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Appezthx A

NAVY MISSION AND TASK DESCRIPTIONS

• Strategic Sea Control - Sea Based Deterrent. Ballistic missile subrra r inesprov ide the Navy with exceptional strategic deterrent and retaliatoryforce capability. These forces can conduct sustained operations inocean areas , including polar regions, while hidden from enezny detectionsystems. Their great capacity to survive attack ensures the inevitabilityof severe retaliation in spite of the enemy ’s firs t strike effectiveness.

. Tactical Sea Control
— Anti-Air Warfare. Anti-air warfare is conducted against aircraft

and/or missiles and their supporting forces and operating bases . It
ccxTprises all of the measures that are exrployed in achieving air su-
periority . In active AM operations, the enemy ’s air and missile
threat is destroyed or reduced to an acceptable level through the usep of fighter aircraft , barbers, antiaircraft gw~s, surface-to-air and
air—to-air missiles, and electronic countermeasures (ECI) . Passive
AAW operations include all of the measures (other than active AM
measures) that are taken to minimize the effects of hostile air
actions. These include cover , concea]iment, deception (including
electronic) and xr~bility. Technical improvements since ~~rld War 11
in guided missiles , high-speed aircraft, active ar~ p~i;sive electronic
warfare (E~ ) equipment, and long range sensors have ha.3 a major
eff ect on anti-air warfare. They changed the nature of the threat
to naval forces and required radical changes in force defensive
measures. Carrier-launched interceptors and surface-to-air missiles
are the chief means of defense against aircraft and missile threats .
Shipboard anti—aircraft gw~s are still useful against lai and/or slc~flying aircraft and may score hits on close—in missiles. They should
not be ignored in AM planning .

-- Anti-Submarine Warfare . Anti-submarine warfare is conducted against
enemy su1~~arines and their supporting forces , operating bases and
building yards . The aim of anti-submarine warfare is to deny to the
enemy the effective use of his su)~narin es. The enemy su~~arine pre-
sents a nost serious threat to the ability of the Navy to gain and
maintain control of the seas and defend the United State s agains t
attack fran the seas . DeveloEmEnts in nuclear p~~er , ballistic
missiles, and cruise missile st±narines have greatly exacerbated
this crucial problem. This threat has been countered by developing
balanced ASW forces , including ships, aircraft , suI~ arines and fixed
wtits, for separate or ccrbined operations .

— Anti-Ship Warfare . Ant i-ship warfare is concerned with the destruction
or neutralization of enemy surface combatants and merchant ships, their

- I operatin g bases and bui lding yards . Its aim is to deny the enemy the
effective use of his surface wars hips and cargo carrying capaci ty .

_
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-- Mine and Mine Countermeasure s Warfare. Mine warfare is the strateg ic
and tactical use of naval mines and mine countermeasures . It con-
sists of mining operations and mine countermeasure operations . Mining
operations embrace all of the methods whereby damage may be inflicted
on enemy vessels or enemy sea operations hindered by the use of mines.

p Mining can effectively destroy enemy sukinarines and other carbatant
ships , disrupt thei r operations , destroy or disrupt vital enemy shipping ,
or defend United States and allied shipping. It may also be used for
disrupting enemy shipping routes or as a measure to delay the enemy in
sortie . By restr icting and delaying an enemy ’s noveirents , the actual
or possible presence of mines may deprive an enemy of the elective

p use of irore shipping than he loses thro ugh mine sinkings . Mine s
may also be used to deny a shallow water haven to hostile sulinarine
operations . Mining counter~reasures operations embrace all of the
methods which may be used to counter the threat of an enemy mining
ef fort . E~rphasis on mine countermeasures stems from the fact that
a vigorous mining campaign , even when carried out by a weak maritin~
power , may seriously af fect the operations of the nost powerful of
fleets. A well-planted enemy minefield is as potentially dangerous
as a hostile naval task force . On the other hand , the successful
detection and clearance of a single enemy minefield can influence
the outcaTe of an entire campaign. There are three types of mine
countermeasures—area clearance, mine hunting and protective measures.

p
• Power Projection Ashore

-- Amphibious Warfare . An amphibious operation is an attack , launched
fran the sea by naval forces and by land ing forces exrbarked in ships
or craft , to achieve a landing on a hostile shore . Amphibious
warfare integrates virtually all of the types of ships , aircraft ,
weapons and landin g forces in a concerted military effort against a
hostile shore. The essential usefulness of an amphibious operati on
stems fran its nobility and f lexibility . The salient requirei~rnt of
an amphibious operation is the building up c’i~ carbat power ashore
fran an initial zero capability to full coordinated striking power
as the attack drives toward its final objectives.

— Strike Warfare. The broad objective of a naval strike force is the
destruction or neutralization of an enemy target or target ccztplex
at sea or on land. Naval strike forces may also be used as a deter-
rent force or a stabilizin g influence to prevent the outbreak of
hostilities . If hostilities should occur , the strike force is ready

P for pr atpt nov~tent and action whenever and wherever required . The
various types of strike forces include attack carrier , surface action
and submarine strike forces. These forces may operate independently
during the period of their organization or may operate in coordina-
tion with another force .

-- Special War fare . Special warfare involves naval operations generally
accepted as being non-conventional in nature , in many cases clandestine
in character. In its prosecution specially trained forces are assigned
to conduct special nobile operations , unconventional warfa re , coastal
and river interdiction, beach and coastal reconnaissance , and certain
tactical intelligence operations .

p A2
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• Mission Support
-- Ocean Surveillance. Ocean surveillance operations obtain and dissern.i -

nate information about an enemy . They are of great iniport ance in nava l
warfare because they provide the surveillan ce that is required for
friendly or own control of the seas. Inforn~ tion on the location and
noverre nt of enemy shipping, naval forces and all enemy forces whichP threaten sea camunication lines is an inrr ediate requiremen t in
establishing contro l of the seas at the outbreak of hostilities.
while intellig ence agencies aid in this task , major reliance must be
placed on those surveillance operations that cover vita l areas of the
seas . Surveillance operations include search , patrol , tracking
and reconnaissance and may be conducted by aircraft , surface ships,
su~ narines and sate llites. In particula r , reconnaissance operations
obtain information on the activities and resources of an enemy or
collects meteorologi c, hydrographic , geographic or electronic infor-
rnation that rela tes to a particular area . Since reconnaissan ce
missions should not pinp oint the area under surveillanc e as one in
which future operations are planned , they should be conducted eitherP as a part of widesprea d activity or with routine regular ity over a
long period of tire.

— Cairn and , Control, and Carirni nicatio ns. Cannand , control and coriTnuni-
cations is concerned with the overall operationa l n~ nagexrent of the
Navy in peace and war . The Navy C.ai~~nd and Control Sys~ein (NCCS)
provides the means to effectively exercise the operational direction
of naval forces. The objectives of ~~~S are to ensure that the
National Carinand Author ities , unified cairnanders , naval componen t
cannanders , and subordinate naval camianders are able to discharge
their individual respons ibilities by receiving sufficient , accurate
and timely infor mation on which to base their decision s and by having
avai lable the means to ax~r~nicat e these decisions to the forces
involved . Effective control over its forces allows the Navy to oper-
ate on a coordinated basis in fulfilling its s’~ rldwide operationa l
responsibilities.

— Support and Logistics. Support and logistics opera tions are actions
taken by one force to aid, pro tect , carplement or sustain another
force in the accaplishnent of its mission. The major types of
support and logistics operation s are ASW support operations, air
covering operations , naval support of land operations and nobile
logistic support operations. These types are usually provided by
units of a naval force . For example , an amphibious task group may
be supported by an ASW task group against an enemy suthiarine threat ,
by a carrier strike group against an enemy air or missile threat , and
by a rr cbile logistic group for providing the necessary supplies for
sustained cathat operations . logistics replenishment is the resupply
of coxrbat oons~mables to combatant forces in the theater of operations .
It may often be a major factor in deter mining the success or failure
of an operation. A princip al aim of naval logistics is to make the
operating forces as independent as possible of overseas bases . Most

A3

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _



— ~~~~~~~~~~~~~ - ---~~-—,- —~~ — — -- ‘ — —V .— . -  .~ -— -~- , ,---
V-- - — 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ncvenent of supporting supp lies to engaged U.S . naval forces and to
all other U.S. carbatant and allied forces is by sealift. U.S. sealift
forces are ca~x~sed primarily of ships of the Military Sealift Carm and,
various ships held in reserve for defense enploynent , and ships ~ovided
fran the U.S . ?~ rchant Mar ine .

— Personnel,~~dical. This personnel/medical support function is
concerned with the administration of activiti es dealing with nava lpersonnel and with safeguarding the health of naval personnel.
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APPENDIX B

SOREP PWX~ AM DESO~IPI~I~ ’J

a
!L~~~ overall goal of this Navy Satellite Q~earcgraphic P~search Prograni

(SOREP) is to develop and d~ ronstrate the effective use of satellite r~~ote
sensors in oceanographic research and in prediction for Naval operations.
•i1~~ R&D objectives which z~ist be addressed to accup lish this overall goal
are to daronstrate satellite sensing utility for dete rmining and predict ing:

I. Surface winds
II. Sea surface directional spectra

III. C*eanic themohaline strtr ture to depths of acoustic detection

C IV. Coastal conditions of insbore ~arfare significance
V. Arctic ice conditions

VI. Other related research

Table B-l sum~arizes these objectives in priority order and the following
thirty-t~~ program ele~€nts in group ~eighed priority order .

