L-.‘\| B: - A;’-Bl_]
. ACy - ALY
= 1 —————————
03 0l -’\IB.’. _ A.’,Bl_J
where:

Ay

= fl ‘63 + NH(G" 'fl)

= Gl -62 + Nv(f.‘ -El)

(8,D, - B,D,| [B,E, - B%,]

+
LAlBa AoBl A‘ Bz - AZBI
(AlD: "AaD]_' -—(\lllz - A:lr
L:Al B-_y - '\.’.Bl Al Bz - A.?Bl

Ay = apppaa3ag30,; + byl - py)ag a0 050

Ay = aypapagagany + bl -py)aapnagag,

N anadar

AT AR )



Al a. hi

. EE % _’B-"?p‘;%.;‘,",‘_’_\',

R
'

= a1 - p) 033043 + by oy o309 03304,
same as 6.6/10.7

By = a,(1 =p)dajyapan3a43 + by py o300 3104
C,=¢ +e¢ +1{
Cz = Cz + ez + fz

D, = same as 6.6/10.7
D, = same as 6.6/10.7
E, = same as 6.6/10.7

E, = same as 6.6/10.7

4 = Ay - By + Ny(By -By) ¢2 = By - Bs; + Ny(Bg -By))
43 = By - By + Ny(B; -By) f} =€ =€ + Nyl -¢)
by = B, - By + Ny(By -B;) fy =€ - € + Ny(eg-¢)

b, = Ay - By + Ny(By -B;)
¢, = Ay - By, + Ny(By, ~Ay))
B, + Ny(Bjy Ay

P
"~
I

>
—
'

d; = By - By + Ny(Ay -By)
d; = By - By + Nv(Ay-By)
Bs; + Ny(Bgy - Byg))

[+
-
1}
=
2
h4
]

4.4.2.3 21GHz Radiometer

B:(‘l - Bl(‘: BzD‘ - Bl D:ﬂ BIFI - Bl F-:
Ty = ty r'———_} t s l:"_"?'— A B

LA1B, - A,B A|B; - AB,

E\,(‘: ALC, [ADy - A,Dy] I:AlE: - Ak

Ty =t

“LABy - ALB | Y AB, -AB, | [AB; - AB, ]
where:
Ay = apanag + byl -pylagnag
Ay = ayppayag + byl -pylaysag
B, = a,ddl =py)ayag + byprana;,




4.4.2.4

where:

B, = a,(1 -p)ayas + bymanas

C, =¢ +¢

Cy=c¢cy ¢t

D, = sameas 6.6/10.7

D, = same as 6.6/10.7

E; = dEgle - by Entias; +Eqts) = 3j(Entaag +Eglsy)
E;, = diEgle = balEntiag +Ents) = &1Entas *Egls)
a; = Ay - By + Ny(By - By)

a, = By; - By + Ny(By - By)

b, =B, - By + Ny(By - By)

by = Ay - By + Ny(By - By)

¢, = Ay - By + Ny(By - Ay

¢, = Ay - B, + Ny(B - Ap)

dy =By - By + Ny(Ay - By)

d, =By - By * Ny(Ay - By)

¢ =€ -€ + Nyleg - €)

¢, =€ =€ + Nyleg - ¢)

21 GHz Uplook Radiometer

Ty = Aty + By N + Ctyy + Diy N + EN +F+G+H

A={l+831'€:'81832}+l
B={-1-By +e +B +By} *1
C = {aqlBy - agl} * 1

D = {aw l@en = Byl} 1
E o= {Ewloo By * Al + Egstss(By =Byl *Ezs‘uinussazs'Bzass%sl} =1

F={FalwlBy - B!} +1
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R = A

; G = {Egty [By = Apl} +1
H = (Ex ty laxag(Ay =By} + 1

I = [Q”Azz - (lea”)(l -N) - BzassN]

4.4.2.5 37GHz Rudiometer

STy A TERETe o Y, " N

Tos = {ta[R1(Y2Z5 = Y32Zy) = §,(Y,Z3 = Y3Z)) + U(Y, Z; = Y,2)) .
+ to [Ry(YyZy = Y3Zy) = S5(Y 23 = Y3Z)) + Uy, Zy - Y, 2)))
+ [R3(Y2Z5 = Y3Z5) = $3(YZy = Y3Z)) + Us(Y, 2, - Y,2, )]}
TAX Y22y - Y3Zy) - Xp(V1 Z3 = Y3Z) + X3V, Z, - Y,2)]

Ty = {toslXy(S1Z; = U,Zy) + XoU,Z, - R Z5) + Xo(R,Zy = § Z;)]
T (X832, - UgZy) + XyUyZ, - RyZy) + X3(RyZy = $,2,))
+ [Xy(83Z; - UsZy) + XoUsZy - RyZy) + Xa(RyZy = §32))1}
T UX(YaZy = Y3Z,) = XY, Z3 - Y3Z)) + XY, Z; - Y, Z))]

Toz = {tad Xyl Yy = §;Y35) + Xo(RyY; = U Y)) + X305, Y, = RiYy)) |
+ 1 (X0 Yy = $,Y;) + Xp(RyY; = UyY)) + X,65,Y, - RyYy)l k
XY, = 53Y3) + Xo(RyYy - UyYp) + X3(8;Y, = RyYy)l}

TAXY 2y = Y32,) - Xa(Yy 25 = Y3Z)) + X3(Y, Z; - Ya2))

where:

R| = cl - dl + Nv(al "l:l) X1 = db - cs + Nv(ﬁs "36)

RJ = -d5 + c" + NV(-C4+JS) XJ = b6 - cs + Ns(cs -ab)

Sl = cl - Cl + N"(al-c1) \'l = d3 - cz + N\:(cz -33)

‘ S, = =¢5 + Ny, Y, =¢3 - ¢y + Nyles=uy)
= 'Cs + L‘4 + N“(-c,‘+us) \3 = b.‘ - t': + Ns(c2 “313)

= cl - bl + NS(JI -cl) Zl = d" - L'3 + N\'(cs ‘34)

= =by + Nga, Zy, = ¢y =3+ Nyley=ay)
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By, + ¢,

(1 -p )ayzas3By + pyanag B,

pyanas3By + (1 =py)apagB;

EgoleoAas + By (Exgtasags + Eglgs) + By(Eptyagy + Egytgs)
By (ky tyag; + Eslsy)

aysags By

Qg0 Bas

B, + ¢

(I = dagyagBy + pyananB; = a;
prayag Byt (1 -py)apasB; = a,

EateoBas + Agslbyslasagg + Egslss) + By(Extyyagy + Egytg)

B,y (Eptyragy + Egytgy)

Q35055 Ags

Yy By

B, +¢;

(1 = pydayyag3A33 + pyay g, By

prapagAg + (1 =py)anag B,

FantenByy + Baalbastagtgs + Lgglss) + Ayl tyagy + Egytg)
Bykipatyag: + bgtsr)

@ 5055 By

Qg By,
Bl + fz

U =pplayag By, + pranagdy
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dy = pranagBy + (1 =py)anasn Ay
dg = EgteByy *+ Bga(Epglagags + Egglgg) + By(Eptnay + Egtg)
* An(En‘nasz + 552‘32)

dy = ayogBg;

€ = agBy ., € = By +¢

¢y = (1 =p))ayagBy + pyanag By

¢ = pyanag By + (1-p;)anag By

¢ = EgyleoBay *+ By (Exstasags + Egelsg) + By Exytpag + Eg's)
+ By Eyntyas; + Estsy)

¢ = apsassBg;

4.4.3 Radiomcter Equations -SMMR Simulator-General Form
This scction presents the general form of the radiometer equation realized when the questions

in Section 4.4.2 are fully expanded. This expansion is undertaken in Reference 42,

6.6/10.7/18/21 GHs Radiometers

T = Aty + Bty Ny + Cty Ny + Dty + EyNy + Fy Ny

21 GHz Uplook

37GHz Radiometer

T = Aty + By Ny + CiuNy + Dty Ng + Ey + Fy Ny,
+ GtNy + HNg + Ny SLE ¢+ N ZJE

. Ch E ¥ -
+ NgSKE 1 + SLE
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5.0 SMMR SIMULATOR ALGORITHM DEVELOPMENT
This section develops the algorithms for reduction of SMMR Simulator data for the 1978
Nimbus=G Undertlight Test Series. Two of the seven radiometer systems will not be considerad

in this cftort:
L]

(1) 18GHz radiometer system: The 18GHz radiometer system developed an oscillation in
the receiver electranios during the experinent flight series. At this writing it has proven
impossible to extract data information from the oscitlatory signal,

(2} 6.6GHz radiometer system:  The horizontal polarizati~n receive antenna tor the 6.6 GHz
radiometer system exhibits an anomolous grating fobe located at approximately 40°
right and =30° clevation relative to aircraft. The lobe magnitude approximates 307 of
the receive power in the horizontal channel. With the unknown target observed by
this lobe at the high reccive power in the lobe, data analysis has been deemed imposs-
ible. Analysis may be undectaken separate from the present work to reduce the 0.6
vertical channel data,

5.0 Derivation Technique

A typical SMMR Simulator signal path is schematically represented in Figure 5.5-1.

