Designation

Cambridge Field Station
(CFS)

Air Force Cambridge
Research Laboratories
(AFCRL)

Air Force Cambridge
Research Center (AFCRC)
Detachment 2, Hdgtrs. Air
Force Research Div.(AFRD)

Air Force Cambridge Research
Laboratories (AFCRL)

Air Force Geophysics Laboratory
(AFGL)

Geophysics Laboratory (GL)

Geophysics Directorate (GP)

*The Office of Aerospace Research
**Two Divisions of AFCRL were transfe

Dates

20 September 1945 -

5 July 1949

5 July 1949 -
28 June 1951

28 June 1951 -
2 May 1960

2 May 1960 -
1 August 1960

1 August 1960 -
15 January 1976**

15 January 1976 -
9 March 1989

9 March 1989 -
12 December 1990

13 December 1990 -

Present

DESIGNATIONS, HEADQUARTERS, AND COMMANDS

1945 - 1992

Headguarters Command

Air Technical Service

Command (in 1946 renamed

the Air Materiel Command).

20 Septermnber 1945 - 2 Apnil 1951

Watson Laboratories
Red Bank, N.J.

20 September 1945-
] December 1947

Air Research and Development
Command (ARDC)
2 April 1951 - 1 April 1961

Air Force Research

Division
Office of Aerospace Research
(OAR)* 1 April 1961 - 1 July 1970

Air Force Systems Command
(AFSC) 1 July 1970 - Present

Director of Laboratories,
1 July 1970 - 1 Oct. 1952

Space Technology Center
1 Oct. 1982 - 12 Dec 1990

Phillips Laboratory
13 December 1990 - Present

had command status and reported directly to Headquarters USAF.
rred to jurisdiction of the Kome Air Development Center (RADC) on I January 1970.



PHILLIPS LABORATORY, GEOPHYSICS DIRECTORATE AT A GLANCE, 19935

MISSION: Phillips Laboratory, Geophysics Directorate, is located at Hanscom AFB,
Massachusetts. The Directorate conducts research in five major areas: space physics,
optical/infrared physics, ionospheric physics, earth sciences, and atmospheric sciences. The
Directorate also does work in environmental simulation and data analysis. = The Geophysics
Directorate understands, specifies, and predicts the environment, and with other Phillips
Laboratory directorates, provides technology to mitigate the environmental effects on systems. The
Directorate is the primary environmental science organization in the Air Force and provides
information on systems and environment interactions to both DOD and civilian agencies.

REPORTS (in turn) TO: Phillips Laboratory, Kirtland AFB, NM; Space and Missiles Systems
Center, Los Angeles AFB, CA; Air Force Materiel Command, Wright-Patterson AFB, OH

BUDGET: 101 Million
PEOPLE: 258 Total - 213 Civilians, 45 Military

SPACE PHYSICS: Energetic particle, plasma, electric, and magnetic field space sensors; solar
activity models and simulations; space radiation measurements and models; space disturbance
forecasts; space environment impact on Air Force operational systems

OPTICAL ENVIRONMENT: Atmospheric transmission codes, lidar technology for atmospheric
remote sensing, infrared background phenomenology, targets and backgrounds airborne
measurements, infrared target and background codes

IONOSPHERIC EFFECTS: Ionosphere and neutral atmosphere models; ionospheric scintillation
models; ionospheric disturbance effects on C3I space systems; satellite- and ground-based
ionospheric sensors and measurements; high power RF ionospheric effects; environment
composition surrounding space vehicles; plasma effects on aerospace vehicle signatures and Sensors;
composition of the space vehicle environment; space debris modeling

EARTH SCIENCES: Cryogenic inertial sensors; gravity models; seismology for the detection,
location, and identification of explosions and other global events; seismic hazard assessments

ATMOSPHERIC SCIENCES: Global weather analysis and prediction, theater weather analysis
and prediction, measurement techniques and tailored computer weather assessment models

ENVIRONMENTAL SIMULATION: Simulations of the physical environment and its effects on
system performance and operations, integration and validation of standard atmospheric and space
representations for use in system concept exploration to operations

DATA ANALYSIS: Space science information management systems, scientific visualization
techniques, scene simulations, telemetry data processing, model development and archiving, space
vehicle position and pointing determination

FACILI:I‘IFS (on-site): High Temperature Mass Spectrometer, Data Analysis Facility, Payload
Integration and Test, Comprehensive Weather Satellite Receiving and Processing Facility, Haskell
Observatory (gravity measurements), Satellite Telemetry Processing

FACILITIES (off-site, mobile): Flying Infrared Signature Technology Aircraft, Tethered and High
Altitude Balloon Platforms, Weather Test Facility at OTIS ANG Base, Goose Bay Labrador
Ionospheric Observatory, Optical and Lidar Sounder Sites, Sacramento Peak Solar Observatory
(operated jointly with the National Solar Observatory)



PHILLIPS LABORATORY, HANSCOM AFB AT A GLANCE, 1993

MISSION: Phillips Laboratory is a national leader in space research and development. Phillips Laboratory,
Hanscom AFB, focuses primarily on geophysics - understanding the environment between the earth and sun and
the effects of this environment on military systems. Phillips Lab, Hanscom, also does research on advance
weapons and survivability - understanding how military systems can survive in the space environment; space
missiles and technology - developing technologies that provide options and alternatives for space vehicles; and
space experiments — conducting space experiments to gather scientific data and demonstrate technologies.

REPORTS (n turm) TO: Phillips Laboratory, Kirtland AFB, NM; Space and Missiles Systems Center, Los
Angeles AFB, CA; Air Force Materiel Command, Wright-Patterson AFB, OH

BUDGET: 104.8 Million
PEOPLE: 467 Total - 369 Civilians, 98 Military

SPACE PHYSICS: Energetic particle, plasma, electric, and magnetic field space sensors; solar activity models
and simulations; space radiation measurements and models; space disturbance forecasts; space environment impact

on Air Force operational systems

OPTICAL ENVIRONMENT: Atmospheric transmission codes, lidar technology for atmospheric remote sensing,
infrared background phenomenology, targets and backgrounds airborne measurements, infrared target and
background codes

IONOSPHERIC EFFECTS: Ionosphere and neutral atmosphere models; ionospheric scintillation models;
ionospheric disturbance effects on C3I space systems; satellite- and ground-based ionospheric sensors and
measurements; high power RF ionospheric effects; environment composition surrounding space vehicles; plasma
effects on aerospace vehicle signatures and sensors; composition of the space vehicle environment; space debris
modeling

EARTH SCIENCES: Cryogenic inertial sensors; gravity models; seismology for the detection, location, and
identification of explosions and other global events; seismic hazard assessments

ATMOSPHERIC SCIENCES: Global weather analysis and prediction, theater weather analysis and prediction,
measurement techniques and tailored computer weather assessment models

ENVIRONMENTAL SIMULATION: Simulations of the physical environment and its effects on system
performance and operations, integration and validation of standard atmospheric and space representations for
use In system concept exploration to operations

DATA ANALYSIS: Space science information management systems, scientific visualization techniques, scene

simulations, telemetry data processing, model development and archiving, space vehicle position and pointing
determination

AEROSPACE ENGINEERING: Payload design, telemetry, command and recovery systems; data-handling
techniques for experimental payloads on balloons, rockets, satellites, and shuttle

SPACECRAFT INTERACTIONS: Optical sensing of spacecraft environment interactions, foreign spacecraft
mission and payload identification, space object characterization using passive discrimination techniques,
contamination effects minimization on spacecraft, space environment effects assessment on satellites

