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FOREWORD

The study reported herein was performed for the Depart-
ment of the Navy's Office of Naval Research on Contract Nonr
4826(00), Contract Authority NR 277-020/1-18-65, under the
cognizance of Mr. Emanual Hzynes. The work was carried
out at MITHRAS, Inc., in the Electromagnetics Division under
the direction of Mr. Don H. Ross.
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ABSTRACT

Research on the implications of using electro-optical techniques
for gross ocean surface surveillance from astronautic systems has
been czarried out. The ranges of radiating temperatures to be ex-
pected of typical surface ships and the ocean background have been
established. The signal available for detection per degree of tem-
perature contrast between typical surface ships and the ocean was es-
tablished for orbit altitudes of from one hundred to four hundred
nautical miles. In turn, the temperature contrast between typical
surface ships a2nd the ocean required to achieve detection was estab-
lishzd as a function of scan angle for a specified optical system using
a long wavelength detector and operating at 200 nautical mile altitude.
Ccrrespondence was maintained between the irradiance at the collector

ard the scan angle to allow for the e‘fects of atmospheric transmission

and range changes,

Included in the overall study were a review of currer.i ocean sur-
veillance methods and an estimate of current and future ocean traffic.
Some characteristics of clouds as a background constituent were es-
tabliched, Consideration was also given to the problems of tracking,
recognition, classification, resolution requirements and man's role
in a satellite,
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IMPLICATIONS OF THE STUDY TOWARD FUTURE
RESEARCH AND DEVELOPMENT

The study presented herein establishes that during a large portion
of the day and night the temperature contrast between many of the sur-
face ships of the world and their ocean surroundings is adequate to
permit detection and tracking from low satellite orbits using available
background-limited detectors operating in the 7.5 to 14 u spectral
region in conjunction with a state-of-the-art optical system of rela-

tively modest dimensions.

Since the anomaly presented by a ship on the sea might be dupli-
cated by the presence of other objects in the field-of-view of an
infrared system, the next desirable step to take towards establishing
the feasibility of a total system is to formulate the logic which enables
the system to recognize that the anomaly it perceives is indeed a ship
and not a cloud, an airplane, a piece of land, an iceberg, etc.
Characteristics which might be considered in formulating the recog-
nition process are size and shape of the object, the apparent tempera-
ture of the object, speed of the object, spectral content of the scene,

polarization techniques, etc,

Another pertinent facet of the problem which shouid be pursued is
automatic shape recognition to provide for the classification oi ships
and possibly their identification. Subsequent to the derivation of logic
systems to carry out recognition, classification, and identification, an
experimental program should be carried out to substantiate the princi-
ples derived and certify the performance of the hardware required.
Other programs of importance are: a sensitivity analysis to deter-
mine the dependence of the accuracy of ship location to such quantities
as errors in ship heading and speed, satellite location and speed, and
satellite instrument errors; and an investigation of the trade-of' oa
data handling requirements for satellites, ground based relay stations,

and ground based central processing units,
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Haunting any study dealing with reconnaissance of the earth from
airplane or satellite is the degrading effects of clouds. An indication
of the true practicality of any reconnaissance system would derive
from a consideration of cloud cover statistics and detection probabili-
ties and their limitaiicns onthe achievement of the goals of the system.
To properiy assess the interrelationships of cioud cover and the prac-
tical operation of a satellite-based surveillance system using only a
particular portion cf the electromagnetic spectrum, one must use

- zloud cover statistics based only on that portion of the spectrum. In

view of the results of ‘he study presented herein there is need then to
acquire and analyze the statistics on cloud cover, and the emission
and reflection characteristics of clouds in the 7.5 to 14u region
of the spectrum.
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AMVER

CARDE

CINCLANT

CIRVIS

CNO

CONUS

ELINT

FISHSIGHT

FLAG PLOT

HF/DF

MEREP

MERINT

MERSIGHT

SECRET |

Automated Merchant Vessel Reporting System. A voluntary
system for merchant ship position reporting.

Canadian Armament Research and Development Establish-

ment.

Commander in Chief, Atlantic.

Civilian reports of visual sightings of airborre objects.
Chief of Naval Operations.

Continental United States

Electronic Intelligence.

Naval report of a si.gyfing of a group of fishing ships.

An enclosed tactical :;r;d navigzational center used by the
Flag Officer and A:ir Staff in exercising tactical command
of ships and aircraft.

High frequency direction finding net.

Peacetime daily reports of merchant shipping by designated

reporting officers.

Civilian reports of visual sighting of certain ship movements.

Naval report of sighting of merchant ship or a single fishing

ship.
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MMDPU Merchant Marine Data Processing Unit.
MRCC Movem=at Report Control Center.
MSTS Military Sea Transport Service — ocean freight arnd

passenger service for DOD.

NAVCOSSACT Naval Command Systems Support Activity.

NAVIC Navy Information Center.

NCSO Naval Control of Shipping Officer.

NIRM Naval Intelligence Requirements Memorandum.

OCEAN- Qcean Systems Atlantic.

SYSLANT

ON1 Office of Naval Intelligence.

OPCON- Op:rations Control Center.

CENTER

SECNAYV Secretary of the Navy.

SECDEF Secretary of Defense.

SOSs Sound Search Stations.

SOSUS Deep water passive sound surveillance system.
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1. INTRODUCTION

Ocean surveillance can previle a wide spectrum of information
covering both peaceful and military needs. A good example of a peacetime
ccearn surveillance system is the Automated Merchant Vessel Reporting
System (AMVER) operated by the Coast Guard. Its prime reason for being
i : is search and rescue at sea. It is an international maritime mutual aid

5 program in whaich ships oi approximately 60 nations voluntarily radio their

E sailing reports and pericdic positions to AMVER. Should any of the stips en-
counter an emergency situation while at sea, AMVER, upon becoming aware
of the situation, directs its ccmpiters to determine the nearest cooperating

ships in the area so that they may offer assistance to the ship in danger. On
the other hand a system with military utility is the Movement Report System,
which monitors reports on al! Naval ships and command movements. The

system operates on the basis of prefiled planned destination, estimated time

e e~ R D

of arrival, speed of advance <tc. Subsequent large deviations from the
original plans are also moritored. Thus reliable information is available for

use in operations, search and rescce, and administration.

Ocean surveillance systems have been in operation for many years
under the direction of a variety of Navy and Coast Guard agencies. These
systems ssem to have evclved as a succession of responses to implement
[ specific requirements with subsequent improvements based on operating ex-
[ perience and the incorporation of teci:zoiogical advances. Attempts to
i organize the individual systems into a single cohesive system have been

minimal,

Recently, however, the Navy provided for futurs efforts to establish
ar integrated ocean surveillance syriem by publishing a General Operational
Reguirement No. 35 on Ocean Surveillance. This GOR pertains to a capability

e -

for ocean surveillance derived both from systematic obgzervations of ocean

|

areas and from reporting systems. The objects to be monitored may be on

the surface, beneath the surface, or above the surface of the sea. The product

- R Y ey
-

of the surveillance system is to be correlated information to support naval

operations including intelligence activities and naval and national planning.

— 1 MC 65-145-R2
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The ccean surveillance capability is to encompass the acquisition and collec-
tion of input information pertaining to ocean traffic and ocean environment,
the processing of this information, and the dissemination of the appropriately
processed information to the proper naval and national authorities.

It is pointed out in GOR No. 35 that one of the high priority studiey
and development efforts required is one which will provide for increased air

and space borne surveillance capabilities for detecting and tracking surface
and air ocean traffic,

Unaware of the above official requirements but knowing that potential
improvements in electro-optical search, detection, ard track techniques
coupied with the use of satellite platforms offered the possibility of increased
effectiveness in oc=an surveillance, MITHRAS, Inc. in December of 1964,
submitted a proposal to the Office of Naval Research to-study the implications
of electro-optical techniques for gross ocean surveillance. Subsequently ONR
issued Contract Nonr-4829(00) to MITHRAS on 1 April 1965 to carry out the
investigation.

Included in the study are the following considerations:

1. Feasibility of using eiectro-optical techniques for ocean surveil-

lance.
2. The mouvt promising techniques.

3. A preliminary estimate of performance in terms of system

characteristics.
4. The importance of the human operatcr.
5. Specification of additional data requirements,

6. Subsequent R & D efforts to verify and test the promising system

concepts.
The study is to reflect the probable capabilities of the 1970-1980 time period.

A porticn of the time ailotted to the contract was devoted to a litera-
ture survey to establish the current knowledge on ship signatures and back-

ground radiation, (The reports acquired in the course of the study are listed

2 MC 65-145-R2
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in Appendix A.) On the basis of effective radiating temperatures and emit-
ting and reflecting characteristics of typical ships and probable background
constituents it is possible to establish the magnitu-ie of the contrast signal
which will be available for detection, tracking, recognizing and classifying
ships. Consideration of the spectral distribution of the emitted and reflected
energy together with the spectral intervals that permit good atmospheric
transmission indicites the types of sensors which might be suitable for use
in 2 successful sy~tem. The field of view of interest, the contrast signal
available, the characteristics of the detector material to be used, and the
resolving capability desired, all combine to determine the basic character-
istics of the optical system required to gather the ~adiation and focus it on

the detector.

A review of current systems of ocean surveillance was undertaken to
acquire an understanding of their capabilities and their deficiencies. Closely
allied with this effort was one devoted to a determination of the number of
ships of possible interest in the world today and in the future, and the result-
ing number of ships which might appear on the oceans at any one time. A
consideration ¢: the numbers of ships involved indicates the magnitude of the

data handling inherent in the prublem.

Alsc considered in the study was the importance of man in a satellite
based surveillance system and a discussion is presented of some of the ways
in which a man on board could contribute to a successful ocean surface sur-

veillance mission,

3 MC 65-145-R2
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2, CURRENT AND FUTURE OCEAN SURFACE TRAFFIC

2.1 Current Traffic

The number of ships which must be observed by an ocean surveillance
system depends on the use to be made of the data obtained by the observations
and relates to what sizes and kinds of ships will constitute sources of infor-

mation pertinent to the achievement of the goals of the system.

The use for military systems is usually defined in an ""Operational
Requirement'" document which establishes bounds for the particular problem
of interest. The Navy has recently published Ges.zral Operational Require-
ment No. 35 on Ocean Surveillance in which some of the requirements per-

tinent to this study are (using their numbers)

1. Maintain current position, track and identity information on all

surface naval units.