HOT LOAD Tow

Tro|  gwicch
t.-.[:aoomHmuume—Avmucoeﬂ.[ WAVEGUIDE 12 slock ™= ,L::;ﬁ:':,'.',:'c. eV,

T
l coLo LOAD—}!.-I WAVEGUIDE COLD tOADF_J Tec

Figure S-1

LA

Detine the tollowing ter:

Ty = recenved power, inadent radiation citective brightness temperature
T = effective brightness temperature at switeh block input

1 = B = antenna signal path

1 = ¢ = vold calibration load signal path

t = w = warm cabibration load signal path
a, = transnussivily ot external element
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!
j = 4 = radome
l 3 = antenna
; 2 = waveguide |
?
i I = waveguide 2
i _ .
' = physical temperature of external element

From radiative transfer theory (Section 4) it is seen that:
Tyg = aqgoga0; Ty + (1 = @) azon0; ty + (1 - a3) aya; ty

+(l-az)al t.’. +(l"'al)[l

Tie = Teoe + U1 - &) t¢
Tyw = Ty

Define:

@, = 003050

L =1 - o

L= - ay)e

G o= -a3)a, q

G = U -odoya, o
Then:

Ty = agTy + 44 + G + GG + 41
Detine two additional terms:
Ty; = effective brightness temperature at receiver electronics input

Vi = receiver clectronics output voltage

For the switch block. radiative transter analysis in Section 4 showed:
Tri = AjTyy + 1 - Apt, + 1

where Ay = switch block transmissivity tor measurement channel

L leakage from other chunnels into measurement channel

60

(3.1-1la)
(5.1-1b)

(5.1-1¢)

5.1-7)

(5.1-8)

s
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Define B, = leakage path transmissivity

n

feakage signal

n = measurement signal

Then:

Ly = Bcp Trec *+ Bwp Tyw = Bey * Bwa) to
Lo = Bpc Tew + Bwe Tew = Bpe + Bwod to

Lw = Byw Tep *+ Bow Tre = Baw + )ty

(5.1-9)
(5.1-10)

(5.1-11)

At this writing, a measurement technique has not been devised to determine values associated

with leakage from and/or into the warm load channel. For this algorithm development, it will

be assumed all such leakages are neglibible, thus Smw = gwn = 0.

Then:

Ly = Beg Tye =~ Bes to
Lo = Bpc Tyw - Boc o

Ly = 0

Recall the basic radiometer response equation

Vi=

where U = offset
G = gain
theretfore

from equation 5.1~13

U+GTRi=U+G(AiTRi+(1-Ai)t0+Li)

Vv,

<

Vw

U+G (A Tye +(1 = A) tg + L)

U+G (A, Tpw + (1 = Ay) to + Ly)
note ty = Tpw

Ve = Vi =G (A Tie = Ay Tew + Lo - Ly)

G = (VC - Vw')ll(AC Tl( - A“: Tl:\v + LC - L“r>

ol

(5.1-12)

(5.1-13)

(5.1-14)

(5.1-15)

(5.1-16)

S.A-17

(5.1-18)

(5.1-19)

(5.1-20)

T NUABLET - -
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Equating (5.1-8) and (5.1-20) and substituting (5.1-19) yiclds

L. - Ly L + L,
Tu = Tl"N - Tl:w - Tl’(‘ - b GRi Nl - e——— (5.['21)
Aj
7‘ where
:\ V - v
N = ——— (5.1-22)
Ve = Vw
and
agi = A/A; (5.1-23)
Note t, = Ty and substitute vquations (5.1-12, 13, 14) into equation (5.1-21)
_ Buc Ben N
Tyw = Tow + [T = Tpw + =— (Tyg = Tyw) | agp Ng = — (Tgc = Tpw) (5.1-24)
A Ay
Detine a termi:
_ Bmn i )
Ln = —— as the switch block leakage ratiots):
f'\n
Then
Tap = Tyw + 1T = Ty + Lye (T - Tpw) ogg Ny = Leg (T = Trw)(5.1-25)
Rearranging terms
. Tiw *+ [Te = Ty (1 + Lyl ogg Ny - Leg (Tye = Tw) ,
-ll"B = (5.1=2
I - Ly gy Ny
Equating equations (5.1-26) and (5.1-7) and rearranging terms we arrive at the algonithm equation
solution tor the incident radiation eftective brightness temperature:
_ P fTyw + 1T = Ty (0 = Lyl agy Ny = Loy (T = Tiy) (5.1-37)
b, b= Ly ary Ny ST
- Elti - {ltl - {5(3 - QJ(*}
3.2 SMMR Simulator System Algorithis
This section presents the SMMR Simulator system algorithms for the 10.7GHz, 21GHz Up-
" look. 37GHz, and 37GHz uptook radiometers. The equations are left as two independent sets,

-
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derived as in Section 5.1, for the external loss elements and the switch block leakage paths.

These equations are analogous to equations (5.1-7) and (5.1-26).

(Note: For the algorithm development undertaken, antenna polarization cross talk is as-

sumed to be negligible and is therefore not included at this writing.)

5.2.1

where

and

10.7 GHz Radiometer System

T
[ av v il
3 i Ten
SWITCH
T..| BLOCK
tc
Trw
tw

ELECTRONICS |

— A

Figure 5-2

Ty = Tay oo *+ Yutin + Cagton + Gty + Yty

Tyy = Ty oy + Guetiy + Gylpy + Gyt + Gty

Tee =t
Tew = tw
—_ ) R
I = ogy Lye Ny Lyy - agy Lve Ny

L.‘C“\" - aRV ‘C"L' N\’ 1 -~ Q'Rv LVC NV

, _ \,“ - \!\V
Ny = ———
V. - Vy
V. - V.
N\, = \ L)
V. - Vg

03

e U+ Loy +Lyg) = Lente = ogy Ny {twUl + Lye + Ly -t )

LU+ Loy + Ly ) = Loy te = oy Ny {1+ Ly + Ly =t }

P
wh
€t
[}
N
~—

(5.2-_())

2=7)

—
I
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Solution for incident brightness temperatures equates (5.2-1), (5.2=2) and (5.2-5).

5.2.2 21GHz Radiometer System
T .
T | v ad
BY o
Ten ;ZIF——T- '
SWITCH
tc
TFW
tw
Figure 5-3
Tl:" = TBH auH + Q3H t3 + QlHtlH (5.2-8)
Tev = Tyy agy + Gty + €01, (5.2-9)
Tl:c = tc (5.:’[0)
Tiw = ty (5.2-11)
- . . . -1
[Tm]_ I - oy Lye Ny Loy - agy Lve Nyl
Tl;v _£HV - aR\! £“(- N\' 1 - O‘R\' ch Nv

(5.2-12)

[Tl + Loy +Lyy) = Loy te = agy Ny {twt] + Lye + Lye) - 'c}:l

Ltwll + Loy + Lyvd = Levte = agy Ny {tyt] +Lye + Lye) -t}
Solution tor incident brightness temperatures equates (35.2-8), (5.2-9), and (5.2-12).
5.2.3 21 GHz Uplooking Radiometer System

Tey
‘rBU* 3} 1
SWITCH

tc G BLOCK ELECTRONICS v

TR S
-4
mn
(2]

Figure 5-4
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E.
Y \
? TI:U = TBU «, + QJ(J + Qltl (5~-—l3)
: Tl"C = tC (xc + (l - ac)tG (5.2']4)
}‘. . . T - -
| w =ty (5.2-19)
E__ . Ty = (1 = og Ly N) [ty + Ley) = Loy Tre = op N {tyll + L) = Tye}]  (5.2-16)
‘; Solution for incident brightness temperature equates (5.2-13) and (5.2-16).
5.2.4 37GHz and 37GHz Uplook Radiometer Systems
In-as=-much-as the 37GHz and 37GHz uplook radiometer systems share a common switch
block and electronics, these systems are treated as a single unit.
TFV
v
T“’-&. 3
Ton Ten
1H
~ Tey | swiTcH
Toy “teen U W BLOCK ™ ELECTRONICS p=e v
T
tc G FC
TFW
w
Figure 5-5
Tin = Ty ooy + Gty + Gty (5.2-17)
Tl"\’ = TB\" Ay + QSVtS + Ql\'tl\’ (5.:‘]8)
Tiw = Tye ape *+ Gutyy + Yutliy (5.2-19)
| Tee = teag + (1 = a5t (5.2-20)
|
l Tiw = ty (5.2-21)
o .

S - - T Ty, WUADIAT
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Ty B
Tev|{={A|x|B (5.2-22)
Ty
= agy Lye Ny) (Lyy = ojy Lve Ny) Ly = agy Lyc Ny) i
A=y = oy Lyc Ny) (1 = agy Ly Ny) (Lyv = ary Lyc Ny) | (5.2-23) . 4

(Lyy = agy Lyc Ny)  (Lyy = agy Lve Ny) (1 - agy Lye Np)

twll + Loy + Lyy + Lyy) - Loy Tic
Bl=|ty(l + Ly + Lyy + Lyy) - Loy Tye
ty(l + Loy + Lyy + L) - Loy Tie 1
(5.2=24)
= agy Nty [l + Lye + Lye + Lyel = Te)
= oy Nyl [l + Lye + Lye + Lyl - Tie)
= ogy Nyl + Lye + Lye + Lyl =Ty

Solution for incident brightness temperatures equates (5.2-17), (5.2-18), (5.2-19) and (5.2-22).