RADIATION HARDENED ELECTRONICS: Radiation damage in electronic devices, materials and integrated
circuits; device development to improve tolerance to space radiation and single event upsets

FACILITIES (on-site): High Temperature Mass Spectrometer, Data Analysis Facility, Payload Integration and
Test, Comprehensive Weather Satellite Receiving and Processing Facility, Linear Accelerator, Dynamatron
Accelerator, Haskell Observatory (gravity measurements), Satellite Telemetry Processing

FACILITIES (off-site, mobile): Flying Infrared Signature Technology Aircraft, Tethered and High Altitude
Balloon Platforms, Weather Test Facility at OTIS ANG Base, Goose Bay Labrador Ionospheric Observatory,

Optical and Lidar Sounder Sites, Sacramento Peak Solar Observatory (operated jointly with the National Solar
Observatory)



PHILLIPS LABORATORY/GEOPHYSICS DIRECTORATE

History

The Geophysics Directorate of Phillips Laboratory, which was formed on
13 December 1990, traces its origins back to 1947. In a 26 March 1947 directive
General Curtis LeMay at Army Air Forces Headquarters ordered the Air Materiel
Command (AMC) to assume responsibility for research and development in

meteorology and related geophysical fields in the Air Force.

The responsibility for meteorological R & D had previously been delegated to the
Air Weather Service, and so trained AWS personnel were transterred over to AMC.
The Air Materiel Command immediately established an Atmospheric Laboratory
as part of its Watson Laboratories in Red Bank, New Jersey.

This unit moved to Cambridge, Massachusetts, in November 1948 where it joined
an existing electronics research group which had been recruited from the MIT
Radiation Laboratory and Harvard’s Radio Research Laboratory at the end of
World War II. These two units became, respectively, the Geophysics Research
Directorate (GRD) and the Electronics Research Directorate (ERD) under the Air
Force Cambridge Research Laboratories (AFCRL).

Until the 1950s the laboratories were quartered in rented industrial space in
Cambridge and Boston. Between 1954 and 1961 they gradually moved out to newly
constructed permanent facilities at Hanscom Air Force Base, Bedford, MA. In 1976
the two electronics research laboratories were reassigned to the Rome Air
Development Center (RADC) at Griffiss AFB, NY, and the eight geophysics
laboratories of AFCRL were redesignated the Air Force Geophysics Laboratory
(AFGL).

In December 1990 AFGL, together with the Air Force Weapons Laboratory and the
Air Force Astronautics Laboratory (formerly the Rocket Propulsion Laboratory),
were merged to form the new Air Force Phillips Laboratory (PL). Phillips

Laboratory has its headquarters at Kirtland AFB, NM, and is managed by the Space
and Missiles Center (SMC), Los Angeles, CA.

In the late 1940s the initial programs of the Geophysics Research Directorate
focused on 1onospheric propagation, meteorology, upper atmospheric and solar
research, seismic-acoustic propagation, and rocket and balloon technology. By the
1960s GRD had also expanded mto optical/infrared studies, space physics, satellite
meteorology, geodesy and gravity, and technology for scientific payloads in space.

The programs conducted by the Directorate range from laboratory research and
field measurements to theoretical studies, analyses, and modeling. In order to
conduct geophysical field programs it maintains specialized mobile equipment, off-
site facilities, and memoranda of understanding for support at a variety of global
locations. The technical staff of the Geophysical Directorate currently consists of

231 assigned scientists and engineers (including military) of whom 99 have their
doctorates.

December 1992
RPL
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GEOPHYSICAL RESEARCH AND DEVELOPMENT IN THE AIR FORCE:

A HISTORICAL PERSPECTIVE

The Army Air Forces set up the Cambridge Field Station (CFS) at 224 Albany St.,
Cambridge, Massachusetts, to continue radar and electronic research after the war.

CFS scientists launched the first of the Air Force’s V-2 rockets, which carried
instruments to probe the upper atmosphere.

In response to a directive from Army Air Forces Headquarters, the Air Materiel
Command set up a Geophysics Research Division within its Watson Laboratories

in New Jersey.

The Geophysics Research Division moved to the Cambridge Field Station from
Watson Laboratories, New Jersey, joining CFS’ Electronics Research Division.

The Cambridge Field Station was renamed the Air Force Cambridge Research
Laboratories (AFCRL).

The Air Force announced that AFCRL would remain in the Boston area.

AFCRL became the Air Force Cambridge Research Center (AFCRC) and landlord
of Laurence G. Hanscom Field, Bedford, Massachusetts.

The AFCRC laboratories began their move out to new permanent quarters at
Hanscom Field.

Scientists at AFCRC began the first program of chemical releases to study the upper
atmosphere.

The first successful U.S. satellite, Explorer 1, carried an AFCRC micrometeorite
detector.

An AFCRC-designed rocket monochrometer made the first scans of the sun’s extreme
ultraviolet spectrum that gives rise to the Earth’s ionosphere.

AFCRC became the Air Force Cambridge Research Laboratories (AFCRL) for the
second time and a tenant at Hanscom Field.

Meteorologists at AFCRL made the first analysis of weather data from a satellite '
(TIROS 1).

Another "first"--a layer of stratospheric aerosols was named the Junge layer after the
AFCRL scientist who discovered it.

tor Project Fishbowl in the Pacific, 247 Laboratory personnel and contractors
gathered to study the effects of nuclear detonations on radio propagation and on
optical systems. This was AFCRL'’s largest logistics operation.

While measuring lunar x-ray fluxes, an AFCRL scientist unexpectedly detected
galactic sources of x-rays.
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An AFCRL 'first"--scientists measured positive ions in the D-region, reshaping
notions of the region’s chemistry.

Earth scientists at AFCRL successfully bounced a laser beam off a satellite, marking
the debut of satellite laser geodesy.

Another AFCRL "first"--scientists measured negative ions in the D-region of the
upper atmosphere.

AFCRL sponsored the pioneering Aspen Conference on Fourier Spectroscopy.

The first edition of AFCRL’s LOWTRAN code for modeling atmospheric
propagation was published.

In a record-setting performance, AFCRL launched a 47.8 million cubic foot, single-
cell balloon to an altitude of 170,000 feet.

Another AFCRL "first"--scientists measured auroral infrared excitations durnng the
ICECAP Program.

AFCRL became the Air Force Geophysics Laboratory (AFGL).

AFGL’s cloud physics aircraft completed six seasons of meteorological support for
missile reentry tests in the Paclfic.

Meteorologists used Doppler radar technology developed at AFGL to greatly improve
the detection and tracking of tornadoes.

AFGL launched its one-thousandth sounding rocket.

Earth scientists tested a new system for surveying. Utilizing satellite interferometry,
they achieved accuracies to within centimeters.

Space physicists at AFGL successfully tested a new device to deal with spacecraft
charging at geosynchronous orbit.

The Laboratory was assigned to the newly formed Air Force Space Technology
Center (AFSTC).

An AFGL "first"--an ultraviolet sensor aboard the HILAT satellite obtained the first
high quality images of the aurora in full sunlight.

lonospheric physicists at AFGL characterized alternating structures of irregularities
that appear in the polar ionosphere.

AFGL completed a statistical atlas of auroral electron precipitation for use by
spacecraft designers.

The Laboratory resumed management of research on seismic techniques for detecting
underground nuclear blasts.

AFGL flew a 100,000 cubic foot tethered balloon up to the record-breaking height
of 22,500 feet above mean sea level.