1. ~ wirorxr~nta1 I~~rote Sensing to Develop Sensors , Meth~ds, and Display
Techniques

2. Satellite Radar Altinetry
3. E~viron~~~tal }~~rote Sensing to Determine Necessary Rarote Sensors and

Technique
4. Raro te (bean Surface Maasurarent Systan (I~

t.S)

5. SEASAT A Open wean Verification
6. Synthetic Aperture Radar ~~ea2x~iraphic Analysis
7. Signal Processing of Satellite Imagery for C~eanographic Information
8. Wave Spectra and Surf Dynamics
9. F~’ Radar Spectral Analysis for Rarote Sea Sensing

10. Micro%~ ve Fb~~~rd Scattering fran the (bean at Grazinq Incidence
11. Micrc~ave Fbr~~rd Cbherent and Incoherent Scatter fran the ().~ean
12. Delta-K Radar Developrent Program
13. Interactions Anong Surface Water, Internal , and Electranagnetic Waves
14. Rarote Synoptic ~~~surarent of Sea Surface Currents
15. Sea Spectra Analysis for Wave Height ~~asurarent

B].
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TABlE B-l

OBJ ECTIVES AN D PROGRAM ELEtIENTS FOR TH E NAVY
SATELL ITE OCEANOGRAPHIC RESEARCH PROGRA M

1 ~~vircnnental Rerrote Sensing to Develop Sensors , Mathods, and Display Techniques
2 satellite Radar Altirretry
3 ~ wironnental Rerrote Sensing to Determine Necessary Reirote Sensors and Technique
4 Reirote Ocean Surface Maasurenent System (1~~ S)

5 SEASAT A Open Ocean Verification
6 Synthetic Aperture Radar Oceanographic Analysis
7 Signal Processing of Satellite Irragery for Oceanographic Inforrration
8 Wave Spectra and Surf Dynamics

~ HF Radar Spectral Analysis for Rerrote Sea Sensing
10 Microwave Forward Scattering fran the Ocean at Grazinzr Incidence
11 Microwave Forward Coherent and Incoherent Scatter fran the Ocean
12 Delta-K Radar Developrent Program
13 Interactions Azrong Surface Water, Internal , and Electrorragnetic waves

~2 14 Rerrote Synoptic ~easur~rent of Sea Surface Currents
15 Sea Spectra Analysis for Wave Height Maasureirent

~~ 16 Water and Air Mass Properties and Dynamics -

17 !~ivircarxrenta1 Sensor Assessnent (Classified Project )

~~ 18 Ocean Theritohaline Distribution fran Satellite Perrotely Sensed Data
19 Water Vapor Corrections in the Thernal IR

° 20 Advanced Retrieval of Atxrospheric Mass and ?bisture Profiles
21 Raro te Ocean Subsurface ~~ rperature Profiler (I~ STEP)
22 ~~~anographic Exploitation of Satellite Data
23 Bathenetry and Coastal ~~pography
24 Identify, track, and Predict Iceberg Drift
25 Satellite Cbservations to Support Arctic Environnental Studies and Ice Prediction
26 Satellite Reirote Sensing for Sn~~i and Ice Cover Over Land
27 Satellite Altiireter Oceanographic Analysis

28 Multi-Spectral Rezrcte Sensing of Atnospheric Constituents

29 Advanced Sensors for Atnx spheric Teu~erature and Muisture Profiles

30 Position Determination of Satellite Rerrote Sensor Data

31 Intr~ active Graphics Display for Navy Environnental Requireitents

32 Systars Upgrade for the ~~~-l0 and ‘I!V-29
— —
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OBJECT IVES

Lsplay Techniques X X X x x
x x •  x x x

ors and Technique X X x x x
x x x x
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x x x
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x x x
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Waves X X
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x
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16. Water ar id Air Mass Properties and Dynamics
17. Envirornental Sensor Asses~~ent (Classified Project)
18. Ocean Theirrohaline Distri~~tion fran Satellite Reiotely Sensed Data
19. Water Vapor Corrections in the ~~~rmal IR

p 20. Advanced Retrieval of Atnospheric Mass ar id ?.bisture Profiles
21. Rat ote Ocean Subsurface I~rç,erature Profiler (1~ STEP)

22. Oceanographic Exploitation of Satellite Data
23. Bath are try ar id Coastal I~pography

p 24. Identify, ~~ack , ar id Predict Iceberg Drift
25. Satellite Observations to Support Arctic Enviro rinenta ]. St~~ies ar id

Ice Prediction
26. Satellite Remote Sensix~ for Snow and Ice Cover O~iér Land
27. Satellite Altimeter Oceanograph ic Analysis
28. Multi-Spectral Remote Sensing of Atimospheric Constituents
29. Advanced Sensors for Athospheric Ter~erature ar id Muisture Profiles
30. Position Determination of Satellite Remote Sensor Data
31. Interactive Graphics Display for Navy Enviro nmental Requir ements
32. Systems Upgrade for the SI~V-10 and ~1~-29

Each of these program elements has a particular strategy and tine-
framed tactics associated with it , which are fully described in this Appendix
B. This approach has been taken to indicate the manner in which each program
element and objective is expected to be ac~~plished in order to achieve the
goals of the SORE?.

0
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1. ~~VI~~~~~ TAL R~XYrE SE2~SI~~ ‘10 DEV~~OP SENSORS, METHODS, AND DISPLAY
‘Th~~ft ~I~ JES

p
Strategy

Cçerational cannanders can i.nprove mission effectivenes s by e~~1oiting
environmental intelligence only when the environmental parameters are quanti-
fied and provided in a tinely arid deterministic manner and in a useab]e format.

p The purpose of this effort is to develop sensors , analysis methods , and dis-
play techniques for inproved cannand support .

Theoretical st~.xIies and field measurements will be carried out to estab-
lish analysis techniques for the determination of oceanogra phic para meters
from interaction of electr omagnetic waves with the sea surface . Sensors will

p be developed and their per formance evaluated to confirm that their n~asured
outputs do quantify the sea surface parame ter to the accuracy and precision
necessary for Navy reeds .

Tactics

0 . PY-78

— O~plete fabrication of a 140 GIz high-frequency radiQieter to
evaluate sensor capability for the measurement of oceanographic ,
meteorological, and coastal parameters in support of Electro-
C~ tica1 Mateorology (F~~~’r) arid Marine Corps coastal requirements.

-- Conduct scanning.pulse-Uinit& radar measurements and sensor con-
figuration Surface Contour Radar to define system performance
requirements to meet ~ t4E’r arid Marine Corps coast measurement
objectives fran aircraft, remote-piloted vehicles arid satellites.

-- Initiate new theoretical arid engineering design studies for rerroteP sensing measurements based on recatimendations of the Navy Environ-
mental Renote Sensing Coordinating and Advisory Cc*nnittee (NE}~SCAC) .

— Conduct remote sensing experiments and data analysis in conjunction
with othe r planned oceanographic experinents and Navy exercises to
refine data requirements arid evaluate sensor performance nodels
(E’rF and pulse-limited radar) to neet Navy measurement objectives.
Specific environmental parameters inchide measurement of marine
boundary layer profiles of temperature, ~atnn idity, and index of
refraction to meet anticipated ~~~‘r ret~nirements for support of
advanced weapons systemts.

p 
P.4



• FY-79

— Develop a 100-300 GIz high-frequency miciwave spectrai~cter for
measurement of oceanographic, meteorological , and coastal parameters
in support of EX~~~F and Marine Corps requirements. The measurement
erp hasis will be on high-resolution passive micr~~ave signatures
for high-precision determination of such environmenta l para meters
as vertical profiles of atnospheric species catp osition .

P — Continue rc~mote sensing exper iments arid data analysis in conjunction
with other planned oceanographic experi ments and Navy exercises to
evaluate performance nodels for merg ing sensor technology and to
refine data require ments to meet Navy research and operational
measurement objectives.

• — Establish feas ibility of using a 55 GIz-94 GIz high-frequency radar
in coherent and scanning nodes to measure the three-d imensional
ocean surface topograp hy using interferatetric techniques ar~1 deter-
mine vertical atnx)spheric pressure profile fran pressure -broadening
of nolecular re sonance of atnosçher ic cxxpositional species, such
as oxygen.

p

S FY-80

-- Develop a 220 G}Iz passive micr~ zave spectrcxeter to extend environ-
mental signature measurements. ~‘t~asur~ tents conducted under this
effort using the 90 Qiz , 140 GHz , and 220 GHZ radic meters and micro-
wave spectrameter are cx~plenentary to on-going NASA projects that
are investigating the 94 GHz , 115 Qlz , and 183 GHz portions of the
passive microwave spectrum .

— Initiate airborne field measurements exper iments using a 55 G}Iz-
• 94 QIz high-freq uency radar in coherent and scann ing nodes.

2 • SATELLITE RADAR ALTTh~’rRY

Strategy
p

The purpose of this researd~ is to inprove the performance of satellite
radar altimeters in order to obtain hig~ier spatial resolut ion gravity data
for all ocean areas . A mere accurate geoid and inproved gravity data will
permit mere accurate ballistic trajectorie s resulting in smaller CEP ’ s for
ST.BM’ s as well as corrections to inertial devices resulting in less navicja-

0 €ional errors, both in velocity and position.



____________________ 
•

The approach envisioned is to analyze available NASA satellite radaralti.netry data for a variety of envir onmental and oceanographic conditionsto establish the algorith ms necessary to determine the height with a precisionbetter than 10 an. The algorith ms will then be isplenented in an airborneadaptive radar system to test the validity of the algorithms. Utilizing these provenalgorithms for data processing in space will permit a significan t cost reduct ionin the data analysis . Finally, an adap tive radar system will be developedas the baseline systi~~ for an ultimate cannitnent to space.
p Tactics

• FY-78

— Analyze high-bit rate ~~~ -3 data to establish the algorith ms
necessary for routine proce ssing of ~~~~-3 data over long flightp paths for determining the geiod spectral analy sis.

— Establish the err or contributions of GBDS-3 radar altimeter hei ght
measurements by caiparing overlapping passes .

— Design the algorithms for a special ground to process SEASAT data .
-- Begin operational flights of tie advanced radar system.

• FY-79

— Qxtplete specia l ground processors for reducing SEASAT radar alti-
• meter data.
• P — Qitplete tie interface of the adva nce radar system with the on-line

ca~ uter.

— Develop the software processing for using the on-lire catputer
to minimize tie data processing arid handling in an ultimate
radar system.

— Establish the environmental corrections necessary for the inprov~d
precision measurements.

• FY-80

— Continue underf lights of ~EASAT for the necessary ground truth
data.

— Qxtpare SEASM’ altimeter data with GEXJS-3 data along with the air-
craft ground truth data results for inproveirent in the processing
of SEASM’ data.

P

P
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3. E~ VIRD~~~NFAL RE2~~~E Sfl.~SING W W~ERMINE NTX ESSARY R~~YrF: SI]~JSOj~ AND
TF.X HNIQUES

Strategy

The strategy for this research is to exper imentally determine tI~ neces-
sary renote sensors and techniques that are applicable for improving
oceanographic nonitoring and prediction . These renote sensing studies will
be coordinated with the thjective of satisfying Navy E~vironmental Renote
Sensing Program needs. The Fi-78 and FY-79 efforts are directed toward the
Navy (~erational Bequi.renent for Satellite t~ asurenent of Oceanographic
Parameters.