5.3 SMMR Simulator Algorithm Cocfticient Values ‘
Table 5-1 is a summary of the external coetticient values required to solve the algorithm 1
cquation sets presented in Section 5.2, Sections 7 and 8 will detail the determination of these co-

efticient values. |

Tuable 5-1
External Loss 10.7 - 37 |
Coetlicient H v H v up H v up
ag 094 | 094 | 090 | 090 | 096 | 097 | 095 | 095
a, 065 | 076 | 077 | 076 | 059 | 0.54 | 074 | 049
| : ¢, 0.03 | 003 | 012 | 008 | 0.13 | 007 | 011 | 0.8
, ¢, 003 | 006 | NJA | NA | NJA | NJA | NJA | NA
| g ( 015 | 009 { 011 | o016 | 028 | ¢39 | 015 | 033
G 0.14 0.00 N/A N/A N/A N/A N/A N/A
" G NA L NA | NA L NA | 088 | 082 | 082 | 082

(§74)
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Table 5-2
Leakage Ratio x 100

Leakage Coefficient 10.7 2 21up 37 37upP
Lvi 0.354 0.000 N/A 0.165 N/A
Loy 3.100 0.588 N/A 3.554 N/A
Lon N/A N/A N/A N/A 0.165
Luv 0.371 0.091 N/A 0.146 N/A
Lov 1.206 2.366 N/A 0.512 N/A
Lov N/A N/A N/A N/A 0.146
Lhe 0918 0.710 N/A 0.880 N/A
Lye 0.184 0.850 N/A 1.110 N/A
Lyc N/A N/A 0.809 N/A 2.840
Luu N/A N/A N/A N/A 0.091
Lvu N/A N/A N/A N/A 0.274
Lo N/A N/A 2.635 N/A 0.183

6.0 EFFECTS OF COMPONENT MISMATCH ON THE OPERATION CHARACTERISTICS OF
A RADIOMETER SYSTEM

All equations and derivations in the previous sections of this document assume a negligible
component mismatcih (VSWR = ). This section will investigate the effect of component mis-

match on the operation characteristics previously discussed.

It is noted at the outset that any numerical analysis attempted will provide an inexact solu-
tion in~as-much=-as oniy the magnitude of the mismatch eitect (VSWR) can be calculated. Any
phase relationships causing variation in the radiometer system operation characteristics must be

determined empiricaily.

6.1 First Order VSWR Effect

The principle effect of the antenna VSWR is a reduction in the power transnitted to the

rest of the radiometric system. There is a partial retlection of the incident signal at the

el TN




antenna/radiometer interface, which may be characterized by a power reflection coefficient R and
a transmittance 6. such that 8 = | <« R, When an incident signal of brightness temperature Ty
falls on the antenna, a fraction 6 Ty is transmitted to the radiometric system while the fraction
RTy is reflected back into space (assuming no thermal losses within the antenna). The reflection
coefticient is related to the measured VSWR Vo by

VSWR - 1

IRl =
VSWR + 1

(6.1-1)

When an ideal lossless radiometer is calibrated according to the standard form, 0 is assumed
to be unity. As shown previously, the standard calibration equation and cusibration constants A

and B are given by

Ty = A - BN (6.1=24)
WON¢ C'Nw
A= - (6.1-=2b)
N¢ - Nw  N¢ - Nw
and
wo oo 0
B = (6.1=-2¢)

N¢ - Nw
where N ois a normalized output voltage, WU is a known warm-temperature reference load vield-
ing a normalized output voltage Nw. and € is a known cold=temperature source yielding a

normalized output voltage Nc.

Assume the Ist order antenna VSWR ettect is included in the calibration procedure. When
the hot load at temperature WY is observed the system “sees™ Ty = 0 WO, Similarly the system

sees Tyge = 0 CY when the cold load is observed. The revised calibration equations become:

TySWRg = 2 - BN (6.1-34)
W00 = 4 - bNw (6.1-3b)

and
C% = a - bNe (6.1-3¢)

with the new calibration constant a and b now detined as:

08
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(WON¢ CONw)
a=0 - = 0A (6.1-42)
(Nc = Nw  N¢ - Nw)

0 (W0 - %
Nc - Nw

0B (6.1-4b)

Although the interpretation of the calibration constants is somewhat changed from the
standard case. the predicted brightness temperatures, Ty and Ty, are identical because of the
lincarity of the radiometer. This is seen if we consider a general observation with normalized
output voltage N. The formulation including the effect of VSWR’s (Equations (6.1-3) and
(6.1-4) yields:

TyR9 = 4 - bN = 0A - BN
or (6.1=5)

Ty™R = a - bN = A - BN

which is identical to the case (Equation (6.1-2a)) when VSWRs were not explicitly included.
Only the physical interpretation of the calibration constants (a, b, A, and B) is different in two

cases. The same predicted brightness temperatures result from any observation.

0.2 Sceond Order VSWR Ettect

When external thermal losses are present (e.g.. waveguide, radome and antenna losses), the
VSWR's have a more subtle eftect, since they atfect the values of these losses which are radiom-

ctrically determined.

A typical SMMR simulator radiometer system is schematically represented in Figure 6-1.
That component which contributes an appreciable mismatch into the radiometer system is the
antenna. Transmission line theory shows that the antenna VSWR, as determined at the antenna
output. will be reduced when measured at the output of the waveguide section connecting the

antenna to the ferrite switch assembly.
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Antenria VSWR at the antenna output

Detine SA

Sg = VSWR of the antenna at the wave uide output

L

inscrtion loss in dB through the waveguide

RECEIVER
ANT, Ww/G FERRITE SWITCH ELECTRONICS [

Figure 6~1
The following relationship can be expressed tor the effective VSWR:
COTH"!S; = COTH"'S, + L/8.086 (6.2-1)

The VSWR of the antenna/waveguide component wiil cause a change in the operation ciar-
acteristics (VSWR, isolation, inscrtion loss) of the ferrite switch assembly. Define the following

additional terms:

S; = forrite switch input VSWR

Sy = ctfective ferrite switch VSWR

L, = inscrtion loss of antenna/waveguide
L = insertion loss of ferrite switch

Lg = system insertion loss

The tollowing relations hold:

Y

SPS; + 8
S!"l‘l S ee—— ‘0.:':
S + 8¢
and
Ly = Ly + L + 20log,(1 2 11T (6.2-3)
where
* S; - | Sy - |
Iyl s ———— and Iyl = —— o (0.2
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Define Ly as an effective ferrite switch insertion loss where

Lyg = Ly + 20log, (1 2 ITG T D (6.2=5)
. The effective territe switch isolation may be determined from Table 6-1 using the value Sy
p calculated in Equation (6.2=2).

Recall the ferrite switch junction in the SMMR Simulator radiometer systems is a three port
circulator (Figure 6-2). When the ferrite is biased tor clockwise circulation, any input signal at
port | travels to port 2, signal at port 2 travels to port 3, and signal at port 3 travels to port 1.
The ferrite’s magnetic tield does not entirely cut off counterclockwise signal travel. Theretore, a
portion of the input signal at port 2 reaches port 1. at port 1 reaches port 3, and at port 3
reaches port 2. The direct (clockwise) path transmissivity is defined as o while the indirect (counter-

clockwise) p:tl: isolation transiissivity is defined as 3. Theretfore, the outputs at cach port will be

OUT, = INja + IN,p (6.2-6b)
0UT3= lNza + lle (().2-()5')

A similar equation set may be developed when the territe is biased to provide counterclockwise

direct path circulation.

PORT 1

T u A PORT 2

PORT 3

Figure 0-2
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Table 0-1
Ferrite Junction VSWR-Isolation (Approximate)

v
VSWR ISOL. VSWR ISOL. VSWR ISOL. VSWR ISOL.
1.001 66.025 1.051 32.088 1.102 26.281 1.210 20.443
1.002 60.009 1.082 31923 1.104 26.120 1.220 20.079
\ 1.003 56.491 1.053 31.762 1.106 25.963 1.230 19.732
4 1.004 53.997 1.054 31.604 1.108 25,809 1.240 19.401
. 1.005 52.063 1.055 31.449 1.110 25.658 1.250 19.085
1.006 50.484 1.056 31.297 1112 25.510 1.260 18.783
1.007 49.149 1.057 31.147 1.114 25.304 1.270 18.493
1.008 47.993 1.058 31.000 1116 25.221 1.280 18.216
1.009 46975 1.059 30.865 1.118 25.081 1.290 17.949
1.010 46.064 1.060 30.714 1.120 24.943 1.300 17.692
1.011 45.240 1.061 30.575 1122 24,808 1.310 17.44$
1.012 44.489 1.062 30.438 1.124 24.675 1.320 17.207
1.013 43.798 1.063 30.303 1.126 24.544 1.330 16.977
1.014 43.159 1.064 30.171 1.128 24.415 1.340 16.755
1.015 42.564 1.065 30.040 1.130 24.289 1.350 16.540
1.016 42,007 1.066 29912 1.132 24.164 1.360 16.332
1.017 41,488 1.067 20,785 1.134 24.042 1.370 16.131
1.018 40,993 1.068 29,661 1.136 23.921 1.380 15.936
1.019 40.528 1.009 20,538 1.138 23.803 1.390 15.747
1.020 40.086 1.070 2.417 1.140 23.686 1.400 15.563
1.02i 39.667 1.071 29,298 1.142 23.57 1.410 15.385
1.022 39,207 1.072 29,181 1.144 23.457 1.420 15.21
1.023 | 388RS 1.073 29.066 1.146 23.346 1.430 15.043
1.024 38.520 1.074 28,052 1.148 23,238 1.440 14.879
1.028 38.170 1.07% 28839 1.150 23427 1.450 14.719
1.026 37.83 1.076 28728 1.152 23.020 1.460 14.564
1.027 37.510 1.077 28,619 1.154 22914 1.470 14.412
1.028 37.198 I 1.078 28511 1.15 22.810 1.480 14.264
1.029 30898 i 1,079 28.405 1.158 22.708 1.490 14.120
1050 | 30007 1.080 28.299 1.160 22.607 1.500 13.979
1.031 36,327 1 LOKI 28.196 1.162 22.507 1.820 13.708
1.032 36,085 || 1.082 28,093 1.164 22.408 1.540 ¢ 13.449
1.033 35792 1 1.083 27,992 1166 22311 1.560 13.201
1.034 36537 | 1.084 27892 1168 22218 1.580 12964
1038 . 35290 | 1.0NS 27,794 1.170 22120 1.600 12.736
[ 1036 33049 || 1.0% 27.696 1172 22,027
| 1.037 34816 [ 1087 27.600 1174 21,934 1.620 12.518
1.03% 34588 |1 1088 27.508 1.176 21.843 1.630 12.30%
1.039 34367 | 1089 27.411 1178 21.783 1.660 12.107
i 1040 34.151 1.090 27.318 1.180 21.064 1.680 11.«;13
’ ! s I W 11.72
1.041 3ve4t o100 D 2722 1.1R2 287y |
S N 33736 L1092 0 2738 1.184 489 0 17200 1 11848
CL43 L 3383 5 1093 D 27046 1.180 40z L 190 0 11370
N R T S I 0 S B Rl 1188 318 ) 170 1 11202
i L10ds D RAI%0 L 109s o Cesey 1.190 21234 1.7%0 | 11.039
i LLode | 32063 il 10v | Sers 1102 2118 1.500 | 10881
! 1.047 32780 1 1097 L leew? 1.194 21,069 |
: |04 l 32002 1 LOOR ¢ ool T L1ve 0088 1180 1 10729
X T B S A I R | Sesak I 1o 20907 1840 | 10.581
z | 10s0 | 33256 i Lo | loa4d | 1200 30828 1 1860 10,437
! : i 1 1R8O § 10.29%
, x : ! 1900 10163
4 d . . o l
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Equation set (6.2=0) will hold true as long as there is no component mismatch at the input
ports.  Should such a mismatch occur, additional terms will be required i1 the equation set.
These terms will account for any reflected signal caused by the mismatch. The cocificient of
reflectivity, T (Equation 6.2-4), for a given mismatch (VSWR) is defined as that fractional