1988 Another AFGL "first"--the ECHO-7 rocket experiment imaged an electron beam
spiraling up one of the Earth’s magnetic field lines.

1989 AFGL was redesignated the Geophysics Laboratory (AFSC).
1990 The rocket-borne EXCEDE III expeniment simulated nuclear-induced effects in the
upper atmosphere.

GL’s Space Radiation Effects (SPACERAD) experiments were launched on the

USAF/NASA Combined Release/Radiation Effects Satellite (CRRES) and made
new breakthroughs in the study of space radiation.

On 18 December the Geophysics Laboratory became part of the Air Force’s new

Phillips Laboratory. The majority of its former technical divisions was organized into
a Geophysics Directorate (GP).

1991 Another "first"--GP scientists made the first identification at the earth’s surface of
solar neutrons in association with relativistic solar protons.

The Space Shuttle Discoverer, STS-39, carried GP’s Cryogenic Infrared Radiance

Instrumentation for Shuttle (CIRRIS 1A) and several other highly successful infrared
background experiments.
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' Atmospheric
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‘Technology Transfer
Opportunities

United States Air Force

Phillips Laboratory

Geophysics Technology Division
Plans and Programs Directorate
29 Randolph Road

Hanscom AFB, MA 01731-3010
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{ Technoloagy f

| Terrestral Effect on
| AF Operations

| Instrumentation Systems |

TECHNOLOGY AT PHILLIPS LABORATORY

HANSCOM AFB, MA

AIR FORCE MATERIEL COMMAND

PROJECT NAME

Space tfifects on
AF Systems

loncsphenc Impact on
AF Systems

Optical/lR Systems

Weather Impact on
AF Mission

1

Aercspace

Multispectral Sensing

of Spacecraft Signatures |

i
:

Hadiation Hardened J

and its effect on RF propagating
systems

celctronics

DESCRIPTION

F

Sensors and software to measure |
and predict space environment
and space system environment

interactions |

Sensors and software to measure
and predict theearth's ioncsphere

Sensors and software to measure
and predict the IR signatures of
targets and atmosphenc/celestial
backgrounas

Sensors and software to measure,
credict, process, and display weather

Sensors and software to measure
earth, motions, gravity, pcsition
and distance

1

Hardware to acguire, store, process
and display data from rocket,
balloon, and satellite expernments

Capability for identifying space
object mission and payload,
state-of-the-ant, multispectral
(UV-visible IR) sensors to defect
signatures.

Matenal, techniques, and design
methods to increase the availability
of high performance radiation
resistant circuits

PROJECT LEADER

Ms Rita C. Sagalyn

Dr Paul Kossey

Dr Roger Van Tassel

Dr Robert McClatchey

Mr James Battis

Mr Neal Stark

Mr Charles P Pike

Mr Walter M. Shedd

m—_——————————_———————.——-ﬂ

l
i

!
TELEPHONE

(617)377-3226

(617)377-2860

(617)377-22851 [

(617)377-3004

(617)377-3177

(617)377-4051




PROJECT OUTLINE

GOVERNMENT LABORATORY NAME:

~hillips Laboratory (AFMC)

~ROJECT NAME:

=fiects on Air Force Systems

U)
(D

°"ROJECT LEADER:

~ita C. Sagaivn

Space envircnment on Alr Farce

()

1ne General objective is o define the impact of the Ezrth

M N,

Na o achieve a capabiiity for specifving, prediciing, mitigating, and =XDICIING the sfiects

(/)
p)
(

=i R = g |
-0 IN€ soace environment which can disrupt or degrade Air Force Operzational Svsiems. Witnin this
Jojective there are three major science and tecnnology areas: Raciation Effacts Characterization,

""'-ﬂlurli_'\

~=ar~= Wiaa+mar Q s~ oA ~ A~
cace Weatner Speciiication/Forecasting, and Scacs Systems Environment Intsraciions

POTENTIAL COMMERCIAL USE:

ScNSORS TO MEASURE SPACE ENVIRONMENT

SOFTWARE TO SPECIFY AND PREDICT SPACE ENVIRONMENT FOR DESIGNING
~AND OPERATING SPACE SYSTEMS

SPACECRAFT CONTAMINATION PREDICTION SOFTWARE
COMPACT (SPACECRAF 1) ENVIRONMENTAL ANOMALIES SENSOR
SPACECRAFT CHARGE CONTROL SYSTEM




PROJECT OUTLINE

SOVERNMENT LABORATORY NAME:

t .y
~—

—hiilips Laboratory (AFMC)

“ROJECT NAME:

ioncsonenc Impact on Air Force Sysiems

“ROJECT LEADER:

Ur. Paul Kossey

IVISION:

ine cbjective is o deiine the physical and chemical charzcieristics of :he ionosgnere and to
erscanding of how it affects the propag i
nclude, ioncscheric composition and cynamics, ionospheric disiurcancss,

ral pariicle characterstics anc

ztiicn of :‘:CU’&._I“LC:"’PEEIC et

a—

Tects, ionaspheric circulation, chnerged/neutra
plicn, and uppe!

=Clions, ionospheric modifications. ultraviolet emissiors anc:' 2DS

=imaspnenc density variations.

n""l

ENT STATUS:
[LE PULSE IONOSOUNDEF{ AND INERTIAL NAVIGATION SYSTEM DATA INTERFACE

'OTENTIAL COMMERCIAL USE:
=AOUND, AIRCRAFT AND SATELLITE-BASED IONOSPHERIC SENSORS

AASS SPECTROMETERS
'JO?\NARE 10O SPECIFY AND PREDICT IONOSPHERIC CONDITIONS AN

OMM. ULTRA VIOLET SENSORS
.._-."DARS, ENVIRONMENTAL MONITORING

—

rZ2Clgticn. Tne

(1)

<

D METECR BURST



PROJECT OUTLINE

OVERNMENT LABORATORY NAME:

(1)

SUILLIPS LABORATORY (AFMC)

-_—

~ROJECT NAME:
OPTICAL/IR SYSTEMS TECHNOLOGY

“ROJECT LEADER:
DR. ROGER VAN TASScL

JIVISION:

ine general otjective is to measure and prec:lc.. ine optical anc infrared gecohysical environmen
=NC [is enects on Air Force and DoD surveillance, reconnaissance, and weapens guidance

svsiems. Within this cbfective there are six maier research areas: "arget Detection Technolegy,
~iroeme infrared Mezsurements, Auroral/Airgiow/Nuciear Atmes rc Sackarouncs, IR

=
~Imcspneric Processes and Backareound Codes, Infrared Celestial Backdrounds, and Atme CSohEric
~ropageation Studies.

SATENT STATUS: ..
_OWTRAN 7 COMPUTER CODE
~“ADAMARD SPECTROGRAPH

“OTENTIAL COMMERCIAL USE:

ScNSORS
ATMOSPHERIC TRANSMISSION SOFTWARE

2 TARGET AND BACKGROUND SIGNATUR;
IDARS

55

1}

m
_§

EASUREMENTS AND PREDICTION SOFTWAR

[T




PROJECT OUTLINE

SOVERNMENT LABORATORY NAME:

=hillios Laboratory (AFMC)

PROJECT NAME:

Wezther Impact on Air Forces Mission

"ROJECT LEADER:

DOr. Robert A. McClaichey

HVISTON:
SLUIGPA

F DESCRIPTION:

The general objective is to develop predictive and descriptive models ot ihe aimaspnere irom the
ir.:'t:al to the microphysical sczle and 1o iImprove sensars and technNIQUES 10 MESSUrs
nviranmental parameters both in-situ and remctely from the ground, from aircran and Tom

s=tel llt—e clefiorms.