In addition, electra~agnetic sensors, both passive and active, Wi1]. be
utilized to determine quantitatively the accuracies with which sea surfa ce
tenperature , sur face winds , wave heights , topography and other sea surface
parameters can be measured to insure that the measurements and technique s are
fulfilling NERSP ’S needs .

Tactics

• FY-78

— Conduct aircraft measur~ tents with the R~4S passive microwave
sensor (PMS ) simulator to evaluate predict ions to extended R]~!Scapabilities analyses and to serve as the ground truth for the
evaluation of I~1~~ P~~ algorithms using S~’~~ data .

— Conduct extended R~~ capability analyses for measurement of p~c -
cipitation ar id soil noisture and incorporate these results in C”
~~~ PMS/Space Test Program (STP) plan and data analysis .

— Analyze radar data fran the scat ter aieter , altimeter , and imac’i
radar fran SEASM’ to ampare sensor performance with pred ictici~.
of theoretical studie s and engineering parameter ccxnpa risons .

— Conduct aircraft flight neasurenents with the N1~~ adaptive radar
for caiparison with theoretical studies and engineering pararti~ter
caTparisons and to serve as ground truth for satellite radar data
analysis.

• FY-79

-- Q~plete 1~14S PMS simulator aircraft measure ments needed for ground
truth to evaluate 1~MS P~~ algorithms using SMRR data.

-- Caiplete analysis of SEASAT active microwave sensors for evaluation
of ~~~MS Active Microwave Sensor (Ar v~~) performance prediction node is.

-- Ca~plete aircraft flight measurements with NRL Adaptive Radar neces-
sary for I~t4S AMS tradeoff analysis.

-- Conduct sensor performance trade -off analy sis for rccortmen dat ion
of candidate ~~~~ AMS sensor .

-- Define sensor for transition to I~~4S AMS/STP exper iment .
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• Fi-80

— Oxplete prelim inary I~}~ Pf~’E data reduction algori th iits for transfe r
to fl~C.

-- Define data reduction algorithms for 5D-2 SSM/I for tran sfer to FN~~ .
— Ca~plete aircraft flight experiments using nodified NRL adaptive

radar to develop data process ing algorithms for i~ .is i~i.is.
-- Perform data analysis trade-off studies for on-boa rd/on-ground data

processing procedures for 1U45 AMS/STP experinent.

4 • RU’VTE OCEAN SURFACE t€ASURE24E2Z1’ SYS’m~4 (I~14S)

Strategy

The purpose of this research is to develop passive and active microwave
sensors for implementation within the U”ISP to meet Navy requirements for
oceanographic measurements fran satellites .

The inultifrequency PMS will be utilized to measure sea surface tenpei a-
ture, sea surface winds, sea ice cover , and atnospheric parameters to meet
Navy requirements. A prototype PMS sensor will be fabricated to evaluate
perfo r~~nce within the STP , develop specifications for an operational sensor
for inpienentation within ~t4SP, and provide quasi-operational data for
utilization by FN~~ .

ract ics

• Fl-iS

— Ca~plete design studies for antenna options and feed techniques.
— Perform system and cost trade-off analysis and select an anteni ~~~.

— Develop an experiment plan and identify the launch vehicle . This
ef fort will be done in cooperation with NSSA, STP , R~~~, OP- 94S ,
CP-986 , and NAVAIR.

-- Freeze I~~ S PMS sensor design.
— Develop STP mission plan . This includes the final definition of

orbit , launch vehicle assignment , cbwnlink data techniques , pre-
lizninary test and evaluation plan , and the role of major participants
such as NSSA, STP , ~~~P , FN~~ , NRL , and NEPRF.
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• FY-79

-- Perfo rm engineering designs for I~Y~tS STP antenna .
-- Perform engineering design for R]4S STP radicx~eter .
-- Perform system design for nodifications necessary for I~MS STP/

E1~ P downlink and analysis.
-- Develop data package that include engineering specifications for

sensor fabrication bid request.
-- Analyze SZ+U~ data received at FN~C for evaluation of I~14S PMS

data analyses algorithms.
— Begin specific planning for detailed procedures for sensor test,

evaluation, and data processing techniques.

• Fl-80

— Begin antenna fabrication.
-- Begin radicx~ ter fabrication.
— Begin develo~ ent of necessary software and data system nodificat ions

for ~ tv1S data utilization at FN~~.
-- Ccmplete SM~ data analysis for evaluation of 1~MS PMS algorithms.
—- Detailed planning for develo~nent of test , evaluation , and processing

techniques.
-- Develo~zt~nt of Tn -Service plan for I~LSP utilization of BMS STP data .

5. SEASAT A OPF~J OCEAN VERIFICATICtJ

Strategy

Satellites such as SEASNI’ have the potential to provide broad scale cov-
erage of such oceanographic parameters as sea surface t~ rperature, directional
save spectr~n, surface winds, and ocean currents. }bwever , SEASAT sensors have
never been evaluated against precisely determined open ocean physical conditior.~ .
This effort will provide precise open ocean ground truth for SEASA~T by using
FLIP. Fbr the first time the physical relations bet~~en microwave cross section
arid the notion and characteristics of the ocean surface may be determined, en-
abling the physics of the ocean surface to be better understood.

FLIP will be anchered for several nonths In the Eastern !~brth Pacific to
collect ground truth te~perature profiles, three dimensional wave records,
currents, and winds during SEASAT overflights. ~~~se data will be correlated
with passive and active microwave synthetic aperture radar arid altimeter satel-
lite Observations in order to nx,del the response of the satellite to oceano-
graphic features arid understand the physics of the wave-wave interactions in the
~~~an.

B9



Tactics

• Fl-iS

— Station FLIP in a deep ocean environment.
— Thin sensor check.
— Derive wave-wave arid wind-wave irodels.
— Program satellite ocean response nodels.

• FY-78/79
— Gather gxvin~ truth data fran FLiP.
— Cbtain SEASAT sensor data records.

• FY-79
— Return FLIP to port .
— Q,rrect sat~i I ite-ocean response ntde]s.

6. SYNTHE”rlc APERtURE RADAR OCEANOGRAPHIC ANALYSIS

Strate gy

Fleet activities depend upon a capability to forecast surface winds andwaves. lb improve this capability , it is necessary to look at the basicphenaiena near the air-sea interface. The purpose of this research is toevaluate the potential for using satellite borne synthetic aperture radar forr~iote sensing of surface waves.

Synthetic aperture radar data fran SEASAT will be processed to determinethe correlation betwaen it and an Independently derived theoretical nodel ofradar return for a given ocean surface roughness. Surface roughness ounditionswill be extracted fran data measured at FLIP during satellite overflights. Thenodel verification will lead to an understanding of the physical behavior of capil-lary waves irrbedded in a full spectrum wave field and a ntdel to infer actualwave conditions fran SEASM’ voltage outputs.

Tactics

• Ff-78

— Develop an analytic nodel of synthetic aperture radar returns fran
travelling surface wave spectra.

— Cttain and process initial synthetic aperture radar data fran
overflights of oceanographic ground truth experiments.

— thtain relevant initial wave spectrum data fran oceanographic
experiments.

BlO
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• Ff-79
p

— Test ncdel performance agains t obtained data.
— Ref ine nodel.
— Cbtain and process final synthetic aperture radar and oceanographic

data.
p

• Fl-SO. Test the nodel for suocess against new data.

7. SI(~ AL PIt)CESSING OF SAT~ LITE fl~ GEI~ FOR OCEANOGRAPHIC INFDRW~ I~~
Strategy

The purpose of this research is to develop procedures to extract information
fran high resolution satellite im agery using advanced signal processing techniques.
The information includes surface roughness fran pa.zer spectra of reflected sun-
light, location of surface fronts fran thermal gradients, and quantification of
the structure of the size and characteristic of eddies .

The effort will also involve the development and application of algorithms
to reitotely sense imagery data using state -of-the-art special function processors
in order to extract oceanographic infon~ation fran these data . Atitospheric
phenatena, pri marily clouds, will first be eliminated fran the data using multi-
channel thresholding techniques. Significant oceanographic features will then
be isolated by examining higher order derivatives of the detailed features
of the ocean surface structure as apparent In the digital imagery.

Tactics

• Fl-78

— Evaluate existing algorithms for distinguishing cloud cover ii’
sate lii.te imagery using interactive graphics display devices
with the array processor.

— Apply higher order derivative enhancement techniques in order
to identify thermal fronts and eddies.

— Correct algorithms for classifying spiral cloud patter ns for
application to thermal. eddies .
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• FY-79

-- continue ~&ork using interactive grap hics display devices with the
array processor and evaluating existing algorithms for distingui sh-
ing cloud cover in sate llite imagery .

— contin ue ~~rk applying higher order derivative enhanocn ~nt tech-
niques in order to identify thermal fronts and eddies.

— continue ~~rk correcting algorithms for classifying spira l cloud
patterns for application to thermal eddies .

— Initiate processing of sun-glint patterns using FF1’ techniques for
the delineation of surface roughness characteristics.

• Fl-SO

— ~ ctend the processing of sun-glint patterns using FF1’ techniques
for the delineation of surface roughness characteristics to higher
wind speeds.

— Verify results on re.rrote sensing ground truth range data .

8 ~~VE SPECrRA A~~ SURF DYNAMICS

Strategy

The basic strategy is to conduct research to determine procedures for
the use, enhancement, and interpretation of sea surface radar imagery for
determining wave spectra and energy distribution over the continental She~and into the surf za~ s.

~ ctensive testing of the dual freg~~~cy and dual polarized synthetic
aperture radar of the E~virorimenta1 ~~search Institute of Michigan will be
accutplished by flying these radars at high altitudes over deep water and
shallow water waves under extreirely varied environmental conditions. Ocean
observati ons and in situ measurements will occur concurrently with these
overflights. Appropriate assessments of the effects of scatterer notions on
synthetic aperture radar ocean wave images will be made.

Tactics

• Fl-iS

— Develop and fabricate a processor to extract wavelength and direction
fran the collected data.

— ~~~tinu e flight tests of the synthetic aperture radar.
L

• FY-79

— concentrate the effort on SAR flight tests. Vary the altitude s
with sea state and directions of flight. E~cperiment with various
wavelengths and polarizations.