amount of a signal which is reflected when a mismatch is encountered (sce Table 6-2).
Given a mismatch at port 1 (Fi.ure 6=2), a portion of the signal output at port 1 (Equation
(6.2-6a)) will be reflected as a secondary input:

IN] = TWOUT 1) = TdN;a + INy ) (6.2=7)

Thus the input signal at port 1 becomes:  INY

where INy = IN; + IN} (6.2-8)

Theretore, trom Eguation (6.2-06):
OUT, = INJa + IN38 = [IN; + [(N;a + IN;@)a + INy8 (6.2-%a)

0UT3 = lN:a + lN'l'ﬁ = lN:a + “l\, + r(lN3a + lNzﬁ)lﬁ (("2'9b)

Similar cquations may be gencrated with mismatches at other ports. These further mis-

matches will cause a “domino effect” through the entire cquation set.

The tollowing effects when a mismatch oceurs in a radiometer system iypical of the SMMR
simulator have been noted:
a. The ferrite junction isolation will be reduced trom that physically measured.
b. The territe junction insertion loss will vary, may increase or decrease, dependent upon
VSWR phase relations.

) . Input signal mixing will oceur due to arculator operation and mismatch reflection,
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Table 6-2
VSWR—Cocefficient of Reflectivity

VSWR | RhoV | RhoP || VSWR | RhoV | RhoP | VSWR |RhoV | RhoP }VSWR | RhoV | RhoP

1.001 | 0.0005 | 0.00000 i 1.051 | 0.0249 } 0.00062 || 1.102 | 0.0485 | 0.00235 || 0.210 | 0.0950 | 0.00903
1.002 | 0.0010| 0.00000 j| 1.052 | 0.0253 { 0.00064 || 1.104 | 0.0494 | 0.00244 || 0.220 | 0.0991 |0.00982
1.003 | 0.0015{ 0.00000 {| 1.053 | 0.0258 { 0.00067 {} 1.106 |0.0503 10.00253 || 1.230 {0.1031 | 0.01064

1.004 | 0.0020| 0.00000 ; 1.054 | 0.0263 [ 0.00069 }| 1.108 | 0.0512 { 0.00262 }| 1.240 { 0.1071 | 0.01148
1.005 | 0.0025{ 0.00001 {{ 1.055 | 0.0268 { 0.00072 1 1.110 | 0.0521 {0.00272 | 1.250 | 0.1111 { 0.01235
1.006 | 0.0030| 0.00001 {f 1.056 | 0.0272 | 0.00074 }| 1.112 | 0.0530 {0.00281 [ (.260 | 0.1150 | 0.01324 .
1.007 | 0.0035| 0.00001 || 1.057 | 0.0277 | 0.00077 || 1.114 | 0.0539 | 0.00291 i{ 1.270 | 0.1189 | 0.01415
1.008 | 0.0040 | 0.00002 | 1.058 | 0.0282 ] 0.00079 |t 1.116 | 0.0548 | 0.00301 || 1.280 | 0.1228 ! 0.01508
1.009 | 0.0045 | 0.00002 i 1.059 | 0.0287 { 0.00082 i 1.118 | 0.0557 | 0.00310 (| 1.290 | 0.1266 | 0.01604
1.010 | 0.0050! 0.00002 || 1.060 | 0.0291 { 0.00085 }| 1.120 | 0.0566 {0.00320 | 1.300 | 0.1304 | 0.01701
1.011 | 0.0055( 0.00003 || 1.061 | 0.0296 { 0.00088 i{ 1.122 | 0.0575 { 0.00331 | 1.310 | 0.1342 | 0.01801
1.012 | 0.0060 | 0.00004 || 1.062 | 0.0301 | 0.00090 ! 1.124 | 0.0584 | 0.00341 |} 1.320 ; 0.1379 | 0.01902
1.013 | 0.0065 | 0.00004 || 1.063 | 0.0305| 0.00093 || 1.126 | 0.0593 | 0.00351 f; 1.330 | 0.1416 | 0.02006
1.014 | 0.0070 | 0.00005 || 1.064 | 0.0310| 0.00096 || 1.128 ( 0.0602 | 0.00362 || 1.340 | 0.1453 | 0.02111
1.015 | 0.0074 | 0.00006 || 1.065 | 0.03i5| 0.00099 | 1.130 | 0.0610 | 0.00373 || 1.350 | 0.1489 | 0.02218
1.016 | 6.0079 | 0.00006 || 1.066 | 0.0319 | 0.00102 || 1.132 | 0.0619 | 0.00383 || 1.360 | 0.1525 | 0.02327
1.017 | 0.0084 | 0.00007 || 1.067 | 0.0324 | 0.00105 )| 1.134 | 0.0628 | 0.00394 || 1.370 | 0.1561 | 0.02437
1.018 | 0.0089 | 0.00008 |; 1.068 | 0.0329 | 0.001081f 1.136 | 0.0637 } 0.00405 || 1.380 | 0.1597 } 0.02549
1.019 | 0.0094 | 0.00009 || 1.069 | 0.0333| 0.00111} 1.138 | 0.0645 | 0.00417 || 1.390 { 0.1632 | 0.02663
1.020 | 0.0099{ 0.00010 | 1.070 | 0.0338{ 0.00114 i\ 1.140 { 0.0654 { 0.00428 | 1.400 | 0.1667 | 0.02778

1.021 { 0.0104} 0.00011 || 1.071 | 0.0343 | C.00118| 1.142 | 0.0663 {0.00439 (| 1.410 | 0.1701 | 0.02894
1.022 | 0.0109] 0.00012 i} 1.072 | 0.0347 0.00121 || 1.144 | 0.0672 | 0.00451 || 1.420 | 0.1736 | 0.03012
1.023 | 0.0114] 0.00013 /| 1.073 | 0.0352| 0.00124 | 1.146 | 0.0680 |{ 0.00463 || 1.430 | 0.1770 ] 0.03131
1.024 | 0.0119 0.00014 || 1.074 | 0.0357 | 0.00127 || 1.148 | 0.0689 | 0.00475 || 1.440 | 0.1803 | 0.03252
1.025 | 0.0123] 0.00015 || 1.075 | 0.0361 | 0.00131 |} 1.150 ; 0.0698 | 0.00487 || 1.450 | 0.1837 | 0.03374
1.026 | 0.0128} 0.00016 || 1.076 ; 0.0366 | 0.00134 | 1.152 | 0.0706 | 0.00499 | 1.460 | 0.1870 | 0.03497
1.027 | 0.0133|0.00018 ) 1.077 { 0.0371 | 0.00137}} 1.154 { 0.0715}0.00511 || 1.470 | 0.1903 | 0.03621
1.028 { 0.0138{ 0.00019 |} 1.078 | 0.0375; 0.00141 1} 1.156 | 0.0724 | 0.00524 } 1.480 | 0.1935} 0.03746

1

1

1.029 { 0.0143| 0.00020 i 1.079 | 0.0380; 0.00144 i 1.158 | 0.0732 ] 0.00536 i 1.490 | 0.1968 | 0.03873
1.030 { 0.0148{ 0.00022 || 1.080 { 0.0385 0.00148 | 1.160 { 0.0741 | 0.00549 || 1.500 | 0.2000 | 0.04000

0.0153] 0.00023 j; 1.081 ; 0.0589{ 0.00152
0.0157{ 0.00025 || 1.082 | 0.0394| 0.0G155
0.0162| 0.00026 || 1.083 | 0.0398] 0.00159

1.162 | 0.0749 : 0.00561 [ 1.520 | 0.2063 | 0.04258 ]
1.164 | 0.0758 | 0.00574 || 1.540 | 0.2126 | 0.04520
1.166 | 0.0766 | 0.00587 | 1.560 | 0.2188 | 0.04785
0.0167;0.00028 || 1.084 | 0.0403; 0.00162; 1.168 | 0.0775 | 0.00600 || 1.580 | 0.2248 | 0.05054
0.017210.00030 || 1.085 | 0.0408{ 0.00166| 1.170 | 0.0783 0.00614} 1.600 | 0.2308 | 0.05325
0.0177] 0.00031 j 1.086 | 0.0412} 0.00170} 1.172 | 0.079210.00627
1
1
!
1