2. Maintain current position, track and identity information on all

submarines,

3. Maintain current position, track and identity information on

significant merchant shipping of 1000 gross tons or greater,

Similar information on shipping down to 100 tons displacement

to be maintained in specified geographical areas,

How many ships there are throughout the world in the above three
categories is rather difficult to say, With respect to categories 1 and 2
Reference 1 indicates that there are a total of 12, 857 fighting ships in the
world of which 856 are submarines., This total includes such smal) ships a3
motor torpedo boats, motor gunboats, fast patrol boats, river gunboats,
landing craft, etc. It also includes ships in reserve but not those under con-
struction, This number is therefore high in its indication of active ships but
should an international emergency develop many or all of the ships in reserve
would become active again, In considering category 3, one must be careful
of the nomenclature, The term gross tons indicates the cubic capacity of a

vessel inclusive of hull, erections, and superstructures, but with exemptions

4 MC 65-145-R2
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for wheelhouse, galleys, stairways, etc. (Reference 2). In these terms one
ton is 100 cubic feet, Displacement tonnage, on the other hand is ''the

weight of water displaced by the vessel whether in light or loaded condition
and is in fact the actual weight of the vessel and all that is contained therein."
(Reference 2). Reference 3 shows that as of 31 December 1964 there viere a
total of 18, 115 oceangoing steam and motor ships of 1000 gross tons and
over. This number excludes ships operating exclusively on the Great Lakes
and inland waterways and special types such as channel ships, icebreakers,

cable ships, etc. and merchant ships owned by any military force.

Statistics on ships of over 100 ton displacement are not readily
available but Reference 4 presents data on merchant vessels of 100 gross tons
and over. This latter limit represents a larger ship than the 100 ton dis-
placement ships. In 1963 there were 37, 310 such vessels owned throughout
the world. Excluded from this number are sailing ships, nonpropelled craft,
and all ships built of wood. This information was obtained from previously

unpublished data of Lloyds Register of Shipping, London. Thus the approxi-

mately 37, 000 ships of 100 gross tons and over together with the approximately

13, 000 naval ships, agrees with the total of 50, 000 ships in the world sug-
gested i Reference 5.

How many of these ships appear on the oceans of the world at any one
time is important because it is indicative of the data handling requirements of
the surveillance system. In Reference 6 is showu a typical ship density
diagram which was based on data collected in October 1962 and provided by
the Office of Naval Intelligence. This diagram shows 8, 658 ships distributed
over the world oceans, It is not known what distribution of ship size is in-
volved in these data since the study in which they were used made no attempt
to classify ships according to tonnage. MITHRAS recently received from
ONI a similar World Shipping Density Chart, dated June 12, 1964, This
chart indicated 9, 299 ships on various waterways of the world, Again the
types of ships involved in the count are not known but one ranight infer that
ocean surface traffic on the average increased in approximately two years by
over 600 ships, This could indicate any of several things, i.e., (1) an in-

crease in ships over a given size on the ocean at one time, (2) Juring this

5 MC 65-145-R2
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period the Navy has included other classes of ships in their field of interest,
(3) the Navy has improved its methods for counting ships, or (4) it might be
the tolerance for this sort of estimate.

More indicative of the amount of shipping on the worlds oceans at any
one time involving ships of 1000 gross tons or greater are the results of the
ONI study of 1958 from Reference 7 tabulated below:

Area No. of Ships
Atlantic 3400
Pacific 929
Indian 575
Mediterranean 560
Baltic 200
Total 5664

Assuming that this number of contacts could be handled uniformly
throughout the day by a single surveillance vehicle, there would be 236 con-
tacts in an hour if no duplication occurred. This corresponds to approximately
15 seconds to detect, recognize, classify, and identify each contact. Thus
even with this number of ships tc consider, the ocean surveillance problem

appears quite formidable just from data handling considerations,

2,2 Future Traffic

Reference 3 indicates that as of 31 December 1964 the w rld merchaat
fleet of vessels of 1000 gross tons and over showed a net increase of 82 ships
and 9, 880, 000 deadweight tons over the corresponding date i» 1942, This
net deadweight gair in shipping prevailed in the presence of 402 153 dead-
weight tons of marine losses and the scrapping of 3, 134, 160 tors. There was
not time to trace this trend back through a few years to permit extrapolation
for the future, There is, however, the data from Reference 4 shown in
Figure 2.1 which pertains to United States and foreign ships owned and
launched over the years 1950 through 1963, It is cbvious that foreign owner-
ship has been increasing steadily over the years and that U. 5. ownership has

been continually decreasing. These conditions derive from the difference in
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building and scrapping policies at home and abroad and the trend for transfers
of ownership from the U.S, which has prevailed. In the years from 1958 to
1963, foreign countries have launched on the order of 2000 new ships per
year and showed an increase in ownership over those years from 32, 857 to
37, 310. Thus, in numbers of ships over 10 gross tons, foreign countries
are building more ships than they are scrapping. On the contrary the U.S.

is showing approximately 100 ships per year fewer owned while building

fewer than 100 new ships per year. Thus they are scrapping and losing more
ships by transfer than they are building.

The overall picture seems to be that in future years there will probably
be as rnany or more ships than there are now to keep track of but a greater

percentage of ttem will be foreign ships with the option of becoming un-

cooperative towards ocean surveillance. This is important because many of
the methods of ocean surveillance used today depend on the cooperation of

the ships' crews and owners,

With respect to size there has been a continuing tendency to develop
super and mammoth-sized tankers and bulk carriers. Speed increases wili
not be marked except in the case of special purpose vehicles such as hydro-
foil and air-cushion craft which may show a factor of 2 or 3 higher speed.
Their size, however, wi'l be small and their operation will not carry them
far from land, at least in the near future. In any event their numbers are

and will be quite limited for sometime,

The Institute of Naval Studies indicates that in the next few years a
good average number for the ships at sea on any given day in the North
Atlantic is 4, 000 units over 1, 000 grcss tons, Although they gave no esti-
mate of total traffic to be expected in all areas, they did indicate the pumber
of reports you could expect on a world-wide basis would be approximately
12, 000 for a system which was essentially an extension and expansion of the
current Navy capability,
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3. PRESENT OCEAN SURVEILLANMCE TECHNIQUES

Tkere are several obvious uses fcr an ocean surveillance systein and
these can be classified in a broad sercse as military or peacsful. For ex-
ampl:, under the military category are strategic warning, targeting, and
command and control. Peaceful uses irclude search and rescue, location

and analysis of potential hazards o shipping traffic, and arms control.

There are three categories of information available which can be

used as inputs to an ocean surveillance system. These are:
1. Departure-Arrival Reports which include:

Port departures
Intended routes and destinations
Cargoes

Port arrivals

2. Ship's position, course, and speed at sea as observed by sightings

or sensors, or reported voluntarily.
3. Files of ship's characteristics and registry,

1 tuch of the discussion which follows concerning sources of the above types

of information is bas=d on the contents of References 8 and 9.
3.1 Sources of Information

Some sources of departure-arrival reports for merchant and military

ships are:
1. The Corporation of Lloyd's
2. Merchant Reporting System (MEREPS)
3. Movement Report System
4, NIRM 2 Reports

Data of this type for merchant ships are produced on a regular basis
by two major sources, the Corporation of Lloyd's and the Merchant Reporting

System (MEREPS). The Corporation of Lloyd's is a unique private enterprise
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and as ore of its endeavors they have for two centuries persevered in the
collection and distribution of maritime information. Lloyd's agents are
established at every seaport of any importance and at many inla::id towns
throughout the world t2 collect information, give assistance in casualties,

and survey and assess damaged cargo. In 1955 there were about 1500 Lioyd's

agenciss and subagencies.

One use of some of the information coliected by Lloyd's agents is in
the preparation of Lloyd's Shipping Index and Lloyd's Gazette. The former
is a daily compilation listing the current activities of about 15, 000 ships.

The latier is a daily maritime newspaper carrying current marine news and
cataloging departures and arrivals throughout the world. Another interesting
feature of the Gazette is a daily ?iszins of charters concluded at the Baltic
Exchange, the major chartering center for the world's tramp fleet. Also

listed are reports of ship sales and ship repairs and refits,

The Merchant Reporting System is under the cognizance of the Navai
Control of Shipping Organization. Daily report+ of merchant vessel move-
ments are transmitted from major United States ports and many foreign ports
by Navy Control of Skipping Officers (NCSO), Temporary Naval Control of
Shipping Officers, or specifically designated United States civilian or military
reporting Officers. Both arrival and departure information is tranemitted.
Arrival reports are supposed to specify a ship' s name, its flag and its time
of arrival, while departure reports should include 3hi;'s name, its fiag,
port of departure, port of destination, date and time of departure, speed,

route, and estimated time of arrival.

Departure and arrival reports on military and some merchant ships
are covered by the Movement Report System and NIRM 2 reports. The for-
mer system is a product of the Movement Report Control Center (OP-334) in
Washington which receives reports on all Naval ships and comniand move-
ments, The system operates on the basis of prefiled planned destination,
estimated time of arrival, speed of advance, etc. Subsequent large devia-
tions from original plans are also reported. Information is gathered on
Military personnel movements, Navy ships, Coast and Geodetic Survey

Ships, Army Transports, Coast Guard (ocean going), foreign vessels under
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United States operatior.al costrol and military Sea Trassport Service skips.

NIRM Z reports i.e., Naval Intelligence Requirements Memoranda,
Class 2, are the resuits of ONI requirements. These memoranda cover the
arrivals, departares, and movements of all Sino-Soviet Blo: merchant ships
and the arrivals, departures and movements of all non-Bloc shipping to and/
or from Sino-Soviet Bloc ports.

A variety of sources of observed position, course, and speed of ships
at sea are rummarized in Table 3.1 and discussed below.

Automated Merchant Vessel Report System (AMVER)

Under the control of the Ccast Gaard, the AMVER is based on vclun-
tary radio reports from merchant ships of 62 nations. Under the same
initials the system was originally described as the Atlantic Merchant Vessel
Report System since the first system went inlo operation in 1945 in the
Atlantic Ocean. As of July 1965, however, coverage has been exterded to
the Pacific.

The plot center is in New York connected by teletype and radio links
to 18 marine-type radio stations ranging from Newfoundland to Balboa.
Inclvd=d are 4 ocesn-station vesseis. The same communication network
connects the AMVER center to 11 permanently organized Rescue Cocrdina-
tion Centers.

Ship Synoptic Weather Messages

Under auspices of the World Meteorological Organization (in this
country, the JUnited States Weather Bureau), periodic reports, up to 4 per
day, per ship, are forwarded from member ships throughout the world. The
items cf interest tc ocean surveillance which are normally transmitted are

ship® s call sign, ship's heading, ship’'s position, and ship's speed.

Movement Report System

Movement Report Control Center is located in Washington, under
OP-334. This system handles reports of major deviations from prefiled
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Table 3.1
Sources of Obeerved Positica, Course,
and Speed of Ships at Sea

Automated Merchant Vessel Report System (AMVEK)

Ship Synoptic Weather Messages

Movement Report System

NIRM 16 Reports

MERSIGHT

FISHSIGHT

High Frequency Direction Finding Met (HF/DF)
Sound Surveillarce System {SOSUS)

CIRVES

MERINT

international Ice Patrol Reports
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plans concerned witk Military Persoarzel Movements, Navy ships, Cosst and
Geodetic Survey ships, Army trassports, Coast Guard (ocean going), foreign
vessels uader United States Operatioms2 Coatrol, and Military Sea Transport
Ships.