-- Or~plete the processor fabrication.

• Fl-SO. Ozplete flight testing and report on cr iteria for fabr ication
of nodified synthetic aperture radar and data processor.

I
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9. HF RADAR Spa’FRAL ANALYSIS R)R REX)TE SEA SF~ SING

Strategy

The aim is to develop techniques for the extraction of oceanographic
and meteorological parame ters frcii~ Doppler power spectra of HF rada r energy
backscatter ed f ran the sea. These techniques will be applied toward reirote
sensing operations of an over-the-horizon HF radar collecting data from cells
contained in ocean areas over millions of square miles . Both surface and
subsurface naval operations can be severely restricted by lack of data from
such areas. Thus , ca~prehensive real-tine knowledge of ocean waves is essen-

H tial for the intelligent application of naval forces.

The SEA EX~iO radar on San Clemente Island will be used to collect and
p analyze 2-degree high azimuthal resolution data in the surface wave node

L and to investigate Doppler spectrum statistica l variations with azimuth and
radar frequency as a function of sea state , for cariparison with ionospheric
target fading statistics.

Tactics
p

• FY-78

-- Develop a backup on-site capabili ty of raw data tap ing using exist-
ing ‘10? SEA hardware.

-- Develop software for FF1’ processing of raw data on the new N~L
Texas Instnm~nts advanced scientific canp uter.

-- Continue collection , analysis and cataloging nultifrequency radar
spectra relative to local meteorological conditions and sea
spectrum. Types of conditions include long fetch continuous winds ,
growing wave spectrum, decaying wave spectrum, continuous change

p of wind direction and speed conditions, and discontinuous change
of wind direction and speed .

• FY-79

— Oipare data with various theoretical spectrum nodels, attenpti ng
to determine meteorological and oceanographic conditions fran
radar data . These include wind direction and speed , directional
sea spectrum, direction and magnitude of sea currents , and the
degree of turbulence in winds and waves.

-- Develop techniques for caiçarison of target anp littzle variations
with radar clutter statistical variations to inprove signal
detection capa bilities for target signals in clutter.
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10. MIC~~~7~VE FOI~~ RD SCNI’1~ RING F!~~ TILE OCEAN AT GRAZ INC INCI DF~ CT

Strategy

The pur pese of this program is to obtain a car ~ lete description of tht~e1ectram~gnetic scatter fran the ocean as is necessary to deter mine occx~effects on target detection and identification . Information determined fr om 7
this program will be used to provide criteria for the design of radar systems a.
operating in clutter limited domains.

Since the present clutter irodels do not apply to radar systeir5 operatin g
at near -grazing incidents and scattering , the electr omagnetic forward
scattering problem will be investigated both theore tically and experini~nta11y,
especially with regard to the effects of electr ana gnetic surface wave and
leaky wave effects .

Tac tics

The representation of a random ocean surface as a sum of sin~~cids has
P 

been successfully done by many workers. Thus , the analysis of scattering
fran a sinple sinusoidal surface provides basic information on the scattering
properties of trore caiplex surfaces. Analyses have been derived for acoustic
scattering fran soft and hard surfaces . This analysis can be generalized to
electrcmagnetic scattering for TE (soft) and ‘IN (hard ) cases~ The scatter ed
fields are represented superpositio~s of plane waves. The scattering co-
efficients will be found for realistic values of ocean w~.”elength , ocean wav~.height, incidence angle, and signal wavelength. Ananalies in the scatterinc
coefficients will be located and related to the Br~~~ scattering conditions.
Qx~puter calculations will be made for the field patterns and grating lobe
structure related to the ocean parameters.

11. tttC~~~~VE FO~~1ARD CDIIERF2~TF AND mxx)FLEREI’r SCAT1’ER F1~ t1 THE OCEAN

Strategy 1

The pur pose is to research ti~ electr~~ ~gnetic wave propagation and

• 
scattering by the surface of the ocean and to determine the microwave for ~J L ’d
coherent reflection and thcxthefent scattering from the ocean . This work
will include scat tering fran ca~& t.ive cells over the ocean and the possible
coupling effects between the i’~~~:sion layer and the evaporative layer , as
these phenciTena may interact with the ocean scattered fields.

0 Theoretical treatzr~it of forward scattering fran the ocean is now being
carried out and ai~ experiment is being planned to measure forward coherent
reflection and incoherent scattering using nanosecond pulses.

0
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Tactics

This prog ram element will be performed entirely dur ing F1-78 with the
following planning and data analysis :

• Reduce and analyze the previous L-band ocean reflection data.

• Report the results in early FY-78.

• Plan the experiment on forward scatter fran the ocean surface .

• Perform the experi ir~nt and analyze the results.

12. D~1TA-K RADAR DE WPME~ I’ Pi~)GRAM

Strategy

The purpose of this research is to determine the effectiveness of a
coherent dual frequency correlation radar for achieving inproved targe t de-
tection and classification , and to achieve rerro te sensing of ocean waves and
surface currents .

p

‘1~~ Delta-K radar transmits two closely-spaced RF frequencies and , upon
reception , cross-correlates the coherently detected backscattered fields to
achieve inproved detection and classification for both fixed and rroving ship
targe ts . Inproved detection is possible because, although the radar is
highly directional , the output has the characteristics of HP return from ships
and the sea . In addition, target glint and scintillation effects are reduced
and long-term coherent integration of returns is possible.

Tactics

The initial experimental successes using the X and L-band Delta-K radars
• will be folla’~ d by in-depth studies of:

• An experimental determination of the maximum attainable coherent
integration time for single and dual-frequency coherent radar operation
using simult-arteously obtained data. This will be accaiplished by the
measurex~r~t of the S/W-I C ratios obtainable for stationary and iroving

p ship targets.

• A theoretical and experimental examination of the effects of multiple
ship targets being present in a single radar resolution cell. This
will enable the determination of the performance of the radar as a
means of classifying target returns.

• Target classification using resonance region returns ( radar wavelength
ship dimensions) . This has been accatplished at the thio State
Electroscien ce laboratory but never in the field using non-scaled
targe ts .

p
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• The capability of the Delta-K radar as the pr imary sensor for a ship-
board platform notion predictor. The platform notion pr edictor would
be used to determine future (up to 20 seconds ) roll , pitch and heave
of a landing pad for helicopters and VSTOL aircraft and would be used
to predict safe landing times.

Data collection and analysis will continue with the experimental systems .
Cooperative experiments will be run utiliz ing the Delta -K system and Sea Photo

p Analysis (SPA) . The data fran the SPA technique would provide a means of
determining the spectrtm’t of the sea itself. This data would then be corrp ar ed
with the spectrum determin ed by the radar with ultimate objective being to
elucidate the effects of longwave and shortwave coupling .

The inpact of these studies on radar design and operation in an ocean
$ environment will be furt her considered . In particular , the possibility of

predicting the future displacements of the ocean surface will be analyzed. The
test ing of a pulsed Delta -K radar will be initiated. This system will incor-
porate significantly higher po’.ier and therefore greater range , inproved frequency
and tine channel separation , improved sea spectral statio narity , and nost im-
portantly , the ability to determine target range arid utilize a ntzber of range
gates.

13. n~r~~~rio~s Z~~)NG SURFACE ~~TER, I~ rERNPiL, AND ~~~~~ ~~ric ~~VES

Strategy

The purpose of this effort is to determine the dependence of short
gravity wave and capillary wave amplitud es on windspeed , currents , surf actants ,
air-water tenperature difference and to develop theories in conjunction with
the measurements which will yield quantitative descriptions of the fine structure
of the air-sea interface . Such knowledge is necessary for a variety of Naval
applications includ ing surveillance of the surface weather over the oceans from
satellite and 0TH radars for ship routing , especially hydrofo ils , to non-
acoustic anti -sul:xna rine warfare .

Microwave scattering techniques at 1.8 GHz , 4.3 GIz , 9.375 (‘iz , 23.9 GHZ
) and 70.1 GHz together with optical. and phot are tric methods will be used to

measure phase speeds , temporal growth, relaxation rates , and nodulations due
to straining and Doppler spectra of wind generated waves in wave tanks as
well as on the ocean. Wind wave interactions and higher order Bragg scattering
calculations will be made and the radiative transfer equations solved for com-
parison with experimental results. Analytical and numerical solutions of the

) Orr-Saxmerfeld equations will be obtained to yield growth rates and to infer
air-sea boundary layer properties from measured phase speeds .
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Tactics

• • FY-77

-- t.?easure fetch and windspeed dependence of capillary wave directional
spectra in a wave tank .

—- Repeat selected back scatter nodulation measurements at 9.375 GHz
in the new wavet ank.

-- Develop higher order str aining theory .
-- Determine dependence on short gravity wave phase speeds on wave

amplitude .
-- ~~asure nodulations of waves up to 30 an long phota~~trically on

the ocean .

• FY-78

-- Meas ure strain ing nodulations in new wavet ank at 1.8 GHz .
— Caplete photaretric study of short waves on the ocean .
-- Develop theory for steady short gravity waves on the ocean .

• FY-79. Measure wind induce d growt h of seiches.

14. RE~~~E SY~~PTIC ~~~~~~~~~ OF SE~ SURFACE CURR~~~S

Strategy

This research is directed toward the developTent of a method to determine
the tøiporal and spatial variations of speed and direction of surface water
currents by renote synoptic measurenents and to determi ne the feasibility of
using line scan imagery of wave fields and their refrac tion pattern s to deduce
surface circulati on pattern s. The feasibility of aut omated proces sing of th -

~ 
-

data for rap id airborne and satellite coastal-ocean reconnaissance will be
investigated . The method proposed is to fly a multispectral scanne r , optirni7Pd
for sea surface scanning , at very high altitude. Line scan imagery of ocean
swell or inshore waves will be cross-correlated both spatially and tenporally
for extraction of wavelength, angle , and speed . The evaluation and analysi s
of the wave relations will produce information on wave characteristic attenu-
ation resulting fran current action. In situ ocean data will be obtained
simultaneously with the scanner overflight.

Airborne line scan imagery of waves in a specific experiment area will be
acquired and related to detailed and concurrent wave data obtained fran in situ
instr’.~nents for precise correlation . These data will be obtained for a variety
of sea states and at varying altitudes and flight paths to thoroughly test tie

• 
systen capability.