0.0i82]0.00033 |} 1.087 | 0.0417!0.00174 ] 1.174 | 0.0800] 0.00641 || 1.620 | 0.2366 | 0.05600
0.0186; 000035} 1.088 { 0.0421] 0.00178(f 1.176 | 0.0809 | 0.00654 {| 1.640 | 0.2424 | 0.05877 :
0.0191 0.00037 || 1.089 | 0.0426| 0.001824 1.178 ; 0.0817 : 0.00668 || 1.660 | 0.2481 | 0.06156 ‘i
0.0195 | 0.00038 1.090 | 0.04311 0.00185{ 1.180 { 0.0826 ! 0.00682| 1.680 ; 0.2537 | 0.06438
l 1.700 | 0.2593 | 0.06722
0.0201 0.00040 || 1.091 | 0.0435;, 0.00189| 1.182 | 0.0834 | 0.00696
0.0206} 0.00042 ! 1.092 | 0.0440] 0.00193 1" 1.184 | 0.084210.00710}! 1.720 ; 0.2647 | 0.07007
0.0210: 0.00044 (| 1.093 ; 0.0444] 0.00197! 0.0851 10.00724 | 1.740 { 0.2701 | 0.07294
0.0215: 0.00046 i 1.094 | 0.0449] 0.00202: 1.188 | 0.0859; 0.09738} 1.760 | 0.2754 | 0.07582
0.0220; 0.00048 {{ 1.095 | 0.0453 0.00206! 1.190 | 0.0868 | 0.06753 1 1.780 | 0.2806 | 0.07872 !
0225 N.000S!T |} 1.09¢ | 0.0458( 0.00210! 1.192 | 0.0876 { 0.00767 || 1.800 | 0.2857 ! 0.08155
0.0230} 0.00053 " 1.097 | 0.0463; 0.00214; 1.194 | 0.0884 | 0.00782
0.0234| 0.00055 i 1.098 | 0.0467| 0.00218! 1.196 | 0.0893 | 0.00797 | 1.820 | 0.2908 | 0.08455
0.0239; 0.00057 ;] 1.099 | 0.0472; 0.00222] 1.198 | 0.0901 | 0.00811; 1.840 | 0.2958 | 0.08748
0.0244| 0.00059 | 1.100 | 0.0476] 0.00227: 1.200 | 0.090% { C.00826{ 1.860 | 0.3007 { 0.09042
1.880 | 0.3056 | 0.09336
1 1.900 | 0.3103 | 0.09631 ;
VSWR Voltage Standing Wave Ratic

Rho V(p,) Voltage Reflection Coetticient s

Rho l’(pp) Power Retlection Coetiicient = pg
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It is concluded that to determine the true nature of these effects on the radiometer system

calibration, a “full-up™ mission configuration testing program must be undertaken so as to deter-

mine the phase dependent relationships noted in the previous discussion.

7.0 SMMR SIMULATOR CALIBRATION TESTING

In Section S an cquation set was derived whereby the absolute brightness temperature of
the incident scene radiation may be obtained. 1t was seen that these equations require knowledge
of the plysical temperature and the signal loss characteristics of the system components. This

scction details the temperature monitoring techniques and the calibration tests made for compo-

nent characteristics determinations.

7.1 Component Physical Temperature Monitoring

Table 7-1 delincates the method by which the component physical temperatures are moni-

tored. The components are as defined in Section 4, subscripting as in Table 4-2.

Table 7-1

Component

Equation Symbol(s)

Monitor Method

Raaome Lo Mathematical Average of
Total Air Temp@ and the
Antenna Ambient
Antenna tsa Thermistor®
Waveguides .
Sled Uy Uy Thermistor
Cargo Bay e U Thermistor
Cabin (5: 153 t_;s Thermistor
Cold Load Lyg sy Ambient
Calibration Loads
Cold t Calcuiated Boiling Point of
LN@
Hot to Thermistor
Ferrite Switch t Thermistor

~1
N
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Notes: }
(1) Total Air Temperature: ambient air temperature plus ram air temperature where the |
ram air temperature is a heating etfect caused by air flow friction on the aircraft skin— :
tfor ground based calibrations rom air temperature is zero. <
(2) Thermistor Monitor: YSI 44006 or YSI 44031 thermistor monitor points are multi- :
plexed to the data recording system; sample rate of approximately once every two
Jdnutes.
(3) Bailing Point of Liquid Nitrogen (LN,): the cold load temperature is the boiling point
of the cryogenic liquid: nominal value 77.2°K: housckeeping data records aircraft cabin

altitude. using this value the boiling point is calculated for the given atmospheric

- - TP b m ¢

pressure.

7.2 Component Calibration Tests

-

The component characteristics required tor the equation sets of Sections 4 and 5 are deter- E
mined in two sets of tests. Test set one is a component level testing program. Test set two is a

system level testing program to take into account the VSWR ettects noted in Section 6. g
7.2.1 Component Level (“Picce Part™) Testing !
|

7.2.1.1 Waveguide, Antenna. Radome Transmissivities
In all instances. the transmissivity («) for the waveguides, antennae. and radomes is deter-
mined radiometrically. The radiometer response equation has the torm
Ty = A + BV (7.2-1)

wiiere

A. B = operation constants

V = system output voltage
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To determine the transmissivity of the lossy element under test, two targets are observed
with the radiometer system.  Target one is viewed at ambient temperature yielding a radiometer 1
response form:
Tamb = A+ BV, (7.2-2
. Target two is a cold temperature, cither as liquid nitrogen load or the sky. This target will be i

viewed by the radiometer system twice, once with and once without the lossy element included 1

in the system. For the case of no lossy element we have:

Teold = A + BV, (7.2-3) i
For the case of including the lossy element we recall equation 4-1 for radiative transfer through
a lossy element and have a response equation of the form i

aTeold + (1 - @) Typp = A + BV, (7.2-4)

The element transmissivity is calculated from equations 7.2-2, 7.2-3 and 7.2-4 wherein:

(aTcold (= Tymp A) (Tamb A)
+ cm—— - - —
vV, -V, B B B B B :

L 7.2=5
V, -V, (Tcold A (Tamb A ) ( !
B B B B
When reduced
Vi - vl
; - a (7.2-6)
\"'2 Vl

Tables 7-2 and 7-3 delincate the transmissivities for the SMMR Simulator components as deter-

mined by the above method.

7.2.1.2 Ferrite Switch Block Leakage Ratios

As was discussed in Section 6. the ferrite switch block will have altered operational character-
istics when installed in the radiometer system (altered tfrom manutacturers test data taken with
matched loads) due to mismateh with the antenna/waveguide system.  Table 7-4 tabulates the

VSWR seen by the ferrite junctions iooking at the antenna;waveguide systems,
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T . 3 T ’ U QUADLLERTY 0

P S



B o g Siowiilais it i R i e il it ST RV

A o MU ol T
;i
!
|
i
|
Table 7-2 %
Waveguide Transmissivities 5
10.7 21 37 '
\% H A" \% H UP !
Sled 0.9444 | 0.9664 &\\ \\\\\\\ \\\\“\\\\\\\:\\\\\\ ,;
Feedthru 0.9785 | 0.9809 \\\\ \\\\ \\\\\\\\& \i&\\ ;
Cargo 0.9879 | 0.9589 \\\ \\\\\\\\ 1\\\\&\\ ]
Cabin \\\\\\\\\\‘ 8498 | 0.8723 | 0.8706 | 0.8335 | 0.8931 | 0.7865 f
Cold Load! \\\\\\\\\\\\\\ N 08766 | 08212 | 08212 | 08212 !4
Table 7-3
Antenna Transmissivities
10.7 21 37
\Y H \Y H up \Y H up |
Antenna Svstem | 0.904 0.839 0.827 0.859 0.826 0.807 0.535 ] 0.5944 :
Launch Horn 0.982 0.956 0.932 0.947 0915 0.891 0.592 | 0.7072 |
Lens 0.921 0.878 0.886 0.907 0.903 0.900 0.903 | 0.8405
Table 7-4
Antenna and Wavegaide System VSWR ;
10.7 21 37 E
V H vV H UpP \Y% H upr
Antenna 1.20 1.08 1.35 1.04 1.26 1.13 1.40 1.26 _
Waveguide o8 | 1o | tas o Lora2 o120 22 | nte | 104 |
Ant and WG 1.24 1.28 1.47 1.14 1.29 1.19 1.32 1.19 !
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Recall Figures 4-14 and 4-185, schematic representations of the ferrite switch block assemb-

lies (Figure 7-1 below);

INT >

IN > IN2> Z 3
IN2 > ~ /I IN3>- T~ (S ) L, e—our
~ /¢ out . o~ [\ *
IN3 >=— | N INeS>——0 -l
N> [ S ING i
6.6, 10.72, 22 GHz 18, 37 GHz
Figure 7-1(a). Figure 7-1(b).

Define the following symbols:
W= INIl = warm calibration input
V = IN2 = vertical polarization input
H = IN3 = horizontal polarization input
C = IN4 = cold calibration input

U = INS = uplook (37GHz). terminated (18GHz) input
Define a term called leakage ratio as the ratio of the transmissivity of an undesired signal path
(ﬁij) to the transmissivity of the primary/desired signal path (O‘ij)
£ij = Bij/aij (7.2=7)

where & = input where signal originates

= primary signal path

G -
i

Observing the possible primary signal paths in Figure 7-1, the following transmissivity values may

be determined:

]




Table 7-5

Primary Path Undesired Paths
& ww Bow Buw Bow Buw
v Bwv Buv Bev Buv
oy Bvi Bwn Bou Bum
&cc Bvc Buc Bwc Buc
oy Bvu Buy Bev Bwu

(Note: however. no values are obtained for warm load transmissivities. All measuremcnts are
made utilizing the radiometer system. So as to make warm load measurements, disassembly of

the radiometer would be required, leaving no test tacility.)