(

SATENT STATUS:

RTICULATE MASS MEASURING AFPARATUS
| EA.EN RATE METER -
—SEAVY RAIN RATE
SNOW SCALE/RATE METER
"RECIPITATION FALL VELOCITY INDICATOR/VIEWER
APPARATUS FOR CONTINUQUSLY INSPECTING PHYSICAL CHARACTERISTICS OF
~ARTICULATE MATTER
~ROCESS FOR ELIMINATION OF NOISE FROM DATA

SOTENTIAL COMMERCIAL USE:

ME TZOROLOGICAL SENSORS (GROUND AND SATELLITE-BASED)
SOFTWARE TO SPECIFY AND PREDICT WEATHER CONDITIONS
WEATHER INFORMATION DISPLAY TECHNOLOGY

AUTOMATIC WEATHER DATA PROCESSING SOFTWARE
WEATHER SIMULATION SOFTWARE




PROJECT OUTLINE

GOVERNMENT LABORATORY NAME:
~hiilips Lzboratory (AFMC)

PROJECT NAME:

Terresiial Effects on Air Force Operations

PROJECT LEADER:

Mr. James Battis

JIVISION:

I —— i

3niEF DESCRIPTION:

—— ¥ [ "

'Ne general objective Is tc aavance technaclogy In the areas of gecdesy, gravity, seismology, and

ceocynamics to salve Air Forcs problems in navigation, guidancs, inertial testing, mction-sensitive
nswumeniaiion, and nuclear test monitoring.

“ATENT STATUS: i
>ciSMO ACOUSTIC DETECTION, IDENTIFICATION AND TRACKING OF STEALTH AIRCRAFT

“OTENTIAL COMMERCIAL USE:
CRAVITY SENSORS
GRAVITY DATA PROCESSING SOFTWARE

NESTIAL AND ASTRONOMIC POSITION DETERMINATION TECHNIQUES

=ARTH MOTION SENSORS AND PREDICTION TECHNIQUES
CRYOGENIC INERTIAL SENSORS

~RECISE BASELINE DETERMINATION USING GPS




PROJECT OUTLINE

GOVERNMENT LABORATORY NAME:

~hiilips Lzboratory (AFMC)
PROJECT NAME:

Aerospace Instrumentaiion Sysiems

PROJECT LEADER:

vir. Neza| Stark

S®1SION:
= f\__,;{lﬁ

SRIEF DESCRIPTION:

i ne goal Is {o cevc’oo Siate-or-the-art Insuumentation to control and acguire data rom souncing

¥
p— | = =

roCk&et anda satellite flignts. [hese are two sgecific oojectives. Flignt Insirumentaiion Sysiems is

| L —

concemed with Improving state-or-the-art capabilities for acguiring and storing caiz on-board flicht

sg;staams Ground instrumentation Systems cevelops state-or-ihe-2rt improvements in siationary
=Ma ponable elemelry receiving, processing, iracking and display.

“~OTENTIAL COMMERCIAL USE:

SMALL, RUGGED, HIGH DATA RATE/CAPACITY LOW POWER DATA ACQUISITION SYSTEMS
STATIONARY AND PORTABLE TELEMETRY AND TRACKING SYSTEMS




PROJECT OUTLINE

SOVERNMENT LABORATORY NAME:
=hiilics Lzboratory (AFMC)

ROJECT NAME:

Multispectral Sensing of Spacecrait Signaiures

st

‘ROJECT LEADER:

Mir. Charles P Fike
HVISTON:

LAWESSI

AIEF DESCRIPTION:

-roject objective is o provide a capabiiity Tor identitying spacs aobjects in te
“avicad tnrougn the use of siais-of-the-art, multispeciral (UV-visitle IR) sen
signaiures.

mission end

(I

Anpishe,
rs

h 1
det

@]
*o d

(I} =1

ATENT STATUS:
NONE

‘OTENTIAL COMMERCIAL USE:

ZROUND/SPACE-BASED MULTISPECTRAL SENSORS FOR (1.) REMOTELY OBSERVING

SATELLITE HEALTH AND STATUS AND STATUS AND ASSESSING OPERATIONAL ANOMALIES
2.) REMOTE SENSING OF ATMOSPHERIC COMPOSITION AND EARTH RESOURCES. |

sPACECRAFT CONTAMINATION PREDICTIVE SOFTWARE FOR SATELLITE DESIGNERS AND
JPERATORS.




PROJECT OUTLINE

GOVERNMENT LABORATORY NAME:
Phillips Laboratory (AFMC)

PROJECT NAME:

Radiation Hardened Electronics

PROJECT LEADER:
Mr. Walter M. Shedd

DIVISION:

BRIEF DESCRIPTION:

Tne goal or the program is the demonsiration of key technologies to maximize the radiation
resistance of eletronic devices and integrated circuiis for apolication in space systems. This
includes the use of improved materials, processing techniques and circuit design methods tc
snnance the availabiiity of nigh performance radiation resistant circuits. The efiort also includes the
study of the basic interactions of radiation with electronic materials and devices, including
dosimetry, radiation induced defects in semiconductors and the mechanisms of energy depaosition
in electronic materials. Radiation test facilities are available to evaluate the radiation hardness of
test cevices and prototype integrated circuits.

PATENT STATUS:
NON

[T]

POTENTIAL COMMERCIAL USE:

COMPONENTS FOR SATELLITE SYSTEMS
DIELECTRICALLY ISOLATED DEVICES FOR HIGH SPEED, HIGH DENSITY CIRCUITS
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FOREWORD

We feel it is important to document and publicize the total number of
actual transitions from Phillips Laboratory (PL/GP) to users which take place
during a given time period, especially with the increasing emphasis in Air Force
Materiel Command (AFMC) on technology transition (T2) as a measure of a
laboratory's performance. Documenting transitions of major "pieces" of geophysics
technology, be it hardware or software, that occur in a fiscal year is relatively
easy. However, there are many other unheralded but nonetheless important
technology transitions that also occur. This sixth annual report was prepared
with the goal of also making these other transitions known to higher
headquarters.

We believe that the three program elements (PE 62101F, PE 63410F, and PE
63707F) and the several PE 61102F tasks that PL/GP manages are prolific producers
of technology needed by the Air Force and the Department of Defense. Over 70%
of the FY92 technology transition events documented in this report were produced
by these PEs, whose FY92 funding totaled a modest $61M (giving credence to the

statement that PL/GP manages the technology transition process very well). Capt
Edward Harrison, USN, responsible for environmental sciences R&D in the Office
of the Undersecretary of Defense, Research and Engineering (1987), said,

"PE 62101F is the single most important PE in DoD in the environmental
sciences. It has the greatest payback; it is clearly solving requirements and
is of great breadth and scope."

Prepared by:

Mr. Charles C. Gallagher
Technology Transition Manager
Geophysics Division (XPG)
Plans and Programs Directorate
Phillips Laboratory

DSN: 478-3606

April 1993
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EXECUTIVE SUMMARY

This is the sixth annual report that documents the total number of
technology transitions (TZ) to users, both major and minor, that the three
Phillips Laboratory (PL/GP) "geophysics" program elements (PE 62101F, PE 63410F,
and PE 63707F) produced in FY92. Also included are transitions produced by PE
61102F "geophysics" tasks that we manage for the Air Force Office of Scientific
Research (AFOSR), and technology transitions developed from customer dollars.