• Bl7
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• Test various atnospheric attenuat ion correction nc*Jels for satellite
IR data in the Gulf Coast region dur ing the winte r season , at which
tine atnospheric noisture varies significan tly with tine . Sea state
and sea surface tenperature neasure nents are readily available , and
water vapor profiles are available fran detai led atnospheric soundings .

• Analyze the the rma l inf rared data along the Gulf Coast f rom the TIR)S-N
AVURR and HRIR , LANDSAT C therma l infrared band 8 , the N IMBUS G therma l
channel , the Coastal Zone Color Scanner , and the inf rared radiometer
of tie heat capacity mapping mission of tie Applications Explorer
Mission .

• Test the ability of ra dicmetric and atnospheric corrected satellite
data to accurately map sea surface temperatures (both tine variations
and hor izontal gradients) and for evaluation and interccmparison of
sensors for detection of coastal oceanographic varia bility .

p Coordinated meteorolog ical and coastal ocean experiments will be conducted
in various and specific coastal environments using instrirrentation carp atib le
with present satellite sensors and appropria te diagnostic sensors such as
radiosonde , acoustic radar , recording thermi stors , and weathe r radar . In situ
parametric ground truth neasure nents will be made simultaneously. The correlate d
data will be used to formulate meaningful algorith me suitable for determiningp the significance of similar satellite sensor data .

The experiments will be set up at a convenient and app ropriate facility
such as NCSL Panama City , Florida or other selected field sites . Coordination
of the experiments can include a nt~rber of research groups and equiptents

• 
necessa ry to adequately cxx~plete the exercise . Appropriate reports , instrunent
verifications , rrodel inprove nents , and presenta tions will be made during the
course of the program.

Tactics

p • FY-78

-- Develop plans for two ~~~plete exper iments . C~ e experiment during
the winter and the second during the simmer .

— Fabricate the necessary ocean instrume ntation , place the in situ
instr izents and coord inate aircraft sorties with satellite passes.

— Proce ss and analyze the data for sensor corr elations with ocean
atnosphere features and conditions .

— Validate tie satellite sensor data and report the results and
accxmplishnents .

p 
• FY-79

— Repeat the FY-78 experiments using advanced instruntntation for
in situ measurements. C*~e of the two experiments will be in a
new coastal environment.

P — Continue instrument and nodel developTent and refinement.
— Issue a report on the validity of satellite instriment data , nodelcapabilities, and water and air mass physics and dynamics.
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15. SEA SPF~~ RA ANALYSIS FOR ~~VEHEIQT~ !~~ASURE~1ENT

Strategy

The purpose of this program is to further analyze the renote sensing
capabilities of the SPA technique . The SPA techniqu e may be used routinely
to sense and measure tie state of the ocean surface spectral fluctuations
under a wide range of condi tions . Success in this effort will result in a
new naval method for the dete rmina t ion of major ocean descriptors , which
can have a decided impact on naval sensors and systene . This includes the
detection of small targets on the ocean and sensing small perturbations of
ocean surface featu res .

SPA techni ques are n~~ being applied in the areas of target detection
and real tine sea state deter minations . The present limitations of SPA ,
such as high obliquity , perspective distortion , long wavelength suppression ,
and wave sensitivity inaccuracies , will be studied and means for alleviating
them investigated.

Tactics

The polarization and relative intensity of direct sunlight and skylight

‘ 
incident upon and reflected from and wind disturbed ocean sur face will be
investigated further. ~~~~ results for arbitrary sensor polarizations will
also be investigated . The polarization and intensit y patterns of light
emanating fran be1c~~ the ocean surface , for different sun heights and bearings ,
camera look angles, and surface roughness, are necessary to ~~~pletely def ine
the wave visibility function and optimize the procedures for obtaining

‘ 
surface photographs . A cooperative program will be undertaken with the U. ~~ .

Army Engineer Topographic Laboratories. The program will determine the
applicability of SPA in the detection and localization of submerged tr po-
graphic features , such as seanounts and shoals , that would be a hazax ~1 to
navigation . This study would involve changes in the long wave length
spectrun~ of the surface waves in the vicinity of such features .

I

16. ~~TER AND AIR MASS P1~)PERTIES AND DYNAMICS

Strategy

The purpose of this research is to inpienent and coordinate renote sensing
$ experi.irents in conjunction with scheduled detailed oceanographic experiments .

The research will include definitions of the physical , chemical , and biological
characteristics of the Continental Shelf and inshore water and air masses , their
rates of change , and directions of migration . The approach envisioned for
the proposed research is to:

• Sttxly the processes of transformation of bay , inshor e, inner shelf ,
outer shelf , and adjacent deep waters during outbreak of polar con-
tinental air in a series of short , but intensive field neasurenent
experiments .

• Test various atnospheric attenuation correction nodels for satellit e
IR data in the Gulf Coast region during the winter season • at which
tine atnospheric noisture varies significantly with tine. Sea state
and sea surface temperature measure ments are readily available , and
water vapor profiles are available fran detai led atnospheric soundings .
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• Analyze the therma l inf rared data along the Gulf Coast from the TI IOS-N
AVHRR and HRtR, LANDSAT C therm al Inf rared band 8, the NINBUS G therma l
channel , the Coastal Zone Color Scanner , and the infrared rad iate ter
of the heat capacity mapping mission of tie Applications Explorer
Mission.

• Test the ability of radi ate tric and atnospheric corrected satellite
data to accurately map sea surfa ce temperatures (both tine variations
and horizontal gradients) and for evaluation and intercxztparison of
sensors for detection of coastal oceanographic variability .

Coordinated meteorological and coastal ocean experiments will be conducted
in various and specific coastal environ ments using instrtirentation capatible
with present satellite sensors and appropriate diagnostic sensors such as
radio sonde , acoustic radar , recording thermistor s, and weather radar . In situ
parametric ground truth neasure nents will be made simultaneously . The correlated
data will be used to formulate meaningful algorithma suitable for determin ing
the significance of similar satellite sensor data.

The experiments will be set up at a convenient and app ropriate facility
such as NCSL Panama City , Florida or other selected field sites. Coordination
of the experiments can include a ninther of research groups and equip~ents
necessary to adequately oatplete the exercise . Appropriate reports , instru ment
verifications, irodel inpr ov~~ents , and presentations will be made during the
course of the program.

Tactics

• FY-78

-- r~ velop plans for two catplete experiments . ~~e exper iment during
the winter and the second durin g the sunmer .

-- Fabricate the necessary ocean instrumentation, place the in situ
instrtrents and coordinate aircraft sorties with satellite passes.

-- Process and analyze the data for sensor correlations with ocean
atnosphere features and conditions.

— Validate the satellite sensor data and report the results and
accxxplishnents .

• FY-79

-- 1~ peat the Ff-78 experiments using advanced instrunentation for
in situ measurements . Qte of the two experiments will be in a

p new coastal environment.
— (~~ tinua instrunent and nodel develorment and refinement.
— Issue a report on the validity of satellite instrunent data , nodel

capabilities, and water and air mass physics and dynamics.

P • Fi-80. 1~ peat the Fi-79 experinents using additional advanced in situ
instrunentation and a new coastal field site to provide additional
and varied environmental conditions for sensor validation .
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17. ~~VI ~~~~~~ SENSOR ASS FSS F~T

This is a classified project and tie details will not be covered here .

18. OCEAN TItFJ~~)UJ~.LINE DISTRIBUI’ICX9 FR]’1 SATELLITE RIMYFEIX SF~ SFD DATA

Strategy

The pur~xse of this research is to develop the capability to measure or
predict the oceanic thernohaline str ucture by means of satellite rcsir~te sensirt q .

P The ability to convert data to information has historically developed much
slowar than the inprovenent in data acquisition hardware. The en~~asis of the
parameter inference portion of this effort is on the extraction of useful in-
forii~ tion from existing sensors. No new hardware develop~ent is anticipated.

~~ different approaches will be pursued to reach the objectives of this program
elenent:p

• Direct Measurement ProVram. The Brillouin effect will be tested in
the laboratory to see if changes in the Bril louin shift can be detected
with sufficient sensitivity to be utilized as a renote sensing method .
This is necessary because the application of pulsed techniques, which
are necessary for ranging purposes , to Bril b u m  scattering is a unique
approach . The method will then be tested in one of the larrie tanks or
barge canal s at NSTL to determine if chan ges can be measured as a
function of depth . Ass~zning favorable result s fran those experiii~ nts
a feasibility study utilizing the laser systent and , e.g. CFD ’s, will
be initiated. Fran these studies correlations bet~~en the renotely
sensed frequency shift data and changes in tenperature and salinity with
depth can be made . Using this kind of ocean truth data for verification
at a nunber of points an att aipt will be made to chart where high density
gradients exist. Assuming favorable resul ts fran these studies , a co-
operative program will be establ ished with NADC to boild a state -of-
tie-art device using the techniques established in this proqram. IXir inq
the full term of this program, channels of a~ inuni cation (visits , report s,
søninars , and scienti f ic publications) will be kept open to insure that
no opportunity for cooperative studies is missed or no duplicative effort s
exist.

• Parametric Inference Program. Optimal parameter quantification algor-
ithns will benefit fran an integrated nultispectral and multisatellitep approach . Research will involve visible , IR and micr~~ave sensors on
all available satellites . Initial work will be with the IJ\NDSAT and
~~Ah satellites with the effort extending to SEASAT , r*~s~ and N]]’~ US
as this data becates available . Where possible , programs will be accom-
plished by cooperative efforts , with NASA, ~~~~AA, Coast Guard , and exist-
ing Navy funded renote sensing and oceanographic projects. Although
the direct measurenent and parametric inference approaches have been
described separately here, it should be noted that these will be capli-
mentary coordinated efforts. Satellite direct neasurenen ’- is many
years off so inference will have tie quickest pa~~ff .  H~~ever , prototype
laser syst~ ns could conceivably be used aboard aircraft as “ground truth’
for satellite systarts within a few years. The ability to convert dati
to information has historically developed much slc~ er than inprove~ent in
data acquisition hardware. The aphasis of the parameter inference por-
tion is on the extraction of useful information fran existing sensors.
No new hardware develop~ent is anticipated to inplcment this program.
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Tactics

• FY-78

— Provide detailed specificati ons and begin procurement of a
spectra~eter system.

-- Coordinate a short training course to familiarize scientists with
currently available digital image analysis techniques.

-- Accept delivery of digital image analysis system.