NIRM 16 Reports - Naval Intelligence Requirements Memoranda - ONI

These reports contain information concerning the fishing fleets of
Sino-Soviet Bloc nations, particularly the U.S.S.R. The following fishing

- .

fleet activities should be reported:

1. Sightings of ELINT (electromic intelligence) trawlers including
geographic location, course and speed of trawler, detaiis on
movements and maneuvers, electronic equipment, and any other
pertinent observations.

2. Any unusual movements of fishing ships or activities not covered
in (1).

3. Highlights of normal fishing activities in the regular fishing areas
are supposed to be reported weekly.

Reports should contain identification and location irformation on all
units sighted.

MERSIGHT

Tkis is 2 fleet requirement of intelligence reporting of sightings of
singie merchant or fishing shios.

FISHSIGHT

This in turn is a fleet requirement of intelligence reporting of sight-

ings of groups of fishing ships.

High Frequency Dirsction Finding Net-HF/DF

HF/DF obtains positions of ships in disiress whatever their nationality
and is also used to ascertain the location of particular transmitters of strategic
interest to the United States.

13 MC 65-145-R2
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Sound Surveillance System {SCSUS)

The prime mission of SOSUS is the detection of submarines. In the
Atlantic SOSUS is organized under Commander, Oceanographic System,
Atlantic, with headquarters at the U.S. Naval Base, Norfoik, Virginia. The
primary mission of the command is long-range acoustic detection, classifi-
cation and location of enemy submarines. The instrumentation of the system
in the Atlantic consists of fifteen deep water hydrophone arrays and one shal-
low water complex located at various points along the edge of the Eastern
Continental Shelf of the United States and Canada, the Caribbean Island chain,
and at Bermuda. These arrays are connected by undersea cable and
monitored by twelve shore installations known as Sound Search Stations
(SOSS). These stations communicate with each other, and the evaluation
center at Noriolk by Teletype.

Data on contacts are analyzed in the individual stations, and pertinent
information on submarines is forwarded to other stations and the evaluation
center. If additional action is warranted, such as continuing surveillance on
what appears to be a Soviet submarine, the target information is forwarded

to Commander, Anti-Submarine Warfare Force, Atlantic.

CIRVIS/MERINT

These are vital intelligence sightings. Commercial vehicles are re-
quested to report all observations of guided missiles, aircraft, or contrails
which appear to be directed against CONUS; also surface warships positively
identified as not Urited States or Canadian, submarines, and unidentified

flying objects are to be reported.

Internaticnal Ice Patrol

The Ice Patrol is conducted by the United States Coast Guard. Head-
quarters are maintained at Woods Hole, Massachusetts from approximately
July to March and then shifted to Argentia for the rest of the year. Radio
advisory bulletins are issued twice daily and individual requests for informa-

tion will be answered.
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Ice and water temperature reports were made by approximately 550
ships from 26 uations in 1960. These reports can be helpful in ocean sur-
veillance because they are supposed to contain among other things, the

position, course, and speed of the reporting ship.

Sources for ship characteristics and registry information are shown
in Table 3.2.

3.2 General Observations of System Performances

How suitable a given kind of data is depends upon what use is to be
made of it. If one is concerned with long time period effects such as changes
in shipping patterns which might indicate buildup in military installations in
certain areas, then accurate and prompt departure and arrival data are
requirea for analysis. However, for real time problems such as targeting
or search and rescue, an actual location time history of individual vessels
is required. In a complete surveillance system, all of these requirements

must be met,

Ideally merchant ships on planned cruises could be located if they
departed a certain place at a certain time and maintained a specified course
at a specified speed on the way to their destination. Unfortunately things
do not occur that simply. Departure times do not get recorded or are not
made available immediately, courses deviate and speeds vary. Not all ships,
especially military ones of other nations, make their travel plans public, To
alleviate these shortcomings, various types of reports of sightings or sensing
of ships at sea should be up to date to enable corrections on supposedly known

tracks or to establizh new contacts.

In their analysis of sources of ocean surveillance data the Institute
of Naval Studies found many shortcomings with most of the sources. For
example the Corporation of Lloyd's was found to be the most comprehensive
source of data on world shipping now in existence. However, the data sup-
plied by Lloyd's concerning a number of ships in the INS analysis showed a
wide variety of deficiencies, e.g., wrong destination, data too old, no sail-

ing dates given, nodestination given, etc, Similarly many MEREPS reports
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Table 3.2

Sources of Shiz Characteristics

and Registry

Lloyd's Register of Shipping

Similar Publications of Other National Skip Registry

Organizations

The AMVER Directory.

Merchant Vessels of the United States (Bureau of Customs)
ONI Series 35 Listing of Ships' Characteristics (OP 922 N2)

NAVCOSSACT, The Maritime Administration, NATO and
Oceansyslant

Jane's Fighting Ships
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lacked the destination, estimated time of arrival at next port, and speed, or
were one to three or more days late in arriving, The most startling thing
about MEREP reports, however, was that only 15 out of 57 stations reported.

In a specific analysis of Boston, Massachusetts MEREP dzpartures,
INS found that an average time of 34 hours and 34 minutes elapsed between the
actual departure time and the receipt of such rsiification in Washington. This
time lag means a 15 knot ship would be 520 n. miles off the coast before word

is received that it ha? leit.

Ship Synoptic Weather Messages were found lacking in many instances
in that call signs were missing or unidentifiable in many cases, and the head-
ing and speed values were also cmitted in a large portion of cases.

According to Reference 8 the various kinds of data are used by the
Navy as shown in Figure 3.1. Note here that no information pertaining to
surface ship traffic is passed on from SOSUS centers. It has been determined
from personnel of the Bureau of Naval Weapons that lack of manpower is the
main reason that the SOSUS net does not forward data on surface ship traffic
beyond the detection point within the net or external to the net. Current
methods of classifying signatures depcnd on visual analysis of displays of
frequency spectra, and are, therefore, slow. Indications are that the classi-

fication process will be automated to some extent,

In any event the systems currently ir use which do provide, or have
the potential tc provide, the most data all have defects of one type cr another.
It is the goal of this study to show the feasibility of using a satellite system
with sensors in the optical wavelengths (i.e., UV to IR) as a source of data
for an ocean surveillance system. The obvious use of satellites would br in
updating the tracks of ships at sea and discovexring 3hips at sea which hac
previously been unreported by other means. Also, since many of the systems
in use ftoday depend on the voluntary cooperation of foreign ships, a satellite
based system would be valuable in the event that foreign ships turn un-

cooperative for some reasca.
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Figure 3.1. Ocean Surveillance Information Flow
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4.1 The General Problem

Portrayed schematically in Figure 4.1 is the problem of discriminat-
ing a ship from its background using satellite based instruraentation operating
in the optical portion of the electromagnetic spectrum. Showr here is the
radiant energy emitted by the targe?, Et’ and a portion of the incident energy

‘from wne sun wnich 1s reflected by - oxgct, R, into the field of view of
Y s -

the detector. Also shown in the figure are both emitted and reflected radia-
tion from the ocean, clouds, and the atmosphere itself. Other possible
sources of both emitted and reflected radiation not included in the figure are

nearby land masses, icebergs, and aircraft,

4.2 The Spectrum of Interest

The current study is restricted to consideration of the optical portion
of the electromagnetic spectrum. The bounds of the ""optical" portion of the
spectrum are, however, somewhat arbitrary. As is pointed out in Reference
10 much depends on man's tools for understanding these radiations, so that
the view adopted there is that the region of optice is limited to the range "'in
which v/ can control the flow of electromagnetic energy with man-made de-
vices involving reflection, refraction, and diffrac:tion — that is mirrors,
lenses and gratings.” The short-wavelength }imit oz the optical spectrum
was established at 10 angstroms where useful reflectivities are obtained from:
metallic surfaces caly when the energy is incident at almost grazing angles.
A more reasonable lower limit for the current study for cases in which we
assume that some optical system will be employed to colliect and concentrate
the =nergy is 1000 angstroms (X) since there are few, if any, refractive
media which transmit at wavelengths less than this. The upper limit of the
optical spectrum was set at 500 microns (u) which is about 10 times the
wavelength at which we lack suitable materials for lenses and prisms. These
limits are not far different from those skown in Reference 11 where the upper

limit is given as 500 4 (in agreement) but the lower limit is shown as
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Figure 4,1, Problem Schematic for Deteciion of Surfacc Ships
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approximately 60 K instead of 10. In any event the current study will be re-

stricted to the consideration of that part of the spectrum from 1900 X to
500 u.

The portions of the optical spectrum that can be relied on to rermit
detection, recognition, tracking, etc., depend on the emission and reflection
characteristics of the prospective targets and backgsounds and on the
absorption and scattering characteristics of the atmosphere. The latter
characteristics control the amovnt and spectral quality of the radiation
emitted by the ships, the background, and other objects, which will arrive
at the detector systein, and they also determine the amount and speactral
quality of the solar radiation which will reach the earth's surface and in

turn be reflected back outside the atmosphere.

Gross transmission of the atmosphere up to 3.2 u is shown in terms
of incident and transmitted solar energy in the upper portion of Figure 4.2
{taken from Reference 12), The window regions of the spectrum for which
large portions of the incident solar radiation are aile to reach the earth's
surface, are easily discernible. The deep depressione in the sea level curve
are caused by absorption of the radiation by the atmospheric constituents in-
dicated on the curve. The difference between the top-of-the-atmosphere
curve and the envelope of the sea level curve is due to various scattering
processes to which the radiation is subjected. Scattering effects appear
most severe in the shorter wavelength regions. The curves shown are based
on the sun being at zenith, For off-zenith angles of the sun, the path length
for the radiation increases and thus the absorption and scattering effects are

more severe,

In the lower portion of Figure 4,2 (Reference 12) is shown gross
transmission of solar energy over the wavelength interval from 1 to 15 u and
points up some other window regions at the intervals 5.3 to 4.2 u, 4.4 to
5.0 x 2nd 7.5 to 14,0 i, In the latter interval there is a short absorption
band between 9.5 and 10 u due to the ozone concenirations in the stratosphere,
Strong absorption by water vapor occurs at wavelengths beyond 14 u out to

the limit of interest in this study,

21 - MC 65-145-R2

SECRET

y
%‘
%
5

ARG,

PR i T

et




-~

I LI

N T
IR

SECRET

T rirrrrryrrvyrrryrryyvrrrrrrrryryryrsrgyryyrey

NOTE: SHADED AREAS INDICATE ABSORPTION, AT SEA LEVEL,
ODUE TO THE ATMOSPHERIC CONSTITUENTS SHOWR

§

SOLAR IRRADIATION CURVE OUTSIDE ATMOSPHER:
SOLAR IRRADIATION CURVE AT SEA LEVEL
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Figure 4,2. Solar Irradiation and Gross Atmospheric Transmission
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4.3 Basic Orbits

We look next at the basic characteristics of some orbits and deter-
mine the fields of view which might he required of detéctor systems to achieve
a search mode of operation. We have initially chosen a range of circular
polar orbits from 100 to 400 n. miles in height since we are interested in
man's capability to enhance tke performance of the system. For orvits in
excess of 200 to 400 n. miles the shielding required to pratect human occu-
pants becomes quite severe (Reference 13). The critical altitude depends on
the critcrion adopted and the shape of the vehicie, among other things.