This is also the second Technology Transition Report since the Geophysics
Laboratory (GL) became the Geophysics Directorate (GP) of the newly formed
Phillips Laboratory (PL). With this change, the Aerospace Instrumentation
Division and the Spacecraft Interaction Branch of the Space Physics Division,
both part of GL, became aligned with other directorates within PL. As a result,
their technology transitions are no longer chronicled in this series of reports.

Seventy-six events in FY92 met our stringent criteria for technology
transition; i.e., the technology was actively "moved" by PL/GP personnel to a
DoD or NATO organization, and that organization is using or has firm plans to
use the technology. Excluded were routine technical consultations that PL/GP
regularly provides to users of geophysics technology. Technology moved to non-
DoD government organizations has been excluded from this report but will Dbe
catalogued separately under "Technology Transfer" along with the technologies
moved to the non-government sector.

The reason for the large number of technology transitions is twofolad:
geophysics technology is inherently easy to transition, and PL/GP uses
particularly effective technology transition mechanisms.

There are five reasons why geophysics technology is relatively easy to
transition:

- Most geophysics technology is design information or techniques, instead
of hardware which is much riskier and thus, more difficult to transition.

- Geophysics technology is unique information sought after by the design
community.

- Geophysics technology is mostly a response to more easily transitionable
requirements pull, not technology push.

- Funding for geophysics has been leveraged with customer funding, thereby
giving the user a stake in the technology and helping to ensure 1ts
transition.

- A significant portion of geophysics technology goes directly from 6.1,
6.2 or 6.3 programs to operational commands without having to be accepted
by a product division.



There are several effective mechanisms that PL/GP employs to ensure that
the technology produced is used. An important one is a "people-bridging"
mechanism based on the fact that one of our biggest customers is Air Weather
Service (AWS). Many former AWS of ficers and current AWS reserve officers are
employed at PL/GP or under PL/GP contracts, and are involved in producing AWS-
needed technology. Working level relationship between AWS and PL/GP are also
encouraged through the unique AWS Geophysical Requirements (GR) process. AWS uses
the GR process to document and prioritize 1ts technology needs, and PL/GP uses
it to guide its investment strategy. Progress on GRS is reviewed annually by AWS
and PL/GP commanders and their staffs at AWS/GP Forums, which have been held
since 1971. The GRs are based on operational requirements for geophysics
technology surfaced by scientific officers that AWS assigns to the staff of every
Air Force operational command. A more recent (1986) T° mechanism that PL/GP and
AWS have jointly developed is the AWS/GP Technology Transition Working Group.
This group meets twice a year to develop plans and strategies to transition
computer algorithms from PL/GP 6.1/6.2/6.3 programs to operational use at the
Air Force Global Weather Central (AFGWC) and the Air Force Space Forecast Center

(AFSFC) .

Other effectivefﬁzwechanisms involve technology brokers who both actively
market geophysics technology and help to determine technology requirements. We
have brokers of geophysics technology in the staff meteorologists (STAFFMETs)
assigned to every Air Force Materiel Command (AFMC) product division, test and
launch center, and laboratory. The STAFFMETS can be thought of as an extension
of PL/GP, marketing GP technology and surfacing geophysics technology

requirements.

Establishing long-standing working and management level relationships with
product division system program offices (SPOs) is another mechanism successfully
employed by PL/GP. A prime example 1s our relationship (and MOA) with the SMC
Defense Meteorological Satellite Program (DMSP) SPO. That relationship enables
PL/GP and DMSP to pre-agree and jolntly fund technology needs so that when the
technology is produced, it readily transitions.

PL/GP uses Technology Transition Plans with product divisions for PEs
63410F and 63707F. In addition (working with HQ USAF and AWS) we have developed
a "built-in" mechanism for T° in PE 63707F. Since 1986, the PE 63707F Program
Management Directive (PMD) has provided specific funding and direction for
transitioning environmental specification and forecast techniques developed under
PE 62101F.

A long-standing mechanism for the transfer of geophysics technology has
been the Handbook of Geophysics and the Space Environment, first published 1in
1957. The latest edition, published in 1985, compiles what is known about the
geophysics environment into one document specifically tailored to the special
needs of the Air Force.
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Finally, a key to our success in transitioning geophysics technology 1is
the "hand-holding" activities that PL/GP conducts which are needed to make 7%
work. We simply do not just publish a geophysics technical report and assume that
technology transition will occur by somebody reading the report. Instead we work
hand-in-hand with the customers of geophysics technology, right from the
requirements definition stage all the way to operational implementation of the
technology. In this way, we nurture the "fragile" transition process and solve
any problems the customer has with the new geophysics technology.

The 76 technology transitions that occurred in FY92 were analyzed by
technology type and thrusts. Fifty-one percent of the transitions consisted of
specifications or information on the environment used to help design or operate
Air Force systems, Thirty-eight percent were models, software, and algorithms
to design or support systems operations, and eleven percent were hardware items.
Technology transitions that commenced prior to FY92 and continued into FY92 were
not included in this report unless there were new customers.

The FY92 technology transitions provided more than 109 technology
contributions because individual technology transitions often went to multiple
users. Air Force organizations received 69% of such contributions; the Strategic
Defense Initiative Organization 8%; and the Defense Nuclear Agency, Defense
Mapping Agency, Army, Navy, DARPA, other DoD and the North Atlantic Treaty
Organization received the remaining 23%.

Included in the report are several specific examples of FY92 technology
transitions chosen to show the breadth of geophysics technology transition. These
were drawn from "big" and "small" technology contributions, different technology
types, and different users.
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1. INTRODUCTION
This report documents the transition of technology from Phillips
Laboratory, Geophysics Directorate (PL/GP) to the Air Force, other Department

of Defense (DoD), and North Atlantic Treaty Organization (NATO) users that
occurred during FY92. Classified program transitions are not included. Appendix

A forms the basis of the report. It is a chronological compilation of the
transitions occurring during the period of 1 October 1991 to 30 September 1992.
A total of 76 events are listed in Appendix A.

For some events the date listed is the first date during FY92 on which the
technology transition occurred even though additional technology transitions of
the same technology to the same user may have also occurred on other dates in
FY92. These later transitions are not counted as additional T° events for this
report. Similarily, transition of the same technology may have occurred to more
than one user. These are also counted as only one event. The date listed is the
date when the technology was transitioned to the first user.

In addition to listing the date and the technology that was transitioned,
Appendix A also lists the PL/GP organization(s) responsible for the transition
(an organization chart is included in the back of the report), the user(s), the
payoffs to the user, and the "wellspring" program element (PE). This last item
is meant to give due recognition to the three program elements (PE 62101F,
63707F, and 63410F) and PE 61102F tasks that PL/GP manages even though the effort
may also have received funding from other sources. The criterion used to assign
a wellspring PE is that if the technology transition came about because PL/GP
has had a 6.1, 6.2 or 6.3 program in that technology area, then the GP program
element is listed; if not, another PE is listed.

For this report a technology transition event is defined as having occurred
when there is an active transfer of technology between PL/GP and DoD users of
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that technology. Also, the user has made, is making, or has firm plans to use

this technology. Excluded are technical consultations that PL/GP regularly

provides to users of geophysics technology.

Section 2 gives more detail on what we view technology transition to be.

Formerly, technology moved to non-DoD government users was included in the

Technology Transition (Tz) report, but, since FY90, it has been documented

separately under "Technology Transfer" along with transfers to non-government

recipients.

Section 3 presents a summary of the mechanisms that PL/GP uses to manage
the technology trainsition process effectively.