• 
-- Catplete installation of laser equi~ ient for laboratory studies.
— Use LIANDSAT data to denonstrate the utility of multispectral tech-

niques for oceanographic applications .
-- Caplete checkout and preliminary laboratory laser studies.
— Conduct several aircraft /surface vessel missions (in cooperation

• with other groups) to aoguire data for analysis of the bo~~dary
delineation and parameter measurement problems.

-- Analyze collected data from the laboratory laser studie s and repor t on
feasibility . Reazniend changes in program plan .

— Verify satellite tenperature accuracy and develop ~ ~ ht~~retica l
E frame work which enploys the renote sensed sea surface teirperature

as input for the forecasting of the ther mal structure .

• FY-79

— Ca~plete preliminary laser system field data coUection .
-- Caiplete analysis of laboratory and field studies data.
-- Catplete analysis and interpretation of laser system field data .
— t~ velop a cutputer software system based on the theoretical tem-

perature nodel developed in FY-78. The system will initi ~ 1 by be
checked out using existing climatological data.

— t~ sign and cu~duct a major oceanic field experiimnt (conceivably ,
extpboying SEASAT-A and D~~P satellites ) for verification of both
active and passive techniqtes developed to date.

— In support of satellite data analysis , begin basic field researct
into tie spectral scattering properties of various water types
utilizing the spectr aTeter system fran a ship or helicopter plat-
form.

— Expand the study fran sea surface tenperature into other parameters
especially those available fran the SEASAT-A micra~ave sensors.
Wind vectors will be the highest priority para meter .

• FY-80

-- Conti rne to conduct several aircraft/surface vessei missions (in
cooperation with other groups ) to aoguire data for analysis of
the boundary delineation and para meter measurement problems.

-- Analyze the data fran the above missions and report on feasibility.
RecanTend changes in program plan .
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19. ~WLThR V7~POR ~~RR~L’rI(],I1S IN TIlE T h E L  IR

Strategy

The purpose of this research is to develop autcinated, objective techniques
to correct thermal infrared observations fran satellites for athospheric con-
taxninants in orde r to alla~ high resolution defini tion of sea surface tempera-
tures to support oceanic ther nohal ine nodelling .

Techniques and algorithms have been developed to identi fy IR saiples which
are cloud contaminated and to meke corrections for atiiospheric water vapor.
These will be integrated into the system to fully aut omate the transformation
of raw infrared and visible scanning radiaTeter data into quantitative sea
surface tenperature vaLE s, produce analyses based on these measurements, and
prepare these data for input to related data bases .

Tactics

• FY- 78

-- Convert and integ rate algorithms to allow pro cessing of NOAA
satellite VHRR da ta for quantitative measures of sea surface
temperature .

-- Collect a sample of VHRR da ta coinciden t with sur face “ truth”
collection programs and evaluate the accuracy of satellite derived
sea surface temperatures in cloudy atho spheres.

-- Develop techniques for calibrating and correcting data that will
be forthcoming fra n the AVHRR sensor to be carried aboard the
TII ~DS-N satellites.

• FY-79

-- Collect AVHRR data in association with an intensive ground-truth
data collection program. The ground-truth data should include ,
in addition to ship SST measure ments , extensive atxrospheric
measurements fran aircraft and rad iosonde balloons in order to
allow verification of the satellite derived atnosphe ric corrections .

-- Perform detailed analyses of the data and evaluate the accura cy of
the satellite derived SST data .

-- Convert the results of this data and analyses for use with I~~ P
Block 5D-2 Optical Line Scanner data.

• FY-80

-- Collect and process a sample of direct readout E*4SP Block 5D-2
data in association with ground truth data.

-- Analyze and veri fy the SST retrieval algorithms on the I~’tSP
• Block 5D-2 data collected .

-- Plan and coordinate a test of the system in a Fleet exercise.
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20 • Ni~JANCEI) R~FRIEV7~L OF A~~~~PHER1C W~SS AND MDIS’IIJBE PRDFILES

P Strategy

The purpose of this resear ch is to develop improved techniques for deriving
mass-noisture and mess-tendency information fran satellite borne indirect
sounders and convert these data into useful inputs to numerical nodels , define
optimun relationships between mass-noisture structure parame ters and the inher-
ent informa tion contained in indirect sounding measurements, and develop
optthun methods for the extraction and conversion of these data into advanct’d
ntmer ical prediction nodels.

Tactics

• FY-78

— Test and evaluate current retrieval technique on data from the
I~4SP Block 5-D sounders.

— Explore techniques for incorporating information fran multip le
noisture channels into tie retrieval technique.

— Initiate developTent of techniques to optimally introduce derived
information into ntm~rical prediction medals.

• FY-79

— Explore techniques for incorporating microwave channels into the
retrieval algorithms.

-- Test and evaluate retrieval algorithm on NIMBUS-F High Resolution
Infrared Radicrre ter SpectrCaTeter data.

— ContintE developtent of technique to optimal ly introduce derived
information into ntrnerical prediction nodels.

— Convert retrieval algorithms to acci~Tu&a t~ channels in the HIP~S-2
instruTent to be flown on TIR)S-N.

— Convert algorithms to acoctmtdate n~~’ thai u~els to be incorporated
in the ~~~P 5—D-2 sounder .

• FY-RO

— Perform xvparative evaluations on the H1RS-2 and rI4SP 5-1> .
sounder data.

— Test and evaluate the irrpact of indirect sounding data on the
accuracy of nuterical prediction nodels.
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21. R~ .~ rE OCEAN SUBSURFACE T~~ ’ERM1JRE P~~~ILER (RJSTEP)

Strategy

The purpose of this research is to determine the feasibility of ren otely
measuring the open ocean subsurface temperature profil es and develop a renote
sensing capability that measures temperatures below the surface of the ocean .
These measure ments will provide quantitative data on air sea energy exchanges
which su~~ort meteorological and oceanographic prediction rrodels and also as
inputs for sound velocity calculatiais to predict performance of tactical
and strategic acoustic weapa~s syst~ T~ .

The a~~roach envisioned is to conduct a system analysis for establi shing
system parameters of a rrodel laser sensor in the visible reg ion for oper-
ational measurement of subsurface ocean tempera ture profiles , utilizing th~fact that the Raman spectra controid shifts with the temperature of the nediun.
Then, data fran field measure ments will be utilized with the feasibili ty nodel
sensor to define performance parameters for operational systens to meet Navy
measurement requirements .

Tactics

• Ff-78

— Catplete fabrication of optical ainporients.
— Fabricate electronic catponentS.
-- Perform laboratory test of optical carponents and catplete sensor.
— Carplete plann ing for field tests with NADC.
— Begin field measurement s fra n t~~~rs and ships.

• FY-79

— Cariplete tests and analysis of tower and sh. ~ measurement data .
— Install ~~~TEP in NRL RP—3A 149670 .
— Begin aircraft field tests of I~)STEP.
— Begin analysis of aircraft field measurements and evaluate

performance of 1~ STEP with NADC.

• Ff-80

— Qrplete aircraft field test measurements.
— Qiplete analysis and evaluation of aircraft test data with N?~i~~.
— Make decision regarding sensor maturity for transition to 6.3-

Advanced DevelopTent.
— t~velcp data package for I~~ TEP transition to 6.3- Advanced

Developtent.
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22. OCEN~)GRAPH IC DCPW ITATIC~ OF SATELLITE DATA

Strategy

The integration of the strategies and tactics fran the prior program
elements provides the ability to develop manuals and guides for Navy oper-
ational use of satellite data. The overall strat egy for this effort is two-
fold . The first portion of the stra tegy is to develop general and reg ional
guides for the tactical military oceanographic use of satellite data. The
general guide would give examples of selected oceanographic phenomena and
effects that can be delineated by t2’4SP, TIRDS N , NQAA and world weather watch
GOES satellites . Each guide would define and give examples of the critical
ocean features of an ocean region that can be delinea ted by E~~ P and other
satellite data. The region covered by the first guide will be the ~~di terra nean
and its adjacen t seas and gulfs. The approach will be to deri ve the criti cal
military information requirements that can be net by satellite data for genera l
ocean areas and derive the same requirements tailor ed to selected ocean regions
Regional satellite data will be collected fran in situ direct readout satellite
field units to show the temporal and spacial distribution of the ocean features
that furnish the needed information . Mathod s of catputer manipulation of
satellite data to better furnish this information will be explored and de-
veloped . ~~~ results will be published in a series of general and reg ional
guides for tactical utilization. Although ~~~P data will be stress ed , other
applicable satellite data will be used .