The tollowing test procedure was utilized to determine the leakage ratios cognizant with

the transmissivities listed in Table 7-5.

Test Step No. Procedure
| Turn on radiometer system, allow to thermally stabalize

Connect external elements (antenna, waveguide, LN, load) to primary signal

path—antenna views ansbient load
Connect matched load(s) to undesired path(s)
Take radiometer output reading with all ports ambicent

Place LN, matched load on one of unwanted signal path input ports, take

radiometer output reading.
Culculate 3 = reading step S—reading step 4.
Repeat step 3 and 6 on other unwanted signal path ports

Remove external elements from primary path port, place ambient matched loads

on all ports, take radiometer output reading.

Place LN, matched load on primary path port, take radiometer output reading.

<« ¥

e —— ——————— “—— - 4 o o e o ot e e

s



10 Calculate a = reading step 9- reading step 8.

11 Caleulate £ = g/

Table 7-6 delincates the SMMR Simulator Ferrite switch(s) leakage ratios as determined by the

above procedure.

Table 7-6 ‘ i
Ferrite Leakage Ratio x 100 : ‘
10.7 21 37 ‘
Lev 1.200 2.366 0.512
Len 3.100 0.588 3.554
Lov N/A 2.635 0.183
Lve 0.184 0.850 1.110
Lvy 0.354 0 0.165
Lyy N/A N/A 0.274 ,‘
Loe N/A 0.809 2.840 :
Luv N/A N/A 0.146 S
Lo N/A N/A 0.165
Ly 0918 0.710 0.880
Lav 0.37 0.091 0.140
Ly N'A N/A 0.091
7.2.2 System Level Testing
7.2.2.0 Ground ¢*Hangar™ Tests

SMMR Simulator data retrieval is complicated by the tactor that the system temperatures/
losses are varient dependent upon aircratt installation positioning and aircraft operations whesein
sufficient warm up and stabilization time may not be available prior to deployment and data

taking commencement and operation at varying altitudes giving varying ambient temperatures.
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i The following procedure was utilized whereby the SMMR Simulator temperature dependent
|
! characteristics were monitored under test conditions.  All radiometer system outputs and therm-

istor monitor points were recorded on magnetic tape tor analysis at a later date. Target tempera-

[}

g’ tures were periodically hand logged.

‘ The calibrations involve viewing an Eccosorb target at both ambient temperature and when
cooied to liquid nitrogen (77°k) temperature.  Theretore, the tollowing procedure is run twice
tfor each radiometer system.

Test Step No. Procedure
1 Position target before antenna aperture.
2 Start automatic data taking system.
3 Turn on radiometer clectronics—allow to stabilize, monitoring hot load
temperature.
4 Turn on waveguide heater Section 1 (cabin or cargo bay) - allow system to
stubilize.
3 Turn on waveguide Section 2 (sled) if applicable - allow system to stabilize.
6 Turn on antenna heater = it applicable - allow to stabilize.
7 Turn all heater systems oft = allow all components to cool to ambient
temperature.
8 Turn oft dita recording system.
9 Repeat procedure with second target temperature.
(Note: Three sets of “hangar™ test data were made for the 1978 NIMBUS-G underflight: (1)
AMLES. pre=deplovment. (2) FAIRBANKS. mid-deployment. and (3) AMLES, post=deployment.
The Fairbanks data set afforded a greater temperature dynamic test range than the twe Ames
' data sets.)
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7.2.2.2 Airborn Testing

All SMMR Simulator antennas are installed so as to view the earth at an attitude of 45°
down and to the right with respect to the aircraft. Two aircraft mancuvers were executed as
often as feasible during the NIMBUS-G undertflight series to provide calibration points for the

SMMR Simulator.

One maneuver has been termed a “wing over’ where the aircraft is placed in a 90° left bank
(wings perpendicular to the carth). This points the SMMR Simulator antenna 45° above the
horizon thus viewing the sky or cosmic background radiation of approximately 3°K, the best

possible cold calibration for the systems,

The second aircraft maneuver utilized for calibration is a 45° right bank during which the
radiometer systems are nadir viewing.  When nadir viewing. all polarization eftects become non-

existant and the radiometer channels. when properly calibrated, will have identical readings.

3.0 ALGORITHM COLFFICIENT DETERMINATIONS
The equations have been derived to determine brightness temperatures and calibration tests
have been performed.  The external loss coetticients and leakage ratios must now be determined

using the developed algorithm and test results.

8.1 Determination Technique

Determination of the algorithm coefticients involves an iterative process. Data recorded dur-
ing the ground and airborn testing procedures is first examined and any gross irregularities noted
for exclusion from processing so as to avoid biasing, Six second time averages are caleulated for
system normalized counts and coordinated with thermistor value temperature caleulations.  Ail
data is subsequently stored on magnetic dise media for analysis.  “Piece part™ data are entered

into the data set by hand tor cach appropriate calculation.
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: The coefficients are calculated in a four pass process. First, the value of ag is determined
;. from the warm up data obtained in ground testing. Secondly, piece part measurenents for leak-
age ratios are utilized to calculate values of Ty, Ty, and/or Tyy. The third pass calculates the
external loss coetficients utilizing picce part and ground test data. The fourth pass utilizes air-

born test data to “fine tune” the coefficients.

M oty SRS

8.1.1 Determination of ag

e

, Recall the switch block input effective brightness temperature equation (5.1-21)

L. - Lw L+ L,
Tl’i = TI'W - (Tl-'w - Tl’(' + _L_.—) ORi Ni - (8.1=1)
A A;

The term ag; was seen to be a transmissivity ratio between the cold calibration signal path and
the measurement path of interest.

agi = Ap/A (8.1-2)

Let the switch block leakages be negligible (L = 0) and detine

Z = ("Tl;(' + Tl W ) \!l (8.]"3)
Then
1“ = Tl;“,' - ZO’Ri (8.1-4)
dly o | dZ - !
LlT’.“‘ dTI W ki (8'1-3)

Under test conditions, Ty is held constant and theretore:

dTy;
— =9 (8.1-0)
dTyy
thus
dT
de

Foas thus seen that ag s dependent upon the physical temperature oi the switeh bloek. There-

tore data taken during warm up testing s deseriptive ot ay.
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An initial value of oy is determined from a plot of (T = Ty) vs. Ty = Ty ) Njo It the
warm up characteristic is a linear relationship, the slope of the plotted line will be ag.  Figures
8=1, 8=2. and 8=3 are the graphic determination of ag for the 10.7, 21, and 37GHz systeme

respectively.

Inspection of the data plots shows a nonlincarity during the initial warm up period. This is
particularly noticable in the 37GHz systems wherein warm up time was on the order of one
hour. So as to preclude biasing due 1o the nonlinearity, a secondary determination method for

ag is indicated.

Recalling kquauon (8.1=5), it is seen that ag; is directly proportional to dT;/dTy. Also
recall Equation (8.1=6), which implies a plot of brightness temperatures during the radiometer
system warm up should track the target temperature being observed regardless of the system
physical temperature changes (i.e., slopes of two plots should be equal). The values of ag deter-
mined in Figures 8-1, 8-2, and 8-3 are ased as initial values to plot Ty = Ty = (=T + Ty)
agi N vensus time. Simultancously. Ty and Tyy are plotted versus time. The value of ag is
vaited around that previously determined and plots are made of Ty, vs. time. A value of ag be-
ing that value which causes the plot ot Ty versus time to most closely track T target versus time,

tie., the two plots have equal slopes).

Figure 8-4 illustrates this plotting provedure tor the 37GHe vertical polarization channel.

N2 Leakage Coetticients Determination (L)
Leakhage ratios caleulated from picee part measurements were the sole means ot determining

values tor the leakage coetticients defined in the calibration vquation,

8.1.3 baternal Loss Coctticients
The hangar tests, in which the various components are tested by allowing their respective
heaters to eyvele wilule ail other components and targets are held at constant temperatures, are

wed to caleulute the external loss coctticients,
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Recall Equation (S.1-1a) which describes the eltect of the external losses on the incident
brightness temperature:
Tip =xeoay; Ty +(1 —a) agoapty +(1 =ay) agoyty (1 =)oty +(1 -ay) (8.1-8)
A value tor Tyy is calculated from the test data using the previously determined coefticient values
of ag and L. With all variables held constant except ty, the physical temperature associated

with the waveguide loss term (@), the value of a; may be calculated.

As t; varics, so will Ty vary. Algebraic manipulation shows that
al = l - ATl:B/IAtl (8-]-9)
Similarly by holding all veriables constant with the exception of ty it is scen that:
a, = l - (ATl:n/Alz)al (8.1-'0)
Having previously determined a value for ay, «; is caleulable,  Likewise:
a3 = | = (ATyp/At) ayoy 8.1-11)
and
a,‘ = l - (ATI;B!'AL,)O(.;GIQ, (8.1":)
Picee part measurements are utilized tor determination ot the external loss coetficients when the
variations in physical component temperature during the hangar tests are insignificant and/or
signal variation due to this physical temperature change is insigniticant.  In=as=much=as neither
the antenna nor the radomes have heaters the hangar test procedures will not yield the requisite
variations to determine values of ay and ag. These twe loss coetlicients are determined trom

picee part measurements (Section 7.2.1).