Figure 4. 3 shows orbital velocity and orbital period as a function of
altitude. The orbital period varies from approximately 88 minutes at 100 n,
mile altitude to 99 minutes at 400 n. mile orbits. These variations of orbit
velocity and period include the effect of g variation with altitude.

Figure 4. 4 shows the ground range variation with scan angle in the
direction transverse to the orbit plane. The scan angle shown being one-half
the lateral field of view. The upper iimit cf the curve is determined by the
horizon (with no atmospheric refraction effects included). To provide for
contiguous coverage by subsequent orbits the scan angles need only be as
large as those determined by the lower intersecting curve, labeled "adjacent
path scan",

Figure 4.5 again shows the scan angle and ground range versus orbit
altitude for horizon scans and in addition the slant range to the horizon and
the ground area (of the spherical earth) under surveillance. The siant range
to the horizon indicates the maximum range from which a signal could be
received,

Another consideration associated with many techniques which we
might investigate is detector dwell time on the target. These times are
shown in Figure 4.6 as a function of orbit altitude for various target dimen-
sions representative of length and width. Actually these times are for a
field of view along the flight path of zero degrees and are the times required

for the specified length of image tc :raverse a reference line on the detector.
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Figure 4.3, Circular Orbit Characteristics
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. Figure 4.4. Ground Range Variation with Scan Angle
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Figure 4, 6, Target Dwell Time
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4.4 Target Characteristics

&

4.4.1 The Physical Dimensions

Surface vessels currently kave 2 maximum length on the order of
1100 feet (e.g., the large nuclear powered aircraft carrier Enterprise) and
may bhave maximum speeds as high as 35 knots. The flight deck of such a
vessel as the Enterprise has an area of approximately 4-1/2 acres, or
196, 000 square feet. (Reference 1). The huge passenger liner Queen
Elizabeth, with dimensions of 987. 4 feet length and 118, 6 feet wide, has a
planform area of approximately 92, 600 square feet. The dimensions quoted
for the Queen Elizabeth are so-called mol .ed dimensions which correspond
to the outside of the frame. The area estimate is the product of the length
and width and a factor which allows for the bow and stern shapes. A tabula-
tion of some of the characteristics of these and other typical military and
commercial ships are presented in Table 4.1. The shape facior used in com-
puting the area’is 0. 8 for ...ilitary ships and meichant ships if overall dimen-
sions are used (excepting the nuclear aircraft carrier for which a deck area
was known), A factor of 0, 85 is more suitable for the Queen Elizabeth. The

ships are listed in order of decreasing size. The planform area in square

centimeters is listed for use in radiant power calculations but it is also

handy for relative size considerations,

4,4.2 Target Signature

In recent years several government sponsored programs have been
carried out to obtain information concerning the characteristics of the
electromagnetic energy »manating from ocean surface ships. Since these
investigations were primarily involved with the surface vessel as a prospec-
tive target for missiles znd were concerned with the homing phase, the data
were obtained from relatively low flying aircraft, i,e., on the order of 2000

to 3000 feet, The infrared portion of the spectrum was of primary interest,

' In general it has been found in these investigations that ships may

present either a positive or a negative contrast to the ocean ba.ckg_round, i, e.,
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they may appear eitker hotter or colder than the ocean. Whichever situation
exists depends on a number of variables which include local air and sea
temperatures, time of day, and curreat and prior meteorological conditions
experieaced by the ships. With respect to a surfaced submarine, its contrast
crndition depends to some extent on whether or not it has just been submerged
and the temperature of the water in which the submarine was submerged.
Obviously a decks-awash condition of the submarine would reduce the contrast
of the deck considerably.

Prediction of the contrast for a particular case may not always be
possible but generally after a ship has been exposed to the sun for a con-
siderable time it will become hotter than the surrcunding ocean, but some

time after the sun has set, the ship may become cooler than its surroundings.

A summary of results found in these recent studies is presented in
Table 4.2. The maximum ship tamperature recorded was 41°C (314°K) and
the minimum recorded was 13°C (286°K). In Reference 16, whick sum-
marizes an extenzive study of stresses induced by temperature distributions
in ships, are tabulated a number of observed maximum temperatures in a
variety of ships under various operating conditions. The highest temypera-
ture listed is 130°F which corresponds to 55°C (328°K). This temparature
was on the deck of a 305 foot LST during a time when the weather was
described as clear and the air temnperature was n°r (ZZOC). The hull
temperature below the water line (which is indicative of the water tempera-
ture) was 57°F (1 4°C). Thus the contrast between the deck and water in this
case could have been on the order of 41°C. Another extreme case recorded
was that of a 515 fcot tanker with a deck temperature of 127°F (53°C) and
the below-waterline hull ‘2mperature of 66°F (l9°C) for a possible deck-
water contrast of approximately 34°C. The air temperature in this case was
‘)ZOF (33°C) and the weather was clear. Both of these deck temperatures are
higher than the mziximum3 listed in Table 4,2, The effects of color upon the
temperature of norizontal surfaces subjected to insolation are also shown in
Reference 16. Test panels of various colors were exposed for a day to the
sun, With the maximum air temperature on the order of 90°F (32°C) white

and aluminum panels reached a maximum of approximately 100°F (38°C), red
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reached 130°F (55°C) and black attained 145°F (63°C). Since black results

in th+ highest temperatures, it would probably not be used as a deck color,

In view of this consideratior. and the measured deck temperatures cited above,
a reasonable maximum temperature to expect ior 2 ship deck is 130°F or
328°K. Assumed for a lower limit is 0°C (273°K). In polar regions and in
winter conditions in the northern and southern hemispheres ships' exteriors
can become laden with ice which might attain temnperatures lower than
freezing. However, it is presumed that the hull w:th its higher internal
temperatures, particularly in the powerplarnt and inhabited areas, will have

a moderating effect on subfreezing exterior ice to produce an effective

average 0°c.

As a source of electromagnetic radiation it will be assumed for the
purposes of this study that a ship may have a range of effective radiating
temperature from 0°c (273°K) to 55°C (328°K). In Figure 4.7 we see that
these values correspond, according to Wien's displacement law, to regions
of wavelength of maximum radiation of 8, 8u to 10, 6. The range of ocean

teraperatures is discussed in Section 4. 5. 1.

In some of the observations made in the experiments discussed in
References 17 and 19 it was noted that the radiation emanating from the
stacks of the steam turbine powered ships, such as the U,S.S. Abbott ox
HMCS Chaudiere for example, was very intense. Reference 19 indicated
that the probable remperature for gases escaping the funnel of the HMCS
Chaudiere should be on the order of 200°C to 315°C (473°K to 588°K). This
would correspond to wavelengths of maximum radiation of 6.1 and 4,9 u as
shown in Figure 4. 7. In the course of the investigation it was shown that
the intensity of the radiation emanating from the stacks increased with in-
creasing speed of the ship. The increased intensity of the stack radiation
was related to increased radiating temperatures, which agreed fairly well

with the theoretical values for the class of ship under consideration.

With respect to the exhanst from diesel powered craft no data was
found. The U,S.S. Salinan which participated in the experiments of
Refererce 17, although diesel powered, lacked a funnel, so that no high

temperature sources indicative of exhaust were obsxrved, It is noted in
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Reference 20 that diesel engines in general, operating at full load, will have
exhaust gases at temperatures from 500-700°F (5:3°K-444°K). At fractional
load conditions the temperaturss are less, These values are not far different
from the temperatures attributable to the flue gases of the Chaudiere class of
steam turbine propelled destroyers. Hence the temperature of exhaust gases
tc be observed on a diesel powered ship having a funnel (and uvsing it to ex-
haust the combustion products) might be as high as 644°K although lower

temperatures could prevail due to losses occurring in the uptakes.

Even if the temperatures of the waste products of the power plant are
known, it is not feasible to predict the expected funnel signature of various
types of ships without knowing considerable detail concerning the power plant
and its exhaust system, It is not adequate to know just the cross section of
the funnel at the exit to the atmosphere, in pariicular with respect to newer

ships since only a fraction of the funnel cross section is being used to evacuate
the waste gases,

In the earlier steam powered ships, the funnel was used only to guide
the waste products of the furnace safely to the atriusphere, and its full inside
dimensions were used to do the job. As the steam powerplants have been
refined through the years and as new types of powerplants, such as diesel,
gas turbine, and nuclear have evolved, the uptakes from the main and auxiliary
machinery in a ship have come to require less and less cross-section area.
Funnels, however, still persist, for appearance sake as much as anything,
although their shape has changed from circular to teardrop to reduce wind
resistance. The steam powered ship still probably requires the greatest
active funnel area but even in this case the prediction of the actual radiating
area is aoi straightforward because of the presence of deflectors or spark
arrestors of various kinds designed to prevent soot, ash, and exhaust gases
from blowing down on the deck, In Reference 19 the presence of a spark
arrestor on the ships being observed was blamed in part for the discrepancy

between the expected and observed stack temperatures.

Some ten years agc the so-called ! Clinker Effect' was first observed
by Harry Clark of NRL, This effect is the infrared radicrnetric observation

of the wake associated with a fully submerged submarine., Altiough other
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observations of the effect have been made over the years, it is not yet known
to be a reliable method for detecting a submerged submarine. Since infrared
instrumentation has been used to observe the wake, one or all of such effects
as change in surface temperature of the sea, change in surface emissivity of '

the sea, or change in reflected radiation could be responsible for any anom-

alies which appear. Surface ships also generate wakes which leave obvious

scars lingering on the surface of the water,

In the course of the experiments reported in Reference 19 measure-
ments were made of the wake radiance trom an atitude of 250 feet. The
aircratt was flown across the wake and the radiometer employed was operated
at sene-livities higher than used when observing the ship since the wake siguals
were re.atively feeble, The ¥ake measurements were carried out during June
1961,

The infrared properties of “he wake were found to fluctuate consider-
ably from trial to trial. In general it was found that the wake became wider
at increasing distances behind the ship, hut ti.a¢ the izfrared radiance rela-
tive to the surrounding ocean seemed to be independent of distance behind the
ship to the point where the wake broke up and the radiance structure across
the wake became irregular, For the restricted range of conditions under
which observations were made, the breakup distance extended to values
somewhat in excess of 2000 feet. An exampie of a particularly well defined
wake is shown in Figure 4.8, Shown herein are variations of radiance across
the wake at different distances behind the ship, r.ot including the distanc . .t
which break-up of the wake occurs. The contrast radiance between the wake !
and the surrounding ocean was usually found to be of smaller magnitude than
shown here., It is interesting to note that the wake radiance relative to the
surrounding ocean is negative indicating that the wake is the colder of the

two, This might indicate that decreases in emissivity and/or reflectivity of

the ocean surface or exposure of colder subsurtace water more than offset
any increase in temperature of the water which might be associated with '

kinetic energy dissipation of the ship and its propellers in the water, [

With respect to wakes it is also worth noting that in the infrared

pictures in Reference 21 wakes behind surfaced ships are quite prominent in '
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some instances but seemingly more prominent behind snorkels and surfaced
submarines.