Section 4 is an analysis of the FY92 technology transition events in terms
of what kind of technology was transitioned, who the FY92 users of PL/GP
technology are, and which PL/GP major thrusts are producing the technology.

Appendixes B,C, and D provide the data to support this analysis.

Examples drawn from Appendix A make up section 5. Here we not only
highlight some of our most signific&nttﬁievents, but also the less "glamorous",

though often equally important ones, to show the breadth of PL/GP technology

contributions.

2. WHAT IS TECHNOLOGY TRANSITION?

The laboratory community often takes a restrictive, narrow view of
technology and the technology transition process. Technology is wusually

considered an object, i.e., hardware. More recently, the notion that technology

can also be software has been accepted, but we really should take the much

broader view that technology is really know-how and information generated by a

laboratory R&D program. Technology transition is more than just specific 1tems
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of hardware and software. This broader definition is legitimate because the know-
how and information that we transition are used to satisfy technology
requirements. We use this broader view for this report.

Our customary view of the technology transition process is also a narrow

one. We often have the notion that technology transition is a linear batch
process, that 1s, a hand-over of technology occurs at set times as technology
moves from 6.1 to 6.2, to 6.3, to 6.4, and finally to system production. Some

transition of laboratory technology occurs that way; but most sucessful

transitions occur as part of a technology flow process —-- a continuous, parallel
process =-- with many 1interactive loops between users and developers of
technology.

Geophysics technology and, in particular, its transition, exhibit the
latter traits of a continuous, parallel process. Most geophysics technology 1is
neither hardware nor software (as Section 4 will show), but is information about
the natural or nuclear-disturbed environment that is needed to design systems
to operate 1in or exploit the environment. Most often that information 1s
generated within our 6.2 program element (PE 62101F) and goes directly to a user
rather than to a 6.3 program element. Our relationship with users 1s often a
close and interactive one with "pieces" of geophysics technology being
continuously transitioned for use. The time interval between development and use
of geophysics technology is usually on the order of 5 years or less, much less
than the typical 15 years found in the more hardware oriented technologies. This

means we actually put "rubber on the ramp" faster!
We agree that geophysics, for the most part, does not produce revolutionary
technology. Most geophysics technology is unglamorous; but we should keep 1n

mind that because America has been so accustomed to expecting high technology

3



to increase our military capabilities, we often overlook the significant military
contribution that low and unglamorous technology has made and continues toO make.

3. HOW PL/GP MANAGES THE T° PROCESS

Trangition of technology from the developer to user has been traditionally
difficult in both the commercial and government sectors. Fom'Tz'tO*work well, an

organization needs to use non-traditional mechanisms that have proven to be

successful.

First of all, an organization's mindset has to change from regarding T° as
a simple one-time linear hand-over process between developer and user, toO
regarding T2 as a continuous, hand-holding, iterative, technology flow process
from initial technology program planning to operational implementation of the

technology. T° is really a contact sport! PL/GP has and is effectively playing

this sport, as will be illustrated with examples shortly.

3.1 GEOPHYSICS IS "EASY" TO TRANSITION

° mechanisms that PL/GP uses, 1t

Before discussing the various sucessful T
must be pointed out that geophysics technology 1is inherently a relatively "easy"
technology to transition. There are several reasons for this. One 1is that
geophysics technology is generally not "hardware" technology. New hardware
technology is often difficult to transition because it generally introduces
uncertainty/risk into programs, and program managers dislike risk.

The second reason is that goephysics produces unique data and models that
define the environment in which military systems operate. This information 1is
usually needed by the military system design community, and 1is generally not

available anywhere in the commercial sector or in other Air Force laboratories.
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A third reason that makes geophysics technology "easy" to transition 1s
that, for the most part, geophysics technology is a response to requirements-
pull rather than technology-push, that is, geophysics technology 1s produced

mostly in response to the design or operational needs of current, planned, or
conceptual systems. As past research in the area of technology transition has

shown, requirements-pull technology is much more apt to transition than
technology-push technology (at least within a 20-year period following the
development of the technology). In addition, the elapsed time from the start of
a technology development program to technology use will be much shorter for a
requirements-pull technology.

A fourth reason is that geophysics program elements have historically been
low funded vis—-a-vis requirements for geophysics technology. This has forced
PL/GP geophysics technology managers to actively seek and obtain supplemental
funds from technology users in order to be able to develop the needed technology.
The user, having a stake in the technology development, helps ensure that the
technology will be transitioned and used.

A fifth and final reason for "easy" technology transition 1is that a
significant portion of geophysics technology goes directly from either 6.1, 6.2,
or 6.3 programs to operational customers without having to be transitioned to
a product division. PL/GP has (under it's various successive designations) been
the research and development arm of the Air Weather Service since shortly after
WWII for atmospheric/space weather sensors and specification/forecast techniques.
We have a very close relationship with AWS through frequent management and
working level visits and contacts during each year. For instance, rather than
PL/GP developing on their computers software technology that will eventually be

transitioned to AWS computers at the Air Force Global Weather Central (AFGWC),
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a data link was established in April 1987 between the then Geophysics Laboratory
(GL) and AFGWC so that GL could have access to the operational computer

environment and data bases at AFGWC.

3.2. T° MECHANISMS USED BY PL/GP

To have individuals from the technology using organization within the

technology developing organization and vice-versa, 1s a recognized useful
mechanism for transitioning technology. Long before we were part of the Air Force
Materiel Command (AFMC) and Phillips Laboratory, we recognized that geophysics
technology would be needed by emerging space and missile systems. We therefore
established, in 1967, a West Cost Office (WCO) within the (then) Space and
Missile Systems Office. This small group of professionals, headed by a GM-15,
was made up of technical personnel from the Air Force Cambridge Research
Laboratories (AFCRL —-- our designation at the time) who were familiar with our
geophysics technology. The WCO served as a broker of geophysics technology to
the then Space Systems Division (SSD) and the Ballistic Missiles Office (BMO)
system program offices (SPOs) by becoming intimately aware of SPO technology
requirements and advocating use of geophysics technology where needed. Although

the WCO no longer exists, unique long-standing arrangements have developed

between the west coast SPOs and GP. These arrangements create the people-to-
people relationship essential to successful technology transition.

One prime example is the relationship that PL/GP has with the SMC Defense
Meteorological Satellite Program (DMSP) SPO. We have been working closely with
the DMSP SPO for over 20 years. Our 1initial support involved helping design
satellite weather sensors to remotely measure atmospheric parameters. That
expanded to designing and building space weather sensors to fly as operational
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sensors on DMSP satellites. In addition to sensor development, PL/GP has also
been developing techniques and software to process and analyze the data obtained

by DMSP sensors.

These close but ad hoc relationships were formalized 1in 1983 with the
establishment of a Memorandum of Agrement (MOA) between GL and DMSP which 1is
updated each year. In FY92, DMSP provided $3.3M to leverage the $3.0M and 12 man
years ($S0.8M) that PL/GP had invested in R&D related DMSP-needed technology. In
addition to frequent interactions at the working level, the GP Director and
technical staff meet with the SPO Director and his staff twice a year to review
the jointly-funded programs. During the Fall 87 meeting, Col Curtis, the DMSP
SPO Director said "It's been a good relationship and I am very pleased. We
[GL/DMSP relationship] are a model for the rest of of the laboratories.™

For their investment, DMSP has in effect acquired its own dedicated R&D
organization which produces the technology it needs and wants in a timely manner.
PL/GP personnel are also available to provide on-call technical assistance to
DMSP, such as technical advice related to a DMSP-managed contract or serving on
a source selection board. In return, PL/GP obtains funds to leverage its own
investment, allowing its research to become more focussed on a definite user
requirement, and giving PL/GP researchers an opportunity to see their technology
directly applied to a real problem.