The caleulation procedure noted in Section 7.2.1 is modified for determining radome loss
in=as=much=as the radome is tested utilizing the complete radiometer system.  Two equations

are Known, one cach tor the radome in place (“on™) and radome removed (ot ).




[ : Ton = @a Ty + (1 - a)at, + L (8.1-13)
l : Topp = a Ty + L (8.1-14)
) 5 where
o = a0 (8.1-15a)
i L= (l . as)azﬂltj + (l - az)a,tz + (l - al)(l (8.l-le) *
b ty = ambient temperature at time of test

The target is identical in both test conditions. The equations are thus solved for Ty and equated.

Terms are rearranged and solution for a4 is determined:

\ TON - at‘ - L
L 7} =
Tory - aty - L

(8.1-16)

Where Ty and Tgy e are calculated from the test data using the previously determined coefficient

: values of ag and Lyy.

8.1.4 “Fine Tuning” the Coetficient Determination(s) ;
As noted in Scction 7.2.2.2 wingover mancuvers are made periodically throughout the ex-
periment tlight series.  The radiometers view the cosmic background radiation of 2.7°K. This

establishes a good cold target for the radiometers to be calibrated against.

The wingover data is utilized as a check for the algorithm utilizing coefticients determined
in prior testing.  Should there be a discrepancy between caleulated brightness temperature during
: the wingover and the predicted 2.7°K. the wingover data is used to “Fine tune™ the coetficient

value which is considered to have the greetest potential deteriination error.

Given the test data values, a known target (Ty), and all but one coefticient, the algorithm

cquation may be solved tor the unknown loss cocetficient.

Figure 8=5 illustrates the iterative process used in determining the equation coetficients tor

the 37GHz vertical polarication channel.
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8.2 System Coetlicient Determination

Each radiometer system’s loss coefficients were determined from different subsets of the

test data. Table 8-1 summarizes the test(s) used in determining the system loss coefficients.

Table 8-1
System Waveguide Radome Antenna Ferrite .
10.7 Piece Part Wingover Pivce Part Piece Part
21 Hangar N/A Picce Part Piece Part
21 Uplook Picce Part N/A High Altitudes* Piece Part
37 Hangar N/A Wingover Piecv Part
37 Uplook Hunyur N/A Piece Part Picce Part

[ *NOTE:; When at high altitude, the uplovking radiometers wre secing cosmic background at %K)

8.2.1 10.7GHz Radiometer System

The 10.7GHz radiometer waveguide transmissivities were high enough that the hangar cali-
bration tests were not used since changes in heater temperatures had no discernable effect on the
output caleulated radiances, Ty Therefore, picce=part measurements were used to obtain these

values. The antenna transmissivitics were also determined using picce-part measurements.

The 10.7GHz radiometer posed a special problem since there is a radome in the system.
The Radome on/off tests were deemed useless when caleulated loss coettficients were found to be
unreasonably large (approximately two orders of magnitude). Therefore, wingover data was em-

ployed to determine the radome loss coefticient.

8.2.2 21GHe Radiometer System

The waveguides ot the 21 GHz system were sutticiently lossy that corresponding loss coefti-

cients could be determined using the hangar heater measurements. Some error can be expected

in the ag term since the 21GHz warm=up is tairly guick. theretore, the data used to determine

ag is not in large supply. Wingovers were used as a cold target test to tfine-tune the transmissivity
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ratio, ag. However, since the waveguide transmissivities were calculated from hangar measure-
ment which included equations that contained the transmissivity ratio, ag, these loss coetficients

are recalculated using the new transmissivity ratio term.

8.2.3 21GHz Uplook Radiometer System

The 21 GHz Uplook waveguide transmissivity used in the algorithm was taken from piece-
part measurements. Piece-part measurement’ of antenna loss yielded a value that was questiond
as possibly being too low, hence, the high-altitude portions of a randomly chosen tlight was used
as a calibration test with space as a cold target (2.7°K) to determine a value for the antenna

transmissivity.

8.2.4 37GHz and 37GHz Uplook Radiometer Systems

The 37GHz and 37GHz Uplook radiometers have the same receiver ~o the two systems are
treated as one. Since the 37GHz hot load has the longest, close to ar hour, warm-up period
sufficient data is available to determine the transmissivity ratio with some confidence. Waveguide
components were so lossy that the hangar measurements were used to determine their transmiss-
ivitics.  Antenna losses, as s¢en from picce-part measurements, were large: however, changes in
antenna temperature during testing were not large enough that effects of these changes were
evident in plotted radiances. Theretore, the picce-part measurements of antenna transmissivitics

were used initially.

Again, the wingover data set was used to fine tune the antenna loss coetticient for the 37
GHz radiometer system to achieve a good set of calculated brightness temperatures. High-
altitude data analysis tor the 37GHz Uplook radiometer system using previously determined co-
effivients yielded consistent good results, theretore no turther modification of the loss coefficients

Was necessary.
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8.3 Algorithm Coetticicnts Summary

Bx e

Table 8-2 compares the calculated (system) transmissivity cocfficients with those determined

] —
; during picce-part measurements.
§ Table 8-3 lists the leakage coefficients.
v
i Table 8-4 lists the external loss coefficients.
: Table 8-2
§ SMMR Simulator Transmissivity Coefticients
Calculated vs. Piccepart Coefficients
]
J e 10.7GHz 2IGHz 37GHz
: Element/Channel System/Piecepart System/Piecepart System/Piecepart
Cabig @ H - 0. 0.88 0.87 0.93 0.89
: weo @ Vv . 0 0.92 0.85 0.89 0.83
g - U N/A N/A 0.87 0.87 0.82 0.78
1 Sog @ H - 0.97 N/A N/A N/A N/A
we @V - 0.94 N/A N/A N/A N'A
"o, UP N‘A N/A N/A N/A N/A N/A
a, H - 0.84 0.88 0.86 0.58 0.59
Antennaay |V - 0.90 0.83 0.83 0.33 0.81
a;, UP N/A NA 0.83 0.83 0.60 0.59
ay H 0.83 - N/A N/A N/A N/A
Radome ay V 0.93 - N/A N/A N/A N/A
a, UpP N'A N’/A N/A N/A N/A N/
ag H 0.94 092 0.90 0.91 0.97 0.89
ag Vv 094 0.93 0.90 0.92 0.9§ 0.84
ag UP N'A N/A 0.96 0.94 0.95 0.87
94
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Table 8-3 i
Leakage Coefficients x 100 i
Coefficient 10.7 A 2iup 37 3up |
Lyn 0.354 0.000 N/A 0.165 N/A v
Len 3.100 0.588 N/A 3.554 N/A &
Lun N/A N/A N/A N/A 0.165 .
Luv 0.371 0.091 N/A 0.146 N/A f |
Lov 1.200 2.300 N/A 0.512 N/A |
Ly N/A N'‘A N'A N/ - 0.146 _,_
Luc 0918 0.710 N/A 0.880 N/A |
Lye 0.184 0.850 N‘A 1110 N/A ‘
Loe NA N'A 0.809 N/A 2.840 |
Luu NiA NA N:A N/A 0.091
Ly NA N A N A N/A 0.274 ;
Lo N A N'A 2,035 N/A 0.183 |
Table 8-4
External Loss CoefTicients
10.7 21 37
Coctticient
H \Y H \Y up H \Y% up
ag 0.94 0.94 0.90 0.90 0.96 0.97 0.95 0.95
&, 0.65 0.76 0.77 0.76 0.59 0.54 0.74 0.49
¥ 0.03 0.03 0.12 0.08 0.13 0.07 0.11 0.18
L, 0.03 0.00 N/A N/A N/A N/A (/A N/A
1) 0.15 0.09 0.11 0.10 0.28 0.39 0.15 0.33
L, 0.14 0.06 N/A N/A N/A N/A N/A N/A
< N/A N/A N/A N/A 0.88 0.82 0.82 0.82
93 ’
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9.0 ALGORITHM VERIFICATION

9.1 Calibration Data Anomalies

9.1.1 Cold Calibraticn Target
Liquid nitrogen filled targets were instrumental in the planning of the ground-based two-

point calibration measurement plan (Section 7.2.2.1).

The targets to be used in the tests had originally been intended as a quick look calibration
target wherein the target was flooded with liquid nitrogen and a data set taken: total test time
approximately 5 minutes. The extended testing planned (3 to § hours) dictated modifications to
thg target: (1) a layer of insulating foam as closure to the system to preclude condensation and
icing, (2) continual filling with LN, to assure the microwave absorber being imriessed. Calcula-
tions showed the target would have an effective beightness temperature of approximately 100°K.

A platinum sensor was placed in the target material as a temperature/LN; level monitor.

Initial plotting of the receiver output radiances displayed variances in the target temperature.
Additionally, identical tests performed at different times (e.g., pre-flight AMES and post-flight

AMES) had widely varying radiances.

These radiance variances are attributed to frost and liquid water build up on the target sur-
face. AMES’ relative humidity was high during the testing periods (close proximity to San Fran-
cisco Bay) and the target surtace was less than dew point temperature thus condensation occurred

in spite of the insulation foam closure.

Calculations were performed with the finished algorithm to determine the LN, target bright-

»
.

ness temperatures. The resultant variance was in a range of 110°K to 140°K

In light of the unpredictable value of the target brightness temperature, the data taken dur-
ing the hangar calibration testing with the LN, targets was not utilized in the algorithm coefticient
determinations.,  Data obtained during high altitude flights and wing over maneuvers was substitu-
ted as the cold calibration target data for the coelticient determination etfort.
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Future two-point calibration testing using a cryogenic temperature target will require develop-

ment of a target which will not be disturbed by condensation and frosting.