A current investigation is concerned with the application of laser
beams and spatial frequency filtering techniques to the amplification of ship
wake signatures (Reference 22). It is indicated in Reference 22 that if the
state of the sea, as observed photographically by radar or infrared for

example, cculd be displayed without excessive delay in the path of a laser

beam, then spatial frequency filtering techniques could be used in the

detection of vehicles moving on or under the sea.

One other possibility for target detection might be the observation and
analysis of the exhaust products of the ships' power plants. No specific results
were found on this subject but it was noted in Reference 19 that although the
authors had originally planned to detect 4. 3 micron carbon dioxide radiation
in the exhaust Jases, equipment failures and problems in the procurement

} of a suitable filter prevented their obtaining conclusive results,
] 4.5 Background
4.5.1 The Ocean

Ocean surface temperatures are reported in Reference 23 to vary
throughout the world between approximately -2°C (271°K) and 32°C (305°K).
f The distribution of these temperatures depends on such factors as the
latitude, the season, and the character of ocean currents at ‘the area under
consideration, Extremes of ocean surface temperatures occur in most
areas during the months of February and August. The largest annual varia-
tions in temperature occur in the mid-latitudes and along the coasts of con-
tinents in the Northern Hemicphere; for example the annual range of ocean
4 surface temperature off the east coast of Japan is over 22°C. On the con-
e trary in regions where upwelling occurs, such as off the California coast, the

annual range is only 3 or 4°C. Over large tropical areas and in the polar
. regions, the annual temperature range is even more restricted, being ce%
zbout 2°C, Charts of the mean ocean surface temperatures throughout the

— world for the months of February and August are shown in Reference 23.
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The wave lengths of maximum spectral radiant emittance correspond-
ing to the temperature extremes of -2°C and 3Z°C, are 10,7 and 9.5
respectively. From Figure 4, 7 it is apparent that a considerable overlap of
possible ocean and ship hull temperatures occurs indicating that vero or

negative contrast between the ship and the ocean could occur.

Note that the range of wavelengths of mz:amum spectral radiant
emittance for a black body corresponding to the ocean and ship hull tempera-

tures is within the 7,5 to 14 u interval defining an atmospheric window,

Reference 24 states that in the infrared region from 4 to 12,5 u, the
emigsivity of the ocean surface is 0. 98 for radiation normal tc the surf.ice.
The reflection for normal radiatioa is 2 percent and increases to 4 percent
for radiation incident at 60° from the normal. Since the range of wavelengths
of maximum spectral radiant emittance corresponding to ocean temperatures
is 9.5 to 10. 7 u, it is reasonable to consider the ocean as a black body

emitter in the interval from 4 to 12,5 u.

Consider now the relative magnitude of the energy emitted by the
ocean and that of the sun reflected by the c:ean in the 7.5 to !4 u band. First
assume that the ocean is radiating as a 300°K black body so that a totai of
4.5 x 10'2 watts/cm2 are emitted, However, only 46 percent of this amount
is in the 7.5 to 14 u interval corresponding to 2.1 x 10-2 watts/cmz. In turn
Reference 12 shows that the solar spectral irradiance just cutside the earth's
atmosphere in the interval from 7 to 30 u is 2, 48 vvatts/meter2 (2.48 x 10-4
watts/cmz). This represents 0, 18 percent of the total energy arriving from
the sun, Calculations indicate that approximately 60 percent of the snergy in
the wavelength interval from 7.5 to 14 4 will pass cutward from sea level
vertically through the atmosphere. If we assume that the same percentage
will be transmitted in through the atmosphere io sea level and in turn that
2 percent is reflected by the water, then 0.6 x .02 x 2,48 x 10°4=3,0x 106
watts/ cm2 reflects back from the surface of the water, TIhus the ratio of
emitted to re‘.ected radiation is 2,1 x ‘0"2/3. 0x10°6¢=17x 103, Thus even
if 100 percent of the solar energy in this interval were reflected, the emitted
radiation would still be 140 times greater than the reflected energy. Since

ships have approximately the same temperature and their emissivity is only
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slightly less, the same considerations apply. For the same reasons reflected
radiation from clouds will not be of the same magnitude as that emitted by

ships or the ocean in the wavelength interval from 7.5 toi4 u.

Below about 4 4, most of the radiation from the earth observed from
a space platform will be scattered or difiusely reflected sunlight., The ob-
served values of the radiance vary greatly with the position of the sun and

the observer and the nature of the surface of the water,

In Reference 25 are shown the results of the measurement of radiation
reflected by various types of terrain and clouds in the wavelength interval
from 0,35 to 2.6 u. Measurements were taken from an aircraft flying in the
region of 80C0 to 20, 000 feet. Meuturements were made of ih1e radiation
reflected from the water of Great Salt Lake, Lake Pontchartrain, Gulf of
Mexico, Mobile Bay, and the Atlantic Ocean. The range of valuzs of spectral
radiance of water measured in the course of the experiment are shown in
Figure 4.9. The range of values measured is indicated by a vertical line at
the specific wavelength and the dot indicates the mean of the range of values

at each wavelength,

It is interesting to compare the results obtained for clouds as por-
trayed in Figure 4,10, At all wavelengtls the spectral radiance of clouds is
much higher than for water. The cloud types on which measurements were
made were stratus and stratocumulus clouds. In some instances the clouds
were thin enough that the terrain below could be seen. This result seems
reasonable in view of the fact that Hanel points out in Reference 26 that
Nordberg using TIROS data found, apparently in the 0.2 to 7.0 ¢ band, that
the reflectivity of the ccean would correspond to an albedo of a f:w percent
and the brightest part of a cloud would be of the order of 60%.

It is aleo to be noted from results in Reference 25 that at several of
the lower wavelengths snow exhibited a spectral radiance as high as, or
higher than, that of clouds. At the higher wavelengths, 1,62 and 2, -2.6
microns, snow had a lower spectral radiance than clouds, but was still higher

than that of water,
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4.5.2 Clouds

Clouds present a variety of problems to any system using the optical
wave lengths under consideration to detect, locate, track, classify and
identify ships on the ocean. Large expanses of clouds act as 2 barrier to
radiation emanating from a surface ship, preventing its reaching the detector
system by reflection and absorption. In turn, clouds refiect much of the
sun’ s incident energy during the day and the sky and atmospheric emissions
at night. Small clouds may thus appear as pstential targets in some portions
of the spectrum. Another consideration of importance with respect to the
longer wavelengths is the energy emitted by the clouds.

4,5.2.1 Cloud Cover — A good indication of world cloud cover is
shown in Reference 27 in which TIROS results covering a period from March
1962 through February 1963 are compared with results obtained by H. Lands-
berg for available surface cloud observations covering many years (Reference
28). Results based on Landsberg's work are shown for regions around the
world between # 60° latitude. From the appearance of the plots of cloud
frequency shown one can see that the major portion of the ocean areas are
covered with clouds more than 50 percent of the time. A strip of the Atlantic
between Cuba and the coast of Africa is relatively open (i. e, less than 50 per-
cent coverage) throughout the year, Central sections of the Pacific enjoy

similar conditions,

Some interesting observations on cloud cover have come frum the
Mercury program and these are summarized in Reference 29. The only areas
that were consistently clear in the first four orbital mizsions were the western
African desert and the southwestern United States, Efforts to observe ground
signal lights from the apacecraft were frustrated on three of the four missions
by overcast conditions, Although astronaut Cooper enjoyed the best visibility
conditions of any of the astronauts, he estimated the cloud cover to average

about 50 percent for his flight,

4,5,2.2 Cloud Characteristics — At wavelengths greater than ap-

proximately 3u self emission is the predominant source of cloud radiation,
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while below 3 u reflection of solar radi"ation predominates. In Reference 30 i
it is demonstrated with both theory and experimental results that relatively ]
little reflectivity variatior occurs over a wide rin;e of wavelength from the
visible to 4 u. The correlation of the data available at the time was accom- y
plished by normalizing the radiance at a given scattering angle to that at a
scattering angle of 40°. The 40° scattering angle is unique in that at this

angle scattered intensity is insensitive to particle size. The results of the
correlation can be expressed as ]

[T

N -1/2
—8  =0.084 (0-0046)

40 ,
where o
N is cloud radiance

0is the scattering angle - the angle between the ray from the observer
to the cloud and the extension of the ray from the sun to the cloud.

Figure 4.11 is a plot of the relative radiation as a function of scatter-
ing angle. It is pointed out in Reference 30 that no dependence on wavelength
was found in the available data. This particular correlation is also presented

in the current edition of the Handbock of Geophysics and Space Environments

i

(Reference 12), The correlation obtained was for ice cloud data, No data was

located resulting from continuous angular measurernents on clouds substantiated
as water clouds.

Engineering approximations were also presented in Reference 30 for
the absolute radiance of thick cirrus (ice particle) clouds and thick cumulus
(water particle) clouds, These results were presented as preliminary in view

of the limited data that were available for analysis., Thus for thick cirrus

clouds
N -1/2
N)L B= lO'ZHXe(o' 034 @) watts/cmz-ster-micron E
' !
where Hy is the incident spectral solar flux, watts/cmz-micron. This expres- , 5

sion applies to wavelengths between 0,6 and 3.5u. It is pointed out in Refer-

ence 30 that the reflecting ability of the clouds portrayed by this expression
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Figure 4,12, Target and Background Spectral Radiation
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Channel 1 covers the band in which water vapor absorbs much of the radiation
trying to traverse the atmosphere. Channel 2 is an atmospheric window which
permits high transmission of energy. Channel 3 covers the major portion of
solar radiation, since 99.8% is emitted at wavelengths up to 7 u. In turn
about 80 percent of the thermal emission from the sarth occurs in the band
from 7 to 30 u covered by Channel 4, Channel 5 was employed to gather data

to compare with the television pictures obtained.