Also, we have had, for many years, geophysics technology brokers in every
AFMC product division, test and launch center, and laboratory. This 1is
accomplished through the staff meteorologists (STAFFMETS) assigned to these
organizations. Through their primary function of ensuring that the environment

is adequately considered in system design and test, the STAFFMETS market our

technology and uncover user needs for geophysics technology.
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In their roles, STAFFMETS are critical links in translating user needs into

requirements for new goephysics technology development programs and requests for
short-term system support by PL/GP scientists and engineers. STAFFMETS play a

key role in transitioning the results of PL/GP geophysics technology to
developers and users of Air Force systems. PL/GP technology managers are made
aware of STAFFMET uncovered needs for geophysics technology through direct and
frequent communications, and through an annual three-day conference at PL/GP,
at which time STAFFMETS brief geophysics technology requirements, and PL/GP

briefs its current and planned technology programs.

In addition to the STAFFMETS, there are staff weather officers (SWOs) on
the headquarters staff of all Air Force unified and specified operational
commands. These weather officers are key players in another mechanism that PL/GP
employs to transition technology more effectively. This is the AWS Geophysical
Requirements (GR) process. GR's are documented requirements for geophysics
technology (including space weather) based on operational needs as determined
by the SWOs working with the operational commands. The GRs are prepared by AWS
in cooperation with PL/GP, biennially prioritized and updated by AWS, and used
to guide our 1investment strategy. The status of PL/GP technology programs
supporting the GRs and the transition of the technology to AWS form the basis

for the annual AWS/GP Forum. These one and one-half day meetings, between the

commanders and staff of AWS and PL/GP, have been held since 1971 and represent

yvet another vehicle for ensuring the smooth transition of PL/GP technology to

the user.

A more recent T° mechanism that PL/GP and AWS have jointly developed is the

AWS/GP Technology Transition Working Group. This group, formed in 1986, manages

the transition of geophysics algorithms and computer codes from GP to AWS for
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operational use at the AFGWC and the Air Force Space Forecast Center (AFSFC).
This group is made up of management and working level representatives from GP,
HQ AWS, AFGWC and AFSFC. They meet twice a year at AFGWC -- on the operational

user's turf. The working group develops transition strategies and schedules which

have proved to be highly effective in ensuring that the GP-developed algorithms
and codes meet the needs of AFGWC, but are also quickly and efficiently

transitioned to AFGWC.

Another effective T° mechanism that PL/GP employs (when appropriate) is
moving the technology intended for system design to not just the SPOs, but to
the contractors of the SPOs as well and to industry in general. This latter
mechanism has been cited in recent research on T° as most effective.

A long-standing mechanism for transfer of geophysics technology has been
the Handbook of Geophysics and the Space Environment. First published by AFCRL
in 1957, the fourth edition (published in 1985), compiles what is known about
the geophysics environment into one document specifically tailored to the special
needs of the Air Force. It has been the standard reference for the environment
used by designers of aerospace systems since it was first published.

For 1ts two 6.3 program elements, PL/GP uses Technology Transition Plans

with product divisions as a T° mechanism. In addition, PE 63707F, Weather Systems

(Advanced Development), has a "built=-in" mechanism for T°. This PE was

established in 1981 through a concerted effort by Air Force Geophysics Laboratory
(AFGL —-- our designation at the time), the then HQ AFSC/DL, and AWS and its
representatives at HQ USAF. These agencies recognized that a bridging mechanism
was needed to convert GP geophysics technology from a 6.2 level of development
to direct use by AWS or the then Electronic System Division's PE 64707F, Weather
Systems (Engineering Development). Much of 6.2 geophysics technology,
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particularly in the area of weather prediction techniques, could not be of the

form needed or sufficiently validated (because of 1its 6.2 nature) to make a
transition. PE 63707F is now providing that bridging mechanism. Initially, the
PE 63707F Program Management Directive (PMD) accommodated only the transition
of a few specific and narrowly defined technologies. In 1986, a new PMD entitled
Environmental Technology Transition was astablished. This PE 63707F PMD provides

the mechanism to transition essentially any 6.2 geophysics technology required

by AWS.

4. PL/GP FY92 T° STATISTICS

There were seventy-six geophysics technology transition events produced
by PL/GP in FY92. The wellspring program elements (as defined in Section 1) for
most of these transitions were PEs 61102F, 62101F, 63410F, and 63707F. These

events are listed in Appendix A and 1include:

- Exampes of both "big" and "small" geophysics technology contributions;

- Technology of various types, e.g., specification/information, models,

software, and hardware;

- Various users from Air Force operational commands to AFMC and other

users;
— Contributions in many mission areas; and
— Contributions from all of GP's major thrusts.

Appendixes B,C,and D, respectively, give the statistics by technology type,

users, and GP major thrusts.
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4.1 TECHNOLOGY TYPE ANALYSIS

Geophysics technology is primarily specifications or information on the
environment so that systems can be designed to operate 1n this environment.
Appendix B shows that in FY92, 51% of the transitions were of this nature.
Geophysics technology is also models, software, and algorithms used for designing

Oor to support system operations. This second type of technology accounted for

38% of the FY92 transitions. GP's main technology is not hardware. Hardware type

technology only accounted for 11% of the transitions.

4.2 USER ANALYSIS

Appendix C is the analysis of the PL/GP FY92 technology transition events
by users. GP tailors its technology to meet the needs of specific users. However,
because geophysics is a pervasive technology, a given technology transition
event, even though tailored, may have provided technology to more than one user.
Of the technology transition events, several went to two or more users. These
events translate 1into technology contributions. A total of 109 technology
contributions occured in FY92. Also, it should be pointed out that in several
instances the same technology transitioned to other customers in previous years,
but only the new customers in FY92 are listed in this report. The Air Force
Materiel Command accounted for 40% of the technology contributions. All together,
the Air Force received 69% of the contributions. Outside of the Air Force, the
other major recipients of geophysics technology were the Strategic Defense

Initiate Office (SDIO) with 8% and the Navy with 9%.

) (5



4.3 PL/GP THRUST ANALYSIS

The final analysis is by GP thrusts (Appendix D). PL/GP markets its

technology under five major thrusts:

Ionospheric Impact on Air Force Systems, with 33% of the total

contributions, made the most contributions to geophysics technology transitions
in FY92. This thrust defines the physical and chemical characteristics of the
ionosphere and develops an understanding of how the ionosphere affects the
propagation of electromagnetic radiation used by AF communication and
surveillance systems. Contributions were mainly in the areas of specifications
and predictive models of the effects of the ionosphere and upper atmospheric
density on current and planned Air Force command, control, communications, and

intelligence systems, and other systems.

Optics and infrared Technology had the next highest contribution (24%).

The objective of this thrust is to measure and predict the optical and infrared
properties of the environment and its effects on Air Force and DoD surveillance,

reconnaissance, and weapons guidance systems. The technology transitions

consisted primarily of specifications of infrared signatures of targets and

backgrounds, and radiation propagation codes.

Weather Impact on Air Force Systems had 16% of the contributions. This

thrust develops improved instrumentation and techniques for measuring,
processing, analyzing, modeling, and predicting meteorological properties which

impact the Air Force mission. The contributions this year were mainly in the

areas of weather specification and prediction software.
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Space Effects on Air Force Systems also provided 16% of the contributions.