9.1.2 Ambient Calibration Target

The duration of a single calibration test series was usually 1 to 2 hours with several test
series run in a row. The ambient temperature w5 nanually recorded at the beginning and end-
ing of each series and a linear temperature change assumed between the two measurements. This
infr:quent monitoring gives rise to uncertainty of the true target temperature at any given time :
during the testing period. This can be noted in thr plotted brightness temperatures (values cal-

culated from the algorithm) as compared to the linearly represented target temperature plots.

The uplooking window mounted radiometer systems present an additional uncertainty in
target temperature.  An ambient target was utilized for testing. It was noted in the data analysis
that the radiance more closcly tracked the antenna physical temperature than the ambient tem-
perature. It has been suggested the true temperature of the target lies between the recorded am-
bient and antenna temperatures in as much as the target may absorb heat from the antenna due
to the antenna waveguide heater system operation.  Theretore, in the algorithm coefficient
determinations, the calculated brightness temperatures were forced to fall between the recorded

ambient and antenna temperatures.

9.1.3 Component Level (“Piece Part™) Testing VSWR Eftects

As seen in Section 7.2.1, the transmissivity of a4 given component is obtained from the
ratio of a set of measurements taken with and without the test component in place in the rudiom-
vter system.

! !
\’(; -V AMB

o= 9-1)

V - Vius

where a = component transmissivity

Vi, = cold target system output voltage with component in place

\I

cold target system output voltage with component removed
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Va qg = warm target system output voltage

‘ As seen in Section 6, variance in the input VSWR to the radiometer system will directly
effect the system operation characteristics and therefore system output voltage. The component

being tested will cause a variance in the system input VSWR. It can be seen that

irg! ‘
08 — 9-2 1
Irt =2

where a = “true” component transmissivity

a; = measured component transmissivity per method of Section 7.2.1
| J

Fg = system input VSWK with component in system

r

system input VSWR without component in system
Dependent upon the phase and magnitude relationships of the system input VSWRs, the true

component transimissivity may vary from that measured.

9.1.4 Waveguide Heater, 21 GHz Vertical Channel

The 21 GHz radiometer system exhibited an instrument anomaly, when the vertical channel
waveguide heater was operational the system output radiance rose approximately 6°K. This rise
is constant throughout the cycling of the heater and is presented in all processed data. In as
much as the waveguide heater is operational during all data flights, 6°K is subtracted Jrom the

algorithm derived brightness temperature tor the 21 GHz vertical polarized channcl.

‘ 93 Algorithm Verification

Figure 9=-1 illustrates the SMMR Simulator system outputs after being run through the algor-
ithm as developed in this document. The data plotted in Figure 9=1 are representative portions
of the ground based (*hangar™) calibration tests. It is noted that the algorithm derived brightness
temperatures are in very close agreement with the measured target temperatures in all systems as .

the system operating conditions and physical temperatures are varied.
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The aircraft 45° bank turns remain as the primary source of Cata for verification of the
downlookirg radiometer system's algorithms. As noted in Section 7.2.2.2, the 45° bank turns
permit the downlooking radiometer systems to be nadir viewing which negates all polarization
effects. Thus, the algoritha: “hould provide equivalency between the horizontal and vertical
channel calculated brightness temperatures. Table 9-1 presents calculated brightness temperatures
for three series of 45° bank turns, two over open ocean and one over ice (Pond Inlet).

Dependent upon the sca/ice conditions at the time of the test run and the radiometer sys-
tem’s NEAT. a ditterence of 2°K to 4°K between the algorithm’s calculated brightness tempera-
tures for the horizontal and vertical channels is expected. The 21 GHz and 37GHz radiometer
systems show good consistency /matching between the two channcls, i.e., within the expected
variance range of 2°K to 4°K. The 10.7GHz n diometer system falls outside the *“good” range
with a variance of 8°K to 10°K. It is noted that no antenna pattern perturbations have been

Table 9-1

SMMR Simulator Calibration
45° Bank Turn Calculations/Fall 1978 Mission

10.7GH, 21GHz 37GHz
Day =
Angle H Y A JAngle H Vo A [Angle H \Y A

259 431 9776 112.8 15.0] 43.1 100.2 161.6 461428 1528 1573 4.5
259 433 9713 1153 18.2]1 43.3 1650 1635 211440 1548 1578 30
259 428 9796 1160 18.0] 42.8 1046 163.5 1.1]449 1533 157.6 43
259 444 9846 1150 10.5] 444 166.0 162.3 3.7
259 440 99.01 118 16,1 430 1669 1629 4.0 '
204 45.7 1023 U187 lo.d4] 457 162.0 1o0l.2 0.8[ 451 1083 155.6 12.7
Jod 454 1039 1178 1551 454 1640 160.2 44| 303 1654 1581 7.3
204 46.4 1043 1203 160 464 1043 1619 2.5

Pond Inlet Iee] 436 2286 2371 851435 2504 2498 0.6{43.6 2489 2439 S'EJ
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included in the algorithm development. It is postulated that the 10.7GHz antenna system has
antenna pattern perturbations (decreased beam efficiency, channel cross polarization) which are
at least an order of magnitude greater than in the 21 GHz and 37GHz antenna systems, a suffi-
cient value to require inclusion in the algorithm. Work is being undertaken to include antenna

performance in the algorithm and will be reported at a later time.

Though sets of high altitude and 90° wingover data have been utilized in determining the
algorithm coefficient values, a good check of the model/algorithm is the consistency of the
brightness temperatures calculated from these data. In as much as flight conditions and thereby
instrument environment conditions vary, the consistent values for the calculated brightness tem-

peratures seen in Tables 9-2 thru 9-6 illustrate the accuracy of the model and coefficients.

Table 9-2
SMMR Simulator Calibration
High-Altitude Calculations/Fall 1978 Mission
5
21GHz Uplooker | by | Time Caleulated Tg 21 }
21GH:z 254 43214 3.542 Mean 2.873
21GHz 254 | 43614 4.399 Variance 0.827
(Mean) T
21GHz 254 | 44014 3.299
Variance

21GHz 254 | 44414 3.700 Q2.n 0.8445
21GHz 354 | 44814 2.459
21GHz 254 | 45214 2.624
21GHz 254 | 45614 3.892
21GHz 254 | 50014 1.7511
21GHz 254 | 50414 3.335
21GHz 254 | 50814 2.313
21GH: 254 ) 51214 2.072
21GH: 254 ] Slel4 1.959
21GHz 254 | 52914 2.204
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: Table 9-3
. SMMR Simulator Calibration
High-Altitude Calculations/Fall 1978 Mission

37GHz Uplooker .
Channel Day | Time Calculated Ty 374 }
37GHz 254 | 43214 2.731 Mean 2.464
37GHz 254 | 44014 2.708 Variance | | 98
\ (Mean) '
; « 37GHz 254 | 44414 2.469
.‘_ X Variance 1.103
| 37GHz 254 | 44814 4,297 2.7 ’
; 37GH:z 254 | 45214 2.167
" ; 37GHz 254 | 45614 4.066
{
| { 37GHz 254 | 50414 0.728
37GHz 254 | 50814 0.927
37GHz 254 | 51614 2372 j
37GHz 254 | 52920 2.178
Table 94 :
SMMR Simulator Calibration
10.7 GHz Wingover Calculations/Fall 1978 Mission
Channel Day Calculated Ty 10.7 H \Y
10.7GHz H 181 3.157 Mecan 2.732 2.791
A" 181 0.568
Variance N
107GHz H | 213 5.382 (Meamy | 382 | 1454
Vv 223 2.099
Variance
10.7GHz H 254 4.208 (2.7 2.382 R
\" 254 1.591
10.7GHz H | 258 3.232 .
A% 258 4.208
10.7GHz H 259 3.580
A% 239 4.581 .
10.7GHz H 264 2.230
A% 264 3.642
10.7GHz H 303 <2.663
\" 303 846
102
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Table 9-§
SMMR Simulator Calibration
21 GHz Wingover Calculations/Fall 1978 Mission
Channel Day | Calculated Ty 21.0 H v .
- o
) 21GHz H 223 4.323 Mean 2931 2.756 L
\Y 223 4.367 -
Variance - " b
. 21GHz H 254 6.550 (Mean) 2.605 | 2199 ¥
\Y 254 4.934 I
Variance N - 1¢ b
2GHz H 258 5.650 (2.7) =675 | 2197 ]
\Y% 258 5.266 =
21GHz H 259 3.996 J
Y 259 3.152
21GHz H 264 3.134
Y 204 2152
21GHz H 298 -0.815§
Y 298 -0.803 |
21GHz H 299 1.493
Y 299 1.025 :
21GHz H 301 -0.982 |
v 301 0.642 |
2IGHz H 303 0.395
Y 303 0.298
21GHz H 313 0.327
v 313 1.513
21GH H 3 3.274 |
v 3 3.901 ;
21GHz H EREK! 6.831 |
v KRR 0.570
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Table 9-6 !

SMMR Simulator Calibration t

37GHz Wingover Calculations/Fall 1978 Mission i

j

Channel Day | Calculated Ty 37.0 H v §

LU

37GHz H 192 2.558 Mean 2.666 2.838 i
\% 192 2.269

Variance .
37GHz H 223 -0.991 (Mean) | 2227 | 1830
\Y% 223 2.783
Variance
37GHz H 258 1.963 (2.7 2.221 1.835

\% 258 5.153
37GHz H 259 5.652
\Y 259 3.088
37GHz H 264 4.901
\'% 264 5.188
37GHz H 298 1.609
\" 298 -0.659
37GHz H 299 3422
\Y 299 1.144

37GHz H 301 ~0.304 |
Vv 301 1.992

!
37GHz H 303 5.182
Vv 303 4.582
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