One of the more important <:suits of the TIROS experiments as far
as the ocean surveillance problem is concerned is that the presence of clouds
could be discerned from examination of more than one channel of the radio-
meter (Reference 26). For example when high clouds are scanned, Channels 1
and 3 indicate peak values while Channels 2 and 4 form dips on the traces, the
latter indicating the low temperature associated with high clouds. It thus may
be possible to derive a logic circuit for cloud recognition and discrimination

based on these considerations,

4.5.3 Summary

At this point it is apprupriate to present Figure 4,12 which shows
the spectral irradiance of tiie top of the atmosphere by the sun and also the
range of spectral emiitance associated with ship hulls, the ocean, and cold
clouds, The sun irradiance derives from Reference 12. This plot again em-
phasizes that target emission is the impc tant source of target information in
the 7.5 to 14 u atmospheric window, At shorter wavelengths and in daytime
operations, the solar irradiance becomes increasingly important and the
relative reflecting properties of the ship, ocean, and clouds become the pre-
dominant ccnsiderations, These properties will vary with such things as the
zenith angle of the eun, the viewing angle of the sensors, the types of clouds

in view, and the sea state,
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5. SYSTEM PERFORMANCE

The ultimate performance of an ocean surface traffic surveillance
system would be to provide the identity (name and flag) of each ship on the
ocean and deterraine its positio: , heading, and speed periodically from the
time it leaves its initial port until it reaches its destination, so that its loca-
tion at any time can be specified within 2 few nautical miles, Probably the
first requirement of such a system iz that complete, accurate, and timely
departure-arrival reports are made available to an analysis center, Sub-
sequently periodic enroute location reports, either self-rcported or observed,
are required to main.ain an accurate track. A=<:suming ncw that euroute sight-
ings are tc be mace frcm satellites, a series of events of increasing dif-
ficulty can be associated with the performance of the system. First, per-
ception of an anomaly with respect to the normal background must occur. The
anomaly must then be studied in order that it be recognized either as a ship,
an iceberg, an airplane, etc. If the anomaly be recognized as a ship, it
should then be classified as to a certain kind of ship, e.g. destroyer, tanker,
passenger ship, etc, Ideally it should then bz idantified as a specific ship,

say the nuclear powered ship Savannah,

Implemen:atinn of the search mode might involve a push broom tech-
nique in which an array of sensors looks strai¢ht down with a wiue lateral
view angle and scans on the basis of the motion of the satellite along its orbit,
To relax the requirements of the wide lateral angle of view it is possible to
achieve lateral scan by rotating or oscillating the sensore about an axis in the
plane of the orbit. A variety of other scanning techniques are possible. It is
not expected that rnan using a telescope would be capable of efficient scanning
since the human visual system has a poor quantum efficiency at dayl‘ght Jevels
(10'3) and has a slow perceptual system time constant, i.e. > 0.1 sec.

(Ref, 31).

The recognition phase of the process might be carried out electron-
ically or it might r« lv, at least in part, on a human on beard the satellite.

Electrical discrimination processes might involve signal strength due to the
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anomaly, apparent size of the target, its apparent temperature. and speed,
or some so:i of spectral analysis could be recorted to.

T Sl TN G

The classification process might conceivably be worked out auto-
matically either in the satellite or in an analysis cenrter, using a catalogue of

stored information on size-shape characteristics, sftack or no stack, wake

size and sprine, speed, etc. Again a human on board the satellite might help i
the process,

The ultimate job of identifying the target imight not take pi2-a in the
satellite but would be performed in a ground baszd analysis center which
correlates the sighting information with departure-arrival information and ‘e
prevailing track information of all of the ships at sea.

These latter tasks would be achieved with the data acquired by a sup-
plementary set of instruments, directed by the search mode, to inspect more
closely those regi- ns of the gross scan pattern which contain anomalies. This

phase might also be carriza out by a scanning process, but one of finer resolu-

tion, which ultimately wouuld create an image of the scurce of the radiation and

P

permit recognition, classification, and perhaps identification of the target,
Accomplishment of these tasks requires vast amounts of stored information
anc the proper division of this information between the satellite and the ground
station constitutes one of the important considerations of the study of satellite
surveillance syvtems. If some of the discrimination prozesses cannot be
carried out in the satellite aad all of t!'» data on anomalies must be transmitted
to the ground (with a resultant loss in resolution) then a limitation on informa-
tion handling arises. ‘The presence of man on board the satellite would un-
doubtedly help ease some of the data handling problems associated with the
rec.gnition and classification aspects of the task.

The subsequent subsections will be devoted primarily to an analysis
of the process of detection using infrared sensors, The fundamental detection
equations employsd are presented as are properties of the present and future
detectors applicable to the problem. Also presented are the signal levels to
be expected for irication of the contrast between typical ships and the ocean
for the orbit altitudes assumed. These factors are combined to determine the

contrast temperature required for detection of typical ships by a selected size
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of optical system operating from 2 satellite platform at 200 n, miles, Some
discussion of tracking capability as well as recognition, classificatior, and
identification is presented but an extensive analysis with reepect to these

subjects is beyond the scope of the current contract,

5.1 Detection Eqaations

It is necessary to express the detection capability of the automatic
optical systems in terms of the target and syster» parameters, In this way
the performance envelope of possible systems can be drawn vsing the practical
technolcgical and mission constraints. When considering only the detection of
a target thc systems can be divided into two categories - (1) detector noise:
limited systems and (2) background noise limited systems. (It is assumed
that the system design is sophisticated enough so that the elsctronic signal
processing does not limit the system performance.} The following paragraphs
present briefly the development of the performance equaticus for these two
types of automatic detection systems -~ performance is in terms of the mini-

mum detectable signal,

5.1.1 Detector Noise Limited Systems

The sensitivity of most optical systems is determinec by the noise
inherent in the photosensitive detector element. Theire are several noise
mechanisms which are important in the practical cases; current noise,
thermal noise, generation-recombination noise, etc, Absolute nocise level is
not, by itself, a significant parameter, but must be considered in conjunction
with the expected output signal levels with given amounts of radiation. For
the purposes oi engineerirg calculatiors the detector figure of merit, D¥ has
been developed. Using this parameter, the ratio of output signal to noise

level can be written

f:DXadx

(5. 1)
(A )1/2 (Af)l/z

S
N

det
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where

% = signal-to-nocise ratio at the detector
1 B, = target spectral power falling on the detector
. A .
1 {watts/micron)

A = wavelength (microns)
£ A = area of the detector (cmz)
: det
:
g Af = noise equivalent bandwidth (cps)
;
§ D§= spectral detectivity (cm(cps)l/z/watt'}
i This spectral detectivity is essentially a property of the detector material and
/ is available as a ''catalogue' parameter. Some care must be exercised in
H

using the DI 's in the literature, the detectivity being somewhat dependent on

signal modulation frequency and very dependent on detector temperature,

It is convenient to define the target energy in terms of an equivalent
irradiance at the aperture of the optical system. The effective equivalent

irradiance, H is defined

/
%*
D Hy Ky daA
- A A DA
H = o " (50 2)
(DX Ex) max
where:
Ky = relative spectral transmission of the optical system
Hy = target spectral irradiance at the system aperture, watts/cm?é
micron
- T _ . . . . 2
b = effective equivalent irradiance, watts/ cm

Defined this way H can be considered a monochromatic source at the wave-

length of peak system sensitivity (i.e., where D’; K, is a maximum). Of
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course, the iarget irradiance being considered here is always the irradiance

due to the contrast between the target and its background.

Using Equation (5.2) in Egquation (5. 1) yields

%*
S R 5.3 -
N (A /2 172 :
N (A )% (an
where:
collector a:eca cmz
coll B
n, = overall opticzl efficiency
p¥ = (D¥)
o (DX ) 1nax

Now the detecior area is roughly determined by the focal length of

the optical system and the required instantanecas field of view, Considering

the detector itself as the field stop, the area is '

2
Adet = F° Q )
or
1/2_ , F 1/2 !
Ade'i: - (D ) Deenn Q@ (5. 4)
coll
where

= effective focal length, cm
= field of view, steradians

Dcoll = diameter of ccllector, cm

The ratio F/Dcoll is the effective ""f-number'" of the optical system. It will
be seen that small values of this ratio are desirable ~ the telescope optical
system itself is restri:ted for engineering reasons, to F/D.:011 R 1. However,
relay optics and immersed detector techniques can reduce the effective ratio

Lo values near the theoretical minimum of 0,25,
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Combining Equations (5. 4) and (5. 3) yields the basic performance
equation for a detector noise limited detection system

*
: s _x Dp H Deon M (5. 5j
N 4 -
. (_l%) 9172(: [1172

5.1.2 Background Photon Noise Linited Systems

Many of the detection sys.cms which should be considered for ocean
surveillance are not lirnited by the internal noise of the system but by the
noise produced by the uniform background. Specifically, the long wavelength
systems (operating at about 7 g and more) are subject to this background
limitation. This noise arises from the random emission of photons from
the backzround. The resulting fluctuations are detected by the system and

show up as the limiting noise in the cutput.

To determine the variation in photon noise with variations in system
parameters, it has been shown that Bose-Einstein statistics give the mean

square deviation in the rate of photon arrivai as

hy
P )
I =" (5.6)
v
exp ( ) -1
KT,
where:
1_“;2 = mean square fluctuation in rate of photon arrival
N = average rate of photon arrival
Tz = background temperature
y = radiation frequency
) h = Planck's constant

= Boltzmann'!s constant
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The bracketed term is approximately equal to 1 for the situations of interest

here.

Now it is known that the average rate of arrivai of photons at a parti-
cular radiation frequency is
dv

N = M@, T,) by (5.7)

where M(y, TZ) is the total power per unit area per unit frequency irterval
emitted by a blackbody 2* temperature T,. From Equations (5. 6) and {5.7)

it is seen that the mean square photon fluctuation (and thus the resulting mean
square noise from the photon detector) is proportional to the radiated power
from the background which falls on the detector. A:med with this fact, one
can determine the variation of photon noise witk variations in system para-
meters by scaling measured noise values by the square roct of the incident

background radiation. *

It is conveniznt to characterize the measured performance of a back-
ground limited detector in terms of a spectral detectivity under specified
background conditions. This detectivity, denoted as D{ * is given for a
specific background temperature, 'I‘Z, and a specific detector field of view
equal to 27 steradians. The functional relationship of this detectivity to S/N,
Af, and A det
is given for a background temperature of 295%K and, rigorously, some adjust-

is the same as shown in Equation (5.1). Conventionally the D¥*

ment in D** should be made accordingly, However, an error of less tha..

*For this simple systems analysis a straightfcrward scaling procedure is
satisfactory. However, a more rigorous treatment is possible. Photon
noise can be determined analytically from the basic quantum physics of the
radiators and the basic mechanisms of the choton detector. This more com-
plete approach would account for a much wider variation in background tem-
perature than is of interest here and would also determine the ultimate
capabilities of photon noise limited systems. This analysis has been carried

out in several publications, typically in Reference 32,
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4 20% in D** is incurred if the ocean temperature is assumed constant at
Z95°K (see Reference 32 and Section 4.5.1). Therefore, in the following dis-
cussion it is assumed that the D*¥ is given for the background temperature of
interest in the detection problem, and only the changes in background power
incident on the detector due to geometrical factors need to be corrected for.
¥f the background brightness is B(TZ) in watts/ cmz sterad, the effective back-
ground power falling on the detector, is

P(T,, 2*) = 7 B(T,) A (5. 8)
27 “"det
for a 27 sterad field of view and

P(T,, Q) = Qnt B(TZ) Aco {5.9)

11

for an optical system where

Q = field of view of optical system, sterad

A = collecior area of oftical system, cm2
coll

n, = efficiency of optical system

This approximation assumes
(1) small Q
2
(2) small Acoll/ (Focal Lergth)
(3) Negligible emission from optical elements

(4}  Cold stops to shield the detector from the radiation emitted

by the interior of the telescope.

