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SECTION 1��

EXECUTIVE SUMMARY��



EXECUTIVE �SUMMARY�1 � 
A two-day �workshop was held at Goddard Space Flight Center, Greenbelt, Maryland, on 11-12�G �

NMay 1977 to respond to the results of inventories of NASA and DoD current sensing technologies and �

the data in terms of future NASA needs. Three working group panels covering the micro›�to assess �

and high-energy particles and fields sensing areas generated prioritized technologies�wave, optical, �
The need for data processing and�;K � and estimated development costs for nineteen sensing systems. �

reliable cryogenics was common to all three areas. �

~X-RAY �

MICROWAVE �

SUBMILLIMETER WAVE TECHNOLOGY �

PHASED-ARRAY ANTENNAS �

MICROWAVE MULTISPECTRAL SCANNERS �

MICROWAVE TRANSMITTER COMPONENTS �

LSI MICROWAVE CIRCUITS �

LARGE REFLECTOR ANTENNAS �

* �MICROWAVE 3-1) HOLOGRAPHY �

$1O.SM �

TECHNOLOGIES/4-YEAR COST RUNOUTS �

ELECTRO-OPTICAL �

IR CCODs (2-30 pm) 

VISIBLE LINEAR ARRAYS �

VISIBLE IMAGERS 

. VIS & IR SPECTROSCOPY 

. TUNABLE LASERS 

ADAPTIVE OPTICS �

& "-RAY, �

PARTICLES & FIELDS �

UV TO Y-RAY SENSORS �

HIGH-PURITY SILICON �

FAR IR (30-1000 pm) DETECTORS �

$18.2M � $1.3M �

No attempt was made to establish priorities among the recommendations of the three panels. �

The total estimated cost for supporting these technology developments 
over the next 4 fiscal years�

0 �
s430M. �

-
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CRITICAL MEASUREMENTS AND SENSOR COMPONENT DEVELOPMENT��

The relationships between the sensing technologies highlighted during the workshop and��
their applications to future NASA needs is shown graphically on the facing page. The three��
spectral regions, starting with the microwave and extending out to the gamma ray regime, are��
coded to show how the sensing components are related to orbital measurement needs. It can be��
seen that research and development of these sensing components will have a broad impact on both��

the exploitation and the exploration of space.��



CRITICAL MEASUREMENTS AND SENSOR COMPONENT DEVELOPMENT 
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SECTION 2��

INTRODUCTION��



2 � INTRODUCTION��

One of NASA’s more important functions is to conduct research and technology development��
programs which will provide more efficient information systems for future missions. The front��

end of such an information system is the sensor and detector subsystem. Much effort has already��

been devoted to the optimization of these subsystems. The following section reviews the efforts��
of three workshops, describes those technology developments that would contribute most to sensor��

subsystem optimization and improvement of NASA’s data acquisition capabilities, and summarizes��

the recommendations of the sensor technology panels from the most recent workshop.��

V��
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2.1 � BACKGROUND��

In March 1977, Mr. Stanley Sadin of the Study, Analysis, and Planning Office and Dr. Bernard��

Rubin of the Electronics Division of the Office of Aeronautics and Space Technology (OAST) initiated��

00 the definition of a workshop on sensing and detection technology. This was to be the third in a� �

C) series of OAST workshops that had taken place in August 1975 and April 1976. The former was a��

Space Technology Workshop held at Madison College, Harrisonburg, Virginia, for a two-week period��

eL starting 3 August. Its purpose was to derive future technology requirements, major thrusts, and��

0 � overall goals from the "Outlook for Space" and projected NASA missions and representative user��

needs. Twelve working group panels were organized by discipline, one of which was the Sensing and��

Data Acquisition Panel. It consisted of nine NASA members representing six Centers and Headquarters,� �

and included expertise in sensing technology ranging from the microwave region out to high-energy��

particles and fields.��

The major � thrusts derived by the Ha’risonbutrg workshop were as follows: (1)provide a ten-fold in›�
0crease in mission output through improved sensing accuracy, resolution, and spectral range by 1985;��

(2)reduce information system cost by I to 2 orders of magnitude through extensive integration of��

sensor and on-board processing technology by 1985; and (3)provide the capability for near real›�

time, low-cost global surveys through multipurpose, all-weather active/passive microwave systems��

w. � by 1990. The relevance of these thrusts was demonstrated by identifying various payload experiments��

and through several examples of payload/major thrusts relationships. The payloads were the primary��

Xproduct of the workshop and were responsive to user inputs as well as possible national space themes��
Z contained in the "Outlook for Space."�
-f 



The second activity was a Space Theme Workshop held at Langley Research Center, Hampton,��

Virginia, 26-30 April 1976. Nearly 100 of the Agency’s top technologists and scientists��

joined with another 35 theme specialists to produce technology projections for three broad-mission��

scenarios (themes). The Sensors Working Group consisted of eleven experts from eight Centers��

and Headquarters; advanced sensing technologies proved to be major drivers for the Space Explora›�

tion and Global Services Themes,and itwas shown that the sensor program would have to be signifi›�

cantly increased to respond to the needs of these themes.��

In order to determine what the status of NASA’s sensing activity was and whether any con›�

tributions might be derived from the Department of Defense’s (DoD) data acquistion program, three��

studies were initiated with the support of the Office of Studies, Analysis, and Planning. One��

M was to inventory all activities within NASA as well as to assess civilian user needs and derive 

a list of sensor technology opportunities. This was conducted by Dr. Robert G. Nagler of Jet 

Propulsion Laboratory, Pasadena, California. The second was to carry out a similar process for 

DoDiand responsibility for this was given to Mr. David Aviv of Aerospace Corporation, El Segundo, 

California. The third was a specialized study involving laser systems, conducted by Dr. E. Gerry 

of W. J. Schafer Associates, Arlington, Virginia. These studies were completed at various periods 

in early 1977 in the form of written classified and unclassified reports. 

In order to apprise the Sensors Working Group of these results, and to derive their evalua›�

tion and prioritization of those sensing technologies that would best contribute to NASA’s future��

mission, a meeting was held at Goddard Space Flight Center, Greenbelt, Maryland, on 11-12 May 1977.� �

The 41 attendees represented seven NASA Centers, Headquarters, and DoD, and included leading��



Drs. Nagler and Gerry and Mr. Aviv presented summary talks��experts in the various �sensing areas. � 

On the second day, the Working Group was divided into three panels that��on their conclusions. � 

were directed to assess the status of microwave, electro-optical, and particles and fields sensing��

Each panel was asked to prioritize within each of the disciplines those technologies�technologies. � 

that were critical to improved capabilities for future missions and to estimate what resources��

would be required to support such programs. These priorities are summarized in Sec. 2.3 and are��

detailed in Sec. 3.��

LO 



2.2 � PROBLEMS IN HIGH-BENEFIT SENSING��
New understanding of physical processes allows us to project new sensor components which��

can provide giant strides inour capability to measure the Earth, planetary, stellar, and inter›�

stellar environment. These potential steps in sensor technology can be organized around measure›�
ment goals which project reasonable steps in increased performance, based on attainment of specific��

economic, social, or scientific benefits. The sensor technology development goals thus can be��
used to focus on funding on major voids in measurement capability or on large gaps between exist›�

ing measurement performance and identified user measurement needs with large economic, social,��

and/or scientific benefit.��

HA � list of measurement goals with high benefit potential and with developmental status war›�

ranting strong research and development investment is provided in Table 1. The Earth observation��
or living space goals are related to development of large increases in our understanding of atmo›�
spheric, ocean, land, and ice dynamics on Earth and the other planets in this solar system, and��

of the influence of these dynamics on the biological viability of crops and people. The stellar��
exploration goals look at the new frontiers -inknowledge. Exploration is key, whether it be for��
new objects, new phenomena, or new intelligences. Cosmic evolution goals look At our own origins,��
both in terms of solar system and galactic evolution. More detailed descriptions of each of the��

%v goals follow. The intended leyel of teghnology step is also indicated in Table 1. "New" means��

that no effort of significance along with line exists. "Jump" means that the technology step is��
d large compared to present capability.��



TABLE 1 

CAST SENSOR TECHNOLOGY DEVELOPMENT GOALS 

CAPABILITY 

STEP EARTH AND PLANETARY OBSERVATION GOALS (LIVING SPACE) 

New Near-Surface Visible and Infrared Sounding (primarily below 100-m altitude) 

Jump Active Visible and Infrared Sensing of Upper Atmosphere Processes 

Jump Data-Processing-Efficient Visible and Infrared Surface Imaging 

Jump All-Weather Day/Night High-Resolution Imaging 

New Microwave Spectroscopy of Stratospheric and Mesospheric Constituents 

New Active Microwave Sounding 

STELLAR EXPLORATION GOALS (THE NEW FRONTIER) 

New Molecular Astrophysics 

Jump Faint Object Astronomy 

Jump Search for Extraterrestrial Intelligence 

Jump Microwave Astronomy 

COSMIC EVALUATION GOALS (inthe beginning) 

Jump Origin of the Solar System 

Jump Galactic Cosmology 



2.2.1 Earth (or Planetary) Observation Goals��

A. Near-Surface Visible and Infrared-Sounding��

To provide the new technology which allows satellite-based measurements of temperature,��

This��pressure, wind, water, and pollutant profiles in the last 100 m above the Earth’s surface. � 

boundary layer regime is the key to many weather, climate, oceanology, and hydrology processes��

with economic and hazard avoidance application; yet, present space-based sensors are unable to��

vertically resolve the detail necessary to achieve the benefits. � Critical developments are needed� 

in low-noise detection of narrowband or spectrally scannable signals, in tunable filters, in tunable��

lasers, in heterodyning and interferometer, and in cryogenics (Electro-Optics Tasks 6, 7, and 9).��

B. Active Visible and Infrared Sensing of Upper Atmosphere Processes��

To develop the continuous-wave laser technology necessary to allow implementation of multiple,��

line pair measures of upper atomsphere species for pollution and electro-chemical processes studies.��

Laser techniques have the potential of making downward-looking and limb-scanning techniques 
for��

measuring upper atmosphere species obsolete due to their ability to control bandwidth and 
to��

Critical developments are needed in compact configurations,�achieve fine vertical resolution. � 

in identifying a wider variety of bandwidths, in tunable laser heterodyne receivers, and in cryo›�

genics (Electro-Optics Tasks 7 and 9),��

C. Data-Processing-Efficient Visible and Infrared Surface Imaging��

To develop the low-noise detectors and detector array concepts which are necessary to inter›�

face with practical on-board data processing and information extraction capabilities. Reduction��

of the potential data glut appears to be an appropriate goal. New high-sensitivity detector��



systems are needed to provide the unambiguous differentiation necessary to allow information��

extraction. Large multispectral arrays are needed to provide the fine-resolution capabilities��

necessary for spatial differentiation. Critical developments are needed in visible and IR CCD��

and other large-array technologies, in low-noise detector materials, and in cryogenics (Electro-�

Optics Tasks 1, 3, 4, and 9).��

D. All-Weather Day/Night High-Resolution Imaging��

To develop microwave receiver sensitivities, antenna sizes, and scan mechanizations which��

allow all-weather, day/night, high-resolution measurements of temperature, winds, water vapor,��

clouds, ice extent, precipitation, etc. in resolutions competitive with the spatial resolution��

capabilities of optical techniques. Most of the world’s weather, climate, ocean-motion, ice,��

.J � etc. are under the cloud cover or night environmental conditions which are not measurable with��

the visible and infrared techniques. Present microwave detector sensitivities, antenna sizes,��

and scanning techniques are unable to achieve the resolutions needed for comparative performance.��

Critical developments are needed in cryogenic detectors, in large deployable reflectors with��

multiple or electrically scanned feed, and in large deployable electrically scanned phased arrays��

(Microwave Tasks 2,,3, 4, and 5).��

E. Microwave Spectroscopy of Stratospheric and Mesospheric Constituents��

To develop receivers which allow the detection of a broad range of microwave absorption��

spectra related to specific atmospheric and surface constituents. This is a new capability made��

feasible-only through recent technology adva-nces. Microwave absorption bands provide a tech›�

nique complementary to the visible and infrared techniques allowing improved resolution of some��



species and’a number of new species not separable with visible_ and infrared. Developments are��

needed in millimeter and submillimeter detectors with low-noise characteristics; cryogenic sup›�

port is needed in many applications (Microwave Tasks 1, 2, and 5).��

F. Active Microwave Sounding��

To develop the active radar techniques necessary to achieve pressure and rain sounding��

in the atmosphere of Earth or of the heavy atmosphere planets. This is a new capability made��

feasible only through recent technology advances. For Earth surface, pressure is of key impor›�

tance to weather forecasting and is not presently measured. Water and other condensates are��

H � of key importance to the meteorology and energy exchange processes of Earth, Venus, Jupiter, 

Saturn, Uranus, and Neptune. Development is needed to produce a wider range of transmitter 

frequencies, to achieve wide-swath scanning with fine resolution from frequencies below L-band 

and up, and to provide low-noise, long-life cryogenic detectors (Microwave Tasks 1, 2, 3, 5, �

and 6).��



2.2.2 Stellar Exploration Goals��

A. Molecular Astrophysics��

To develop the visible and infrared detector sensitivities needed to allow a spectrographic��

survey of the molecular species present in a wide range of stellar objects. This is a new capa›�

bility made feasible by recent technology advances. Molecular surveys allow us to assess stellar��

development, the probability of Earth-like planets, and the potential paths in the development��

of our galaxy. DeVelopments are needed in tunable laser heterodyne techniques, in large adaptive��

optics, and in cryogenic support systems (Electro-Optics Tasks 5, 7, and 9).��

B. Faint Object Astronomy��
kTo develop the visible and infrared detector sensitivities needed to allow study of faint��

celestial objects. This capability would allow detection of a wide range of new objects.��

Developments are needed in visible and infrared detector concepts, in spectral sweep concepts,��

in large IR telescope design, and in cryogenics for both detectors and optics (Electro-Optics��

Tasks 2, 4, 6, 8, and 9).��

C. Search for Extraterrestrial Intelligence (SETI)��

To develop the visible spectrum detectors and collectors necessary to distinguish spectral��

detail of the type either indicative of life or conducive to life as we know it. This requires��

high spectral and spatial sensitivities beyond those presently available. Developments are��

needed in new visible detectors, in large adaptive cryogenic optics and in cryogenics (Electro-�

Optics Tasks 4, 5, and 9).��



D. Microwave Astronomy��

To develop the microwave receiver sensitivities and spectral range necessary to provide��

microwave scanning of the planets and of major celestial objects. The distribution of micro›

wave emission provides critical information on the origin and state of stellar bodies and 

planetary systems and poteRtially’could be a direct indication of life. Developments are needed 

in millimeter and submillimeter detectors and in low-noise microwave multispectral scanning 

components in general (Microwave Tasks 1 and 3) 




























































































































































































































