~~PRF has initiated a series entitled “L~ SP Tactical Applications Guide
Series , Voluie II-E~vironnental Phencxtena and Effects.” A third volt~~ on
regional applications is to be a cooperative effort by NEPRF and NORDA, where
~~~RF will be responsible for the meteorology and NORDA for the oceanography .
The first regional guide will cover the t.~diterranean and its adjacent seas
and gulfs. The period to collect data for inclusion in Voluire II will be
three n~~ ths with the voline ready for publica tion three nonths later . The
period to collect the data for the third voitme will be one year with the
guide ready for publication six nonths later . The one year period will be
necessary in order to accumulate sufficient data to derive seasonal varia tion s
in the Maditerranean area. During this peri od , satellite data from other
regions will be collected and analyzed in order to expedite the production of
guides for these regions if selected and approved.

During the production of the Maditerranean guide , Navy users and field
activities in the Mediterranean region will be approached to derive the in for-
mation which they believe to be nost useful fran satellite data. In addition ,
manipulative studies will be made of the data to derive methods of extracting
information not apparent at this tine. All available satellite data will be
examined in addition to that of the Ct~ P to derive information for tines or
spectra l ranges not avai lable in the ~~~P data .

The second portion of the strategy is to develop satelli te and renote
sensing analy sis techniques for environmental nonitoring app lications.
Experimental field and laborato ry programs will be conducted in cooperation
with other groups in the Navy , acade mic institutions , and various government
agencies .
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Tact ics

• It is estimated that the first 15 ironths will be spent assezthling the
P data for full seasonal coverage of the Mediterranean c~uide ~hile

simultaneously finishing Vol~ure II .  F ina l pub ].icati cn of Vohum~ I I
will occur within 12 nonths, with the first guide of the third voluire
a year later.

• Techniques will be developed for the utilization of satellite data
for environmental applications related to Naval operations, such as
ocean dizping ironitoring, protection of offshore assets, rnaritiire
inshore environmental quality , and deposition of dredge spoils . These
applications will be pursued on a reirrbursable basis with minor expen-
ditures of base funding for developtent of data to denonstrate feasibility .

23. BATHY~~~RY AND COASTAL ‘IOPOGRAPHY

Strategy

The purpose of this research is to determine the optimum bandwidths ,
wavelengths, and orbital configuration for satellite imi].tispectral scanning
applications to inshore bathynetry of variously turbid waters.

High altitude aircraft will be used to fly a imultispectral scanner nodi-
fied to test variously filter controlled wavelengths and bandwidths over
coastal waters of varying degrees of siltation and turbidity. These flights
will be flown at select times of the day along specific tracks to differentiate
sun angle and intensity attenuation.

Tactics

• FY-78

-- ~.bdify the existing multichannel line scanner based on previous
Ct~R research f indings.

-- ~~thance the computer node]. for handling and analyz ing this data.
-- Begin flight tests with high altitude aircraft.

• F1-79. ~~ntthue flight tests with aircraft defining optimum bandwidths ,
wavelengths, and sun angles for variously turbid waters .

• FY-80

— O~ntinue flight test to determ ine the mitber of overpasses of an
area required to obtain a 90% degree of probability of correct
depth readings for water of varying current speeds .

— Finalize the cixputer program and define the orbital frequency
necessary for the operational system.
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24. IDE~rrIrY, TRACK, AND P?~ )ICT ICEBE~ 3 DRIFF

Strategy

The purpose of this research is to identify, track and predict iceberg
drift using satellite and automated data processing techniques . There is a
need for developing satellite capabilities that meet and isiprove upon current
airborne techniqt~ s for locating and tracking icebergs and for predicting their

$ drift. By conducting closely controlled and coordinated satel lite , airborne ,
and ground truth measurement programs, the capabilities of current and proposed
satellite systems can be determined for locat ing and tracking icebergs and for
supply ing information necessary for predic ting their drift . ~~ce the potential
of each satellite system has been determined, the rrost promising systems will
be studied for enhancement and aut omatic data processing capabilities which
can be applied to aut omatica lly identif ying icebergs , predicting their drif t
tract , and updating as additional information is supplied.

Tactics

• FY-78

— Conduct a coordinated aircraft, 1~~SP, LANDSM, and classi-
fied satellite evaluation field exercise . Select areas of probable
large size and high nuther icebergs based on Coast ,Guard inter-
national Ice Patrol experience. Per form a ca~parative resolution
capability evaluation of the satellites using aircraft data as
“ surfa ce truth.”

-- Ccrplete an evaluation report of this exercise .
-- Initiate signal processing and interpretation techniques.

• FY-79

-- Evaluate SEASAT synthetic aperture radar dat a capabilities f~r se~ice and iceberg research. Carçia re SEASAT data with classified
satellite data.

-- Conduct a coordinated aircraft , iceberg, SEASAT, and classified
satellite experiment in Baffin Bay. Perform a feasibility study
of size-determining capability of the highest resolution satellite
syst~~ . Bepetitive satellite data will be used to determine drift
tract of select observable icebergs . Icebreakers will conduct
ground truth measurements in conjunction with aircraft. Current
measure ments and meteorological data , accurate navigational f ixes ,
and size measure ments will be collected during these experiirents.

• Ff-80

— O~ p1ete a technical report of the FY-79 mission.
-- Utilize state -of-the-art signal pro cessing techniques to enhance

the capabilities of selected satellite systeirs.
—- Develop drift irodels .
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25. SATELLITE OBSERVATI~~S W SUPPORT A1~~FIC ~~VII~~~ME~ T1\L STUDIES AND iCE
PREDICFIO~

Strategy

The purpose of this effort is to utilize satellite r~ rote sensor obser-
vat ions and navigation and data relay capabilities to provide required tir~-space sea ice feature distribution and notion char acteristics for use inArctic environmental studies to support develo~ztent of sea ice prediction
irodels and near rea l-tiire ice prediction techniques.

Plans are to design and participate in the collection of coincident time-space sea ice data from satellite , airborne , and surface platforms . Cap abilities
to interpret satellite sensor sea ice data in terms useful to resear ch investi-gation and operational objectives will be evaluated . Processing techniques
to enhance and format data for user application will be developed . Satellite
data btx y interrogation and data relay programs to track ice notion and receiverelated atirosphere and ocean parametric data will be generated . E~rphasis will
be on the marginal ice zones in support of ASW and mine warfare objectiv es .

Tactics

• FY-78

Design and participate in airborne and satellite wincident data
collection programs.

-- Evaluate and develop satellite data interpretation capability.
-- Develop interactive techniques using softwave systeme to enhance

ice feature edges , renove ras ter bands , and study spectral
response . Apply inage color densitareter techniques to deterinin ~ice age and thickness and water feature distribution.

• FY-79

— Extract and bank useful time-space parametric ice data.
-- Generate a sequential satelli te data collection program over the

ice covered Greenland Sea to classify ice forms and to tr onitor
deformation and notion.

-- t~ sign and par ticipate in data collection fran airborne and
surface platforirs coincidently with data collection from SEAS~ [.

— Ini tiate data relay and ice floe tracking experiments in the
Greenland Sea.

-- Generate experimental forecasting program with FLEWEAFAC and use
satellite data to analyze the accuracy of the forecast.
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26. SATELLITE RE24~FE SENSING FX)R SNOW/ICE COVER OVER L?.ND

Strategy

The purpose of this research is to develop and evaluate satellite renote
sensing techniques in order to identify, measure , and discriminate physical
parameters of snow/ice cover over land in the polar regions. The parameters
will include snow/ice cover areas , density, thickness, surface roug hness ,

P liquid water content , albedo, and surface telTperature. This will be performed
by carrying out ground truth investigations with the cooperation of other
organizations and utilizing multi-sensor satellite data and man-machine
interactive analysis techniques. The trans fer mechanisms of mass, energy ,
and n~~~ntun for air /snow/ice land layers will be investigated arid irodels
will be developed for the prediction of the tençora l and spatial variations of

P snow/ice cover over land .

Tactics

• FY-78

— Participate and perform ground truth investigations for SEASAT
with the cooperation of the Center for Cold Ocean Resources
&igineering (C-CORE) and the ~~noria l University of Newfoundland .
Initiate a study of the transfer mechani sms of mass, energy , and
n~~~ntum over snow/ice cover in relation to the renote sensing
measurements . E~~hasis will be on snow and ice studies using the
SEASAT synthetic aperture radar .

-- Plan and perform ground truth investigations for satellites such
as [lISP , TII~)S-N, and LANDSAT utilizing the facilitie s of the
Naval Arctic Research Laboratory (NARL) . The main objective or
these investigations will be to deter mine the capabilities of
the multi-sensor systems to identify and discriminate snow ar id ice
parameters in the visual and IR spectral ranges.

— Develop identification and interpretation techniques for snow/ice
density, thickness, liquid water content , albedo , and surface
tenperature by visual arid IR sensors of [lISP, TI!~ S-N and LANDSI\T C
satellites .

• FY-79

-- Investigate ar id evaluate the potential capabilities to measure and
discriminate snow/ice area distribution arid density , thickness ,

• surfa ce roughness and liquid water content using the synthetic
aperture radar and the scanning multichannel microwave radi ateter
systens on SEASAT A.

-- Investigate and evaluate the capability to measure the snow/ice
cover area and liquid water content using the passive microwave

• systems on NIMBUS-G.
— Perform ground truth investigations for the scanning multi-

channe l microwave radic ieter at NARL.
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27. SATELLITE ALTIMF~~ R OCEANOGRAPUIC ANALYSIS

Strategy

Precise determina t ion of the height of the geoid is essential for finding
the deflection of the vertical for strate gic applications . Further , the di f-
ference between true geoid height and measured sea height at a given location
is a function of the oceanographic effects of geostrophic cur rents , ocean tides
and water mass anan alies , all of which are l~~ortant constituents of the
general ocean circulat ion . This effort will use SEASAT precision alth~~ter
data with measured surface gravity data to determ ine the topography of the
geoid and the associated oceanographic features.

SEASAT altimeter measurements of sea surface height will be used to nap
the geoid, isolate geoid ar~~nalies, and inte rpret them with density nodels
of the earth for prediction of gravity ancsnal ies in re~rote oceanic reg ions .
indiviaual residuals of sea surface heights fran geoidal heights will be can-
pared with measured geotrophic currents . Tidal constituents will be identi-
fied and subsurface ther mal feature identification will be att enpted for rings
arid eddies.

Tactics

• FY—78

— Calculate gravity averages fran ship data and determine the detailed
gravixretric geoid.

-- Carpa re this information with altimeter data in order to evaluate
alt imeter performence and determine deviations of the sea surface
fran the geoid.

• FY-79

-— Isolate geoid ananalies with filtering techniques. !kxlel anana.lies
with direct and inverse techniques.

— catpar e oceanographic residuals of altimeter data with hydrographic
station and ~~r data .

28. MULTI-SP~L’1’RAL R~~~~E SE~4SI~~ OF A’IMJSPHERIC Q~~STI’flJEN1’S

Strategy

The purpose of this research is to develop thjective techniques to derive
environmental information relevant to Navy requirements fran multi-channel
passive microwave data into geophysical units , evaluate relationships using

• real data fran SEASAT, NIMI3US-G, and ~~~P satellites , and relate the output
parameters to Navy operational and environmental support requi r~~ents .