The power in Equation (5. 8) is that measured with the standard back-
ground viewing angle (2 7 steradians). Now the relative mean sq.uare photon
noise in the actuzl systam can be determined by simply taking the ratio of
Equation (5.9) and (5. 8). Going back to Equation (5. 3) and using the relation-
ships of Equations (5. 6), (5.7), (5.8), (5.9) we can write the S/N for a photon

noise limited system
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T ok 1/2
S HD A P(Tz. 2xz) /

= ) o4 coll nt
(A0 2202 | P (T, o

or
*h 1/2
s _ H DT Denn | ™ (5. 10)
- .
2 Q(Af)

Equation (5. 10) is the basic detection equation for the photon noise limited

system.,
5.2 Detectors

The critical component in the design and construction of any of these
detection systems is clearly the photo-detector. There are available a great
variety of detector materials which can be used for ocean surveillance and it
is the purpose of this short section to present the capabilities of the most

common ones and comment on their suitability for the problem at hand,

In this discussion the detectors of interest can be broken down into
three loosely defined groups based on the portion of the spectrum in which

they are sensitive:

Long Wavelength Infrared Detectors - This group includes the

detectors sensitive in the wavelength region from about 7 4 to about 14 u,
This wavelength interval corresponds to a major atmospheric window (see
Section 4.2) and can be used for the primary detection of hull radiation of a
ship (See Section 4. 4). Extrinsic germanium photoconductive deteccors have
been the most successful in this region and the D’;* versus A curves for three
of the best doped germanium detectors are shown in Figure 5.1, When

operated in an optimum manner these detectors are all characterized bv:

1. photon noise limited operation
2, very short time constants ( ®1 u sec)
3. extreme cooling requirements (ope.ating temperatures well

below that of liquid nitrogen).
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It is of interest and importance to note that the peak D** 5 of these
detectors are within about a factor of two of the theoretical maximum obtain-

able. An approximate upper lirait of D**

is shown in Figure 5.1 as the curve
labeled "Ideal Photoconductor'. (Reference 32 gives a derivation of this
theoretical curve.) The cbvious conclusion is that there is little left to be
gained in long wavelength detector technology as far as sensitivity is con-
cerned., In principle long wavelength systems designed today will be as sensi-

tive as those of the future.

Other types of long wavelength detectors such as thermistors, bolom-
eters and thermocouples are not considered because they are considerably
less sensitive than the photoconductors and have, in general, unacceptably
long time constants. The theoretical ultimate sensitivity of these thermal

detectors is also inferior to that of the photoconductors.

Short and Intermediate Wavelength Infrared Detectors ~ This group

includes detectors sensitive in the wavelength region from about 2 u to about
5 4. Several atmospheric windows occur in this region - notably the 3.2 u to
4.2 pwindow, This spectral region lies between that containing the major
thermal emission of the ships'hulls and the spectral region containing tke
reflected sunlight from the target. Detection systems in this wavelength re-
gion will find most use as aids in discrimination against false targets but

probably wiil not be used as a primary detection system,

A variety of photoconductive and photovoltaic detectors is avzilable
for application in this spectral region. Figure 5.2 presents D’{* for some
of the most interesting. The technology of making some of these detector
materials is quite empirical aud there is generally some small variation in
quoted properties - Figure 5,2 represents superior, or selected detectors
for each type. In practical operation mcst of the detectors are iimited by
internal noise. As indicated in Figure 5,2 considerable control of the peak
detectivity and the lon;s wavelength cutoff is achieved through variation of the

detector operating tempserature.

Again it can be scen that the best detectors available today are very

nearly at the ultimate of their sensitivity, The best detectors theoretically
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possible would not offer as much as an crder of magnitude increase in sensi-

tivity over current detectors.

Visible Wavelength Detectors — The atmosphere is relatively trans-
parant between the ozone absorption band at about 0.3 u and the first COz ad~-
sorj:ion band at 1.4 u. Any system operating o= reflected sunlight (or moon-

lhight’ wouid operate in this region. It is possible that some discrimination
systems wculd rely on operation in this spectral region. Even though these
detectors operate far from the theoretical maximum detectivities they are
severely limited by background generated false alarms during daytime opera-
tion. A few reprasentative detectors are shown in Figure 5.3. Lcw light

telzevision systems and image intensifier systems are not shown.

5.3 Theoretical Sij,rml Streng_tlx_

It is pertinent at this point to look at the magnitude of the infrared
energy emanating from the target which arrives at the detection system in

space., The irradiance on the collector is

Pc c’Tt4 1 =
Hc = —A—c- = Npr€, At - —rT {(5.11)
where

Pc = the radiant power arriving at the collector

c = the radiant power per unit arca incident cn the collector
€, = the emissivity of the targat
At = the planform area of the target
o = the Stephan-Boltzmann constant
T, = the effective radiating temperature of the target
Ac = the area of the collecter of the detection system
r = the range between the target and the collector
ngr ~ the fraction of the total energy emitted by the target and

transmitted by the atmosphere in a particular wzve length

interval,
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The latter quantity has a value of approximately 0.24 for a 300° K(Z7°C) tar-
get and the energy transmitted straight up through the atmosphere. Emissivity
of the surface of the ships was taken as 0.9. Thus for the case of the detector
looking straight down on the target the irradiance is as shown in Figure 5.4

as a function of orbit altitude for various representative military and com-
mercial ships. These magnitudes currently offer no problem in the way of
being dztectable,

It is more informative to consider signal levels indicating the coen-
trast between the target and the background. Let us now refer toc an expression
for the combined target and background power from the ocean arriving at the

collector optics.

4 4
o i € 0T, A Ac+ebor‘l‘b (A-A) A (5.12)
(t+b) . 2 2 I"ET
r 4 r

If we subtract out the signal which would be received if there were no target
we have the magnitude of the anomaly due to the presence of the target, i.e.,

AP €0A
_5e t 1 4
pH_ = X Tz (T, Tb‘) - (5.13)

wherein € for target and background is considered equal for the purposes of
this discussion. I AHC is expanded and rewritten with Tt = Tb + A Tl it
becomes

€ A 3

t 4
. rz ‘I‘b AT NgT (5.14)

AHc=

This form treats A T/ Tb as very small with respect to unity, The contrast
signal AH_ is now expressed in terms of the background temperature and the
difference between the target and background temperature. A plot of this
quantity per degree of temperature difference as it varies with orbit altitude

for various military and commercial ships is shown in Figure 5.5,
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Note also that for similar temperatures and emissivities the relationship
between H_and AH c/ AT is approximately

Hc T

AH C/'AT 4

o e

which for temperatures on the order of 300°K is 75.

Consider now the situation which exists if a cold cloud appears in the
field of view of the detection system. If we consider the ocean background as
our reference level again, the contrast between it and the cloud will then be
negative {again using Equation 5.14 and treating the cloud as the target with a
negative AT). Thus, it is not inconceivable that for the case of a hot ship and
a cold clcud or porticn of a cloud, in view at the same time, that the resultant

signal contrast remains at or near zero, and no detection is made.

The appearance of the cold cloud at night is probably even more im-
portant since after sunset, ships cool off and usuaily become cooler than the
surrounding ocean and so can be detected only as negative contrast. But a
portion of a cold cloud would also generate negative contrast. The implica-
tions are that it will be desirable and p robably necessary to implement the

system to reccgnize the presence of clouds.

5.4 Typical System Performance

To demonstrate the feasibility of cletecting individual ships against
the ocean background a typical system 1s considered and its performance
estimated., The problem assumed is that of detecting in the 7.5u to 14
region, all of the ships wh:ch are visible to a satellite-borne system. The
problems of cloud cover and false alarms are not ce+sidered right here, just

the problem of detecting the ships' radiation.

The simplest type of scheme to visualize is a pushbroom type of
scanner in which an array of detectors is placed in an optical system so that
the f{ield of view forms 2 line perpendicular to the line of flight of the satellite,

The optical elements are fixed ard the scanning action is provided by the
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motion of the vehicle. Along the line of flight the size of the field of view is
determined by the resolution o. tie optical system and the allowable system
electronic bandwidth. Perpendi:ular to the line of flight the field of view
extends to the horizon or to the edge of the ocean region not coverszd by the

previous or next pass of the saicllite system,

Starting with Equation 5. 10 for a background limitea system,

AD* D n 1/2
S _ p “coll| 't (5.10)
N Z 2{af)

If the peak signal is to be detected the field of view parallel to the flight path
should be at least large enough so that the target is on a detector about three
system time constants (i.e., 3 7). If rectangular fields of view are used, each

element can be represented,
Q= wi o (5.15)

where the length, 4 Qis perpendicular to the line of flight and the width w Q
is alorg the line of flight. Satisfying the dwell time constraint mea«s

wQ= 3vy

where V is the apparent angular veiacity of the target (the size of the target
being neglected). Conventionally

1

Af & — 5.16
2nT ( }
Thus,
2oV
Qan = > 8 (5.17)
2 T
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and the detection equation becomes

1/2
*x%k
_ WD, [ 27 n, ]

— LWJ {5.18)

S
N

Reasonable and achievable system values can b+ assumed for our
typical system. A large peak signal-to-rms noise ratio is assumed to

effectively eliminate false alarms due to internal system noise.

S

-~ = 1i0
N
Detector = Ge:Hg (see Figure 5.1)
D’;* = 2x10% cm cpsl’ Z/v.vatt
Dcoll = 30cm
n, = - 8
V = 2x 10.2 rad/sec {for h = 200 nm)

Rearranging Equation 5.18 and using the above vzaiues yield,

H/([Q)I/2 =2.2 x 10°12 \urai:tz,/rac:il/2cmZ (5.19)

which is the detectiable target effective . ontrast irradiance per square root of
angular length of each pushbroom element. For example a 1 radian fieid of
view perpendicular to the flight path would allow detection {i.=., S/N = 10) of

2.8 x 19712 watts/ cm® at the system aperturc.

A more meaningful reeult can be gained by making use of the target
contrast irradiance information developed ir Section 3.3. In Figure 5.5 the
total contrast irradianc~ from 7.5 to 14u at the system aperture is given as a
furction of orbital altitude und for several typical ship types. If a2 nominal sea
temperature of 300°K is assumed an effective irraaiance can be computed for
the Ge:Hg detector in terms cf the contrast temperature betw2en the ship and

the ocean, i.e.,
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14 e
AH 75 Dy aHy 4 (5.20)
°

{It can be shown that this linearizz.tion of H with respect to T is still a reason-

able approximation when the integratior is made over this spectral region.)

Furthermore, if a sp--cific altitude is selected — say 200 nm - this
effective irradiance can be computed as a function of argle from the nadir.
This has been done, accounting not only fcr the change in range between the
system and the target, but 2lso the increase in absorption due to the increased
atmospharic path length as the horizon is apprcached. The results are shown
in Figure 5. 6 as effective contrast irradiance per degree temperature differ-
ence between ship and ocean. It is assumed in the figure that the projected
area of the ship seen by the system is constant with vertical agpect angle and

the irradiance is given for a collector perpendicula: to the line of sight.