This thrust defines the impact of the Earth's space environment on Air Force
space systems to achieve a capability for specifying, predicting, mitigating,
and exploiting the effects of the space environment. The contributions were
mainly in the areas of specifications (software and hardware) used to define the

space environment and its effect on space systems.

Terrestrial Effects on Air Force Systems produced 11% of the contributions.

Its objective 1s to advance technology in the areas of geodesy, gravity,
seismology, and geodynamics to resolve Air Force problems in navigation,
guidance, inertial testing, motion-sensitive instrumentation, and nuclear test
monitoring. This year's contributions were mainly in the areas of seismic studies
as well as gravity studies for improved navigation.

Two new thrusts were added in FY92. They are Geophysics for Synthetic
Environments and Geophysics for Environmental Quality. Personnel supporting these
thrusts are located in the various divisions supporting the major thrusts and
any transitions emanating from the new thrusts in FY92 are reported under the

five major thrusts.
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determining the location of new solar activity centers and "coronal
holes". The appearance of activity centers results in an increased
background level of 1i1onizing radiation that affects terrestrial
atmospheric heating and produces an increased probability for outbursts
of activity that produce wide—spread geophysical effects. "Coronal
holes" produce long—lived solar particle streams that can also have

wide—-spread geophysical effects.
TECHNOLOGY RECIPIENTS: Air Force Space Forecast Center

TECHNOLOGY BENEFICIARIES: SPACECOM and other operational commands

TECHNOLOGY PAYOFF: These new solar data will increase the timeliness
of the forecasts of the planetary magnetic index Kp and other
solar—geophysical parameters, with which AFSFC is tasked. This will
have wide—-spread benefits throughout USAF operational commands that
rely on the speed and accuracy of these forecasts for satellite

control, communications, radar operations, etc.
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CIRRIS-1A Data for Filter Optimization
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TECHNOLOGY DESCRIPTION: PL/GPO has measured the spectral and spatial character of the
emission from earth and cloud backgrounds from two shuttleborne experiments (CIRRIS TA and
IBSS) flown on STS-39 in April-May 1991. These measurements are currently the best
available space-to-ground data to test atmospheric and cloud models in the critical CO,, 4.3 um

absorption band.

TECHNOLOGY RECIPIENTS: SDIO/TNS, USAF/SMC/CNS, USAF/SMC/MBS, USN/NRL/BDC

TECHNOLOGY BENEFICIARIES: SDIO-BRILLIANT EYES, MSX, and SPAS lll Programs; and
USAF-FEWS Program; SDIO/USN-Strategic Scene Generator Model

TECHNOLOGY PAYOFFS: Advanced surveillance and tracking systems must choose spectral bands
which maximize target energy and reduce the competing signals from earth/cloud and earthlimb
backgrounds. CIRRIS 1A and IBSS data will improve and validate the background models used by
the DoD community to design future systems. In addition, the data has been used directly to
improve the filter band selection on important upcoming SDIO experiments in the design and
fabrication stage.
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REMOTE ACCESS SCINTILLATION WARNING SYSTEM (RASWS)

® OPERATIONAL SYSTEM DIAGNOSTIC

v,

G 27, DISTURBED IONOSPHERE

. E
T 89
ol s

S AMPLITUDE AND
PHASE SCINTILLATION

TECHNOLOGY DESCRIPTION: The Remote Access Scintillation Warning
System, developed 1n-house, provides voice message reports of
SATCOM link outages caused by the ionosphere to a remote user on a
telephone line. This PC-based satellite receiving system acquires
signals from satellites, performs real-time analysis of
scintillation 1mposed by the ionosphere, and provides information

on the level of degradation of a satellite to ground 1link to a
remote user on a telephone line.

TECHNOLOGY RECIPIENTS: OL/A HQ Air Force Space Command (LKZ),
Space Forecast Center

TECHNOLOGY BENEFECIERIES: SPACECOM

TECHNOLOGY PAYOFF: The system allows an operator at a SATCOM
terminal to determine that the outages in a satellite communication
link has been caused by the turbulence in the ionosphere and not by
failures of the transmitter, receiver or the satellite. The system
can slmultaneously determine disturbance levels at different
satellite transmission frequencies and may also serve as a tool for
efficlent frequency management at SATCOM terminals.

17



T-10 Hush House Infrasonic Source Model
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TECHNOLOGY DESCRIPTION: Jet engineground run-up tests are a necessary part of
aircraft engine maintenance. These tests for engine airworthiness produce high levels of noise
and, as a result, community disturbance in the areas surrounding the test point. Several
methods of mitigating the impact on nearby communities have been developed ranging from
noise barriers to noise suppression test cells such as Hush Houses. Each method has
advantages and disadvantages that must be weight before selecting the appropriate method for
any use. INoise suppression in a Hush House, for example, is achieved, at least in part, by
conversion of energy in the audible range to acoustic energy below the frequencies of human
hearing. These infrasonics are, in turn, capable of producing nuisance vibrations in structures
up to a mile from the Hush House site.

TECHNOLOGY RECIPIENTS: Headquarters, US Air Force, Environmental Planning
Division
Board of Supervisors, County of Fairfax, Virginia

TECHNOLOGY BENEFICIARIES: ACC, Dulles International Airport

TECHNOLOGY PAYOFF: Understanding of improved ground run-up noise mitigation
techniques improves aircraft safety and ground maintenance turn around by allowing aircraft
to be tested closer to maintenance facilities than previously possible. For the community as a

whole 1t improves the quality of the environment by reducing a major source of airbase or
airport ground operation noise.

18

[ [ | T T
—~~ 19 N
2 il ® T
~ 13}k 2 e X
| +-‘h " -+ 4 -: -
o s ol
- -+
& L e . T o
Z < :J;f'«-:i-‘ff TN
— 7 |- L *,,gf;j;';i;:t;*+ ) + —
g - N A +$~2+ L, oy
PR ol "';*:*_ +
e Bt L3
— — L TS f;f: =
:2 A e &
7] VS
—-:’*3*-*#**. M T

) Ledx

== 5 L L I | | | ! | I | -

—9 1 ¢ 1.3 19 20

BUOY WIND (m/s)

Fig. 7.9  Scatter—plot of SSM/I wind speed estimates from the GSW algonthm

and coincident wind speed measurements from NOAA buoys 42001 and
42002 made during the time period 1Sep87 through 1Mar88. The SSM/I
brightness temperature difference, T5(37V) — Tp(37H ), for data used lo

create this plot was always greater than 35 I.

TECHNOLOGY DESCRIPTION: Brightness temperatures due to the energy
emmitted and scattered in the microwave frequencies from ocean
surfaces and moisture in the atmosphere are measured by the Special
Sensor Microwave/Imager (SSM/I) on board the DMSP satellite. Waves
and foam on the ocean surface, due to wind, affect the brightness
temperature sensed. The basic algorithm relates Dbrightness
temperatures received by the SSM/I to ocean surface roughness due
to winds. Improvements to the original ocean surface windspead
algorithm were developed. The improved algorithm compensates for
gsome degradation of windspeed estimates due to precipitation. In
addition, the criteria for determining the accuracy of the
estimated winds were improved.

TECHNOLOGY RECIPIENT: AFGWC
TECHNOLOGY BENEFICIARIES: Joint Typhoon Warning Center

TECHNOLOGY PAYOFF: The improvements make this algorithm a more
useful tool in the region around typhoons and hurricanes for

estimating the extent of damaging winds.
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