Tactics

• ri-lB

-- Establish response and resolution characteristics of the 5-channel
passive microwave radiateter to be flown on NIMBUS-C arid SEASAT-A
satellites and evaluate their potentia l for defining cloud liquid
water content.
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-- Perform case studies to evaluate the accuracy to which the vertical
profile of divergence associated with tropical storms can be in-
ferred fran microwave radia~eter data .

• FY-79

-- Collect, analyze arid interpret SEASAT and NIMBUS-G data in terms of
atzrospheric cloud liquid water content and water vapor content.

— Perform additional studies to evaluate the potential of deriving
divergence fields fran multi-channel microwave radiometer data .

-- Initiate work on inversion techniques for use with the I~~~S in-
strunent to be flown on the [lISP SW vehicle in 1981.

— Initiate work on conversion of liquid water content and water
vapor information to parameters of direct use as tactical indices
in electrooptical and electranagnetic system performance criteria .

• FY-80

-- Ca-itinue work on inversion techniques for the R t I S  instru ment .
-- Perform simulated studies using divergence fields inferred fran

microwave radiateter dat a , rotational ocUponents of the wind field
derived fran Ceo-stationary satellite data , and vertical tenp.~ra-
ture and noisture fields derived fran indirect sounders as inputs

• to fine-mesh numerical tropical storm nodels.
— Cont inue work on the conversion of liquid water content and wate r

vapor information to parameters of direct use as tactical indices .

• Fi-81

• — Collect , analyze and evaluate data fran the I~~.tS Space Test Program
instrunent for the definition of detectable parameters.

-- Continue work on the conversion of the microwave radiareter to
tactical indice s.

— Continue work on the iripact of satellite data on the accuracy of
nunierica l tropical storm predictions .

29. ADVANCED SE~ SORS ~OR A~~~~PHERIC ~~)P~~ATURE AND ~ )ISTURE PF~)FILES

• 
Strategy

The basic strategy is to improve the basic knowledge of the technology in
the areas of detector materials and sensitivity, filter bandpass, and interfero-
meter and neterodyne capabi lity in order to permit the developre nt of advanced
atnospheric indirect sounders for deplo~rent in the 1985-90 tinefrane.
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I
The approach envisioned is to survey projected technological develop-

ments to ascertain the areas of highest potential technological advances
that can be expected in the next decade . Those areas will be pursued thdt
offer the highest potential for produc ing a multi-channel indirect sounde r
which will provide spatial , vertical, and absolute resolution of at3rospheric
state parameters required to satisfy Navy environmental requi rements . thannel
bandwidths bets~’een 0.5-4.0 wavenunters or less in the water vap or , carbon
dioxide , and oxygen absorption bands are the design goals.

I ,

Tactics

• FY-78

— Perform a survey of current state -of-the-art and future potential
• of optical technology relevant to the infrared portion of the

electra nagnetic spect rtin . This survey will include detectors ,
filters , advanced interfera reters , transmission function accuracy
in water vapor , carbon dioxide and ozone absorption bands , and
mathema tical retrieval techniques.

• 
— Perform a similar study for passive micr owave technology .

• FY-79

— Based on the results of the survey of optical technology , writ e
specifications for the developren t of required technologica l iim-
proveirents in order to allow developnent of an advanc ed indin~ct
sounder for the 1985—90 tizre frame .

— Based on the results of the passive microwave technology study ,
write specifications for the developient of an advanced micro-
wave sotnider for the 1985-90 tinefra me.

• — Let basic research contracts to develop the required tethnoloqv
developed in the above two FY-79 items.

• FY-80

-- Continue developient of the required technology in the third item
p of FY—79.

-- Design and fabricate breadboard nodels of advanced indirect sounders .

• FY-Bi

-- Fly a prototype instrtnrent on a space test vehicle .
-- Transition efforts to 6.2-Exploratory Developrent or 6.3-Advanced

Developre nt areas.



30. POSITION DETERMINATION OF SATELLITE R}14Y~E SF~ SOR DATA

Strategy

The purpose of this effort is to develop advan ced algorithm s capthle of
rr ore precise positioning oceanographic , ath~ spheric and cartographic satellite
renote sensor data. The effort will be direc ted toward improving the rcla tive
positional accuracy of significant parameters as well as the ir absolute posi-
tion on the earth ’s surface . The rationale , methodology , software and data
reduction procedures for fitting the satellite data to an earth reference
cartesian coordinate system will be developed and perfect ed . Navigation
snoothing and data analysis nodels will be developed to help determine and
reduce positioning error sources. These irodels will be designed so as to
Irost nearly achieve the horizont al and vertical measurement accuracies set
forth for the various parameters in the require ments .

The general approach will be to develop accurate digital data bases to
use as a basis for positioning the desired satellite data . A preliminary
positioning of the observed data on the data base will be accctplished using
predicted and observed satel lite ephemerides . A nore precise fit will then
be statistically caiput ed by incorporat ing available surf ace datun’~ with correc-
tion factors derived fran the navigation snoothing and data ana lysis nodels.
As the volune of redundant data increases it will be used to continually up-
date and iiiprove the original data base. Relative positional accuracy will
also be increased using statistical ~ roothing and best fit techniques.

Tactics

• FY-78

-- Formulate the ra tionale and methodology for developing accurate
digital data bases to be used as a basis for positioning the satei -

lite data.
-- Develop and test the software to generate these data bases.
-- Investigate methods of predicting and caiputing satellite ephemerides

and select and incorporate the ones nost suitable into the system.

• FY-79

-- Develop and test navigation snoothing and data analysis nodels
designed to determine the source of err ors and the reduction of
these horizontal and vertical positioning errors .

— Develop and perfect techniques to statistical ly ccztputer a best
fit for the satellite data to available surface datum by incor-
porating the corrections desired for the navigation snoothing
nodels.

B34



• FY-80

-- Develop software to enable the incorpora tion of redundan t d]ta in to
the data programs .

— Once perfected , test the entire procedur e to insure that thc stated
accuracy requirements can be satisfied .

-- Prepare a canpl ete set of documentation to accaipany the progra~s.

31. INTERACTIVE GRAPHIC S DISPLAY FOR NAVY VIR(I~1E2~TAL R JIR E~~~TS

Strategy

The purpose of this research is to develop hardware and software inter-
active graphics display system for use at all levels of the Navy Environmen tal
Support System. The system will provide for ingestion , processing , display,
and extraction of information fran in situ and reirotely collected environmental
polar and geosynechronous orbiting satellites . Additional attention will be

S devoted toward interfaci ng this type of system with oani~nd and control and
other operational systems.

Based on the feasibility nodel display device currently operating at NEPRF ,
it is planned to develop an upgraded system taking advantage of the rapidly
expanding ininicaxputer technology . A f lexible system will be developed for
acquiring, processing , displaying and extracting infor mation from operational
satellites such as U ISP , TIPO S-N, GOES, and SEASAT. The softwar e develop~~nt
will be nodular to allow interchangeable application of algor ithms to data frorr
different satellites.

Tactics

• FY 77

— Continue processing and developtent of soft - ‘~~
‘ for rZISP and mapped

polar sterogra phic data.
— Continue software developtent to interface GOES Acquisition and

Data Handling System.
— Continue software developre nt to allow processing of satellite

data with FF’r board.

• Ff-78

-- Upgrade display device minicaputers to the ~~VA Eclipse axxl adapt
interface electronics .

— Carplete software for pro cessing ~t4SP and mapped polar stereographic
satellite data .
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-- CaTpl ete software for analy sis of satellite data using FPI’ bcxird .
—- Inpiement navigation software package for the GOES satellite on

the display device.

-- Caxt~ence test and evaluation of autc znated cloud trackina system
using realtime GOES data.

-- Implement software to convert cloud notion vector end points f rom
image coordinates to earth located coordinates.

-- Based on the St.Q-6 antenna system upgrade, design a data ingestion,
processing, and storage system that will allow full digital pro-
cessing of TII~)S-N direct readout API’ data.

-- Design a system upgrade that will allow acquisition of TIROS-N
and 1 1ISP high resolution direct readout data.

-- Procure the antenna and pedistal and let contracts for the above
two items.

• FY-79

-- Inplenent objective analysis program on display device.
-- Inplenent ephemeris program for polar orbiting satellites on com-

puters .
— Convert and wr ite a general purpose program to convert satellite

data from scanline coordinates to polar stereographi c and mercator
projections .

-- Upgrade SST extraction program and analysis nodules .
-- Implement other applicati ons software and algorith ms as they become

available fran other efforts .
— Install system and checkout at land research facility .
-- Develop and convert software for calibration , earth location , and

enhancement of the data on the microprocessor system.

• Ff-80

— Camence work on transforming environmental data into tactically-
specific indices .

-- Perform a realtirre denonstration with FN’VC to provide cloud notion
data as an input to nur erica l nodels .

-- Develop software to allow ingestion of locally acquired conventional
environmental observations .

-- Integra te the system using locally acquired direct readout satellite
data .
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• FY-8l

-- Install feas ibility rrodel system on an operating ship and evaluate
in a Navy exercise.

-- Design a proto type system for (~eration Evaluation using sta te-of-
the—art technology .

-- Continue work on inplenentation of applications algorithms .
• -- Cont inue work on transformation of environmental data to tact ically-

specific indices.
-- Write specifications for a prototype system for test and evaluation

at a Fleet Weather Central.

• • Fy-82

-- Procure pro totype system.
-- Convert all software to the protQtype system and optimize for

operational use .

• -- Install the prototyp e at Fleet Weather Central .

32. SYSTE74S UPGRADE FOR ThE S~~-l0 ~ND I?4~-29

Stra tegy
I

The basic strategy is to procure prototype hardware and upgrade and develop
software nodules for the S~V-l0 and the ThQ-29 to function as self-contain ed• environmental support centers . Utilizing solid state , microprocessor, integrated
circuit, and CR’l’ technology , upgrade the ~~V-lO and 1’!4)-29 systems to allow
full interactive grap hics manipulation of environmental data . Software nodules

$ will be developed to allow efficient extraction of tactically significant
environmental parameters . The feasibility of interfacing this system directly
with weapons systems for aut ai~ tic input of environmental factors will be ex-
plored .

Tactics

• FY-78

-- Design and procure an interactive , softcopy display device to be
integrated into the -10 and ‘1T.V-29 simulator systems .

1 -- Implement existing S~~-10 operating and applicati ons programs and
become familiar with their operation.

• FY-79

-- Initiate conversion of special purpose applications software to
the SM�-lO simulator.
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-- t~bdify and upgrade the DATACRAFr-5 operating system software to
allow efficient expans ion.

— Initiate developtent of new applications software .

• FY-80

-- Continue conversion of existing applicat ions software .
-- Continue developtent of new applications software.
-- Initiate developnent of software to convert environmental para meters

into tactical indices .

• FY-8l

-- Continue developtent of new applications software .
— Contin ue developre nt of software to convert environmental para meters

into tactical indices .
-- Explore feasibility of interfacing upgraded ~ V-10 system directly

into weapons systems.

• FY-82

— Denonstrate the utility of the system in a simulated operational
environnent.

F —- Write specifications for prodtx~tion retrofit of operational ~4Q-lO
and ‘fl~V—29 systems.

4.
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