Using this data, Equation (5.19) can be rewritten

.12

AT = 2:2x10 (19)1/7' 15.21)
A—H-(tvpe- 9}
AT s e z

which gives the minimum detectable temperature difference as a function of

field of view length for a given ship type and scar angle.

Clearly the values of lQ should decrease towarad the eads of the
detector array (i.e., at larger scan angles) because the effective contrast
irradiance is smaller, for a fixed temperature difference, as the horizon is
approached. Values of 19 bhave been selected, more or less arbitrarily,
starting with IQ= 0.5 radians, centered at 8= 0, and progressing outward
with IQ =0.25, .15, .10, and for .75 =<0 <1.20 a series of elements with
IQ = .05 rad. With these values, the previously cited system parameters,
and tke data from Figure 5.6, the minimum detectable (S/ N = 10) temperature
difference has been compuied for four ship types and is shown in Figure 5.7

as a function of scan angle.
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The system parameters chosen for this exampie have been optimized
for no particvlar mission or operational requiremnent. It is of importance to
note some of the trade-offs that might be made to improve performance for a
particular requirement. Referring to Equations (5.18) anc (5.19), the follow-

ing parameters can be modified to advantage:

Collector Diameter - 50 cm was chosen arbitrarily, 2 100 cm

diameter system certainly is within the current state of the art and

would lower the required AT by a factor of two.

Field of vir~s = smaller fields of view ([Q) can be used to gain
sensitivity. This guperior sensitivity would be bought with increased
system complexity. The system used for the above calculation is
certainly a modest one in terms of the quan-ity of electronice and the

detector technology required.

Signal-to-noise-Ratio - as in any noise limited system the effective

sensitivity can be improved by lowering the detection threshold, how-
ever, the false alarm rate would increase. The mission require-

ments would set the compromise between sensitivity and false alarm

rate.

Figure 5.7 represents typical system performance and a general con-
clusion can be drawn. It is clear that ship detection in the 7.5 u to 14 i region
can be done over vast segments of the ocran by a single satellite-borne system,
The optical system required to achieve this has reasonable parameters in
terms of today's state-of-the-art, and the minimum detectable contrast is low
enough so that meaningful census data can be obtained. It should be noted, that
the required temperature difference increases dramatically near the horizen.
To bring the required AT of o= 70° down to levels shown in Figure 5.7 for
6= 0 would require unrealistically small [Q’ unrealistic in terms of the

number of detector elements and signal processing channels required to.
obtain compilete coverage,

To achieve contiguous coverage with one satellite it is necessary
with a 200 n. mile orbit to use a scan angle of approximately 68 degrees.

(See Figure 4.4). From Figure 5. 7 this is obviousiy in the regicn in which
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unrealistically small lq values are required to achieve reasonable values of
required temperature contrast. Thus to insu -e contiguous coverage with
practical instrumentation of a push broom system it would bc necessary to

e:aploy twa satellites.

Anoth=r point of interest concerns the implications of the required
temperature contrast. Since the contrast betweea the ship and the ocean can
vary from positive to negative during the course of a day, the length of time
during a day when a ship can be detected depends on the magnritude of the
contrast temperature required. In Table 4.2 for example, there are several
instances of pcst-sunset measurements which irdicated temperature contrasts
of 3 degrees or less. From Figure 5. 7 it is apparent that from a 200 n. mile
orbit for the system under consideration, a ship would have to be larger than
a destroyer to be detected with a 3°C contrast. For detection of 1°C contrast
the ship has to be larger than a C-3 class merchant vessel. Also throughout
any given day a ship will spend considerably less time at contrast greater than

three degrees then it will at contrast greater than one degree.

It would be interesting and pertinent to determine the temperature
contrast for typical ships as it varied with time thrcughout days (and nights)
with differing amounts of insolation. It then might be possible to show how
available detection time during a day varied with system required tempera-

ture cuntrast and amount of solar insolation.

5.5 Trackmg

Durirg the ocean surveillance mission it undoubiedly will be required
that individual targets be tracked with rather high precision. This precise

t~acking would serve one or both of the following purposes
a. obtain accurate target position information

b. direct and stabilize other optical sensors so that visual examina-
tion and/ or automatic discrimination, classification and identi-

fication can be carried out.
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The most efficient type of operation would be ore in which a {etection system
would initially pick up & target, do scme preliminary discrimination and then
designate the approximate location of targets of interest. Then the tracking

system would automatically search the area izdicated by the detection system
and lock onto the target. It is assumed that tracking accuracies on the order

of a few seconds of arc will be required.

The details of the tracking prcblem - details such as track accuracy,
allowable acquisition time, type cf output required, bandwidth, etc. -
enormously effect the character of the final tracking system. Few specific
statements can be made until these requirements are established. However,

a few general observations can be made.

Basically, there is no ciiierence in the S/N calculations between
detection and tracking syvstems, and Equations {5.5) and (5. 10} could be used
to determine the signal-to-noise ratio of the detector. It should be noted that
S/N is inversely proporticnal to (QAf)l’/ Z. Yltimately the allowabie acquisition
time and the accuracy of the :nitial designation (i. e., the ar=a which must be

searched by the track system) set the value of Af Q.

A simple example is cited in order to show the capabilities of a
typical tracking system. The detection system of the previous section is as-
sumed. If Yo is set equal tc . 005 radians (thus requiring a 1.9 x 103 cps
bandwidth in the detection system) a convenieat tracking system would have

the following parameters

Q = (5x 10‘3) x (5 x 10'3) radians®
Af = 20 cps (nominal)
D = 50 cm
cG_.
nt = .8
D;* = 2x1¢%cm cpsl/z/watt

Further if the tracker gave error signals proportional to target posi-
tion over the center 100 sec of arc ( =% x 10.4 radians) of tte field of view and
constant amplitude signals outside of that region, a (s/ N'max = .00 would give
a random uncertainty in target position of 1 sec of arc at boresight. Since the
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instantaneous field of view of the tracking system has the same width as the
detection systein, the search function is reduced to a single sweep of the
tracking field of view along the field of view designated by the detection
system. The nominal bandwidth (20 cps) would allow the sweep of the center
detection field of view in about 15 seconds. The tracking system bandwidth
can be made inversely propcrtional to the length of scan required thereby
increas,ing the tracker sensitivity. By this simple method the tracker's
sensitivity to temperature difference follows exactly that of the detection
system of Section 5.4. The reduction in bandwidth requires a slower scan
rate, but the shorter / Q of the detection system means better initial designa-

tion and thus a smaller scan. The acquisition time remains constant,

Thue Figure 5.7 shows also the minimum temperature difference
required to track to an rms uncertainty of 1 sec of arc for the tracker para-

meters assumed.

5.6 Reccgnition, Classification, and ldentification

Once an anomaly has been detected by the surveillance system, it
must be recognized by the system and accepted as a ship to be classified and
identified, or rejected as some uninteresting object such as an iceberg, a

cloud, an aircraft of some kind, etc.

In view of the fact that there will be a large number of ships to cb-
serve in addition to signals from other sources to analyze, one cannct rely
on a human operator alone to process all of the anomalies in the search, It
is necessary, therefore, to evolve electronic and/ or other methods to execute
all or most of the steps in the recognition procedure. Simiiarly portions of the

classification and identification phases of the problem must be iutomated,

The process of recogrition would evolve frora a syster atic analysis
of the characteristics of the radiation arriving from tl.: target and thz back-
ground, including all objects other than the target which might be in view. A
system of logic circuits should be derived to ascertain the presence or absence
of known characteristics of the target and the spurious objects. Consideration

must be given to ‘he fact that the contrast between a ship and the ocean can be
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either positive or negative. The presence of cold clouds might be derived by
sensing short wavelength radiation indicative of reflected radiation from the
sun. But this reflected radiation might also be indicative of snow since the
spectral radiances of clouds and snow were qualitatively similar in the re-
sults shown in Reference 25. There was an indication there that high clouds
might be indicated by higher readings in the 2 to 2. 6 4 region. Other con-
siderations which might permit recognition are the effective temperature
observed, the magnitude of the measured values, apparent size and shape of
the target, polarizatiun of signals, target speed, and possibiy stereo eifects

to indicate height and/or speed.

The processes of classification and identification require increasingly
greater resolution capabilities on the part of the sensing systems. The need
arises for catalogues of stored information pertaining to hull size and shape
wake size and shape, the presence or absence of a stack, speed, etc. Auto-
matic pattern recognition is desirable to achieve classification. If the ulti-
mate task of identifying an individual ship is to be successful, reliance will
probably have to be placed on an association procedure with accurate departure-

arrival information or prevailing track information,

With respect to the greater resolution requirements associated with
classification and identification it is important to point out the advantage of
the inherently higher resolving power of optical systems over other types of
sensors which might be used for space-based ocean surveiliance. No: <nly
does this higher resolving power aid in obtaining more exact position iniorma-
tion, but it also opens up the possibility of gaining more information about the
target in terms of its shape, size and other geometrical features, The
feasibility of certain types of discrimination and target identification follows

directly frem an analysis of possible imaging capability.

To establish the general magnitude J{ the resolving power of the
optical system it is convenient to consider the Rayleigh diffraction limit, A
perfect optical system is limited by the diffraction of the energy through the
entrance aperture, and the half-angle subtended by the image of a point source

at infinity can be no smaller than

= A
0% 1,22 )
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where

wavelength of radiation

D

diameter of entrance aperture

Practical optical systems can approach this performance, particularly at the

longer wavelengths.

A seccnd resoilution limit which is also important is that dus tc the
earth's atmosphere. Because of atn:ospheric turbulence, scattering, etc.
there is a loss in image quality when an object is viewed through a large mass
of air, Earth based astronomical observations, under the very best condi-
tions, are limited to 0.5 to 2 arc seconds in resolution due to image blurring
ar.d image dancing. When objects on the earth are viewed from space the
atmospheric degradation of image quality will be less since the disturbances
are much closer to the object than to the observer. Although empirical
studies of earth-based cbservations are available, no comprehensive study
oi the space -based problem is available., For the purposes of discussion a

1 arc sec resolution limit imposed by the atmosphere is assumed.

Figure 5. 8 shows the diffraction limit of resolution as a function of
wavelength for three aperture diameters. A 100 cm diameter aperture is
assumed to represent the largest reasonable system. Also shown is the 1 arc
sec limit assumed for the atmosphere. For purposes of comparison the
typical length of an aircraft carrier {1000 feet) and the typical width of a
destroyer (40 feet) are shown in terms of angle subtended at typical orbital
altitudes. It should be noted again that the Rayleigh limit describes the per-
formance of the cptical elements only, and that any automatic equipment
operating in the ivnage plane of the optical system will result in some further

degradation at the system output,

From Figure 5. 8 it can be seen that the sizes of ships can be deter-
mined to within 30 or 40 feet even when cperating at the long wavelengths if an
aperture diameter of approximately 100 cm is used, Certainly objects larger
than a ship can be automaticzlly rejected as a false target since the largest
ship dimensions are easily resolvable, In principle a long wavelength system

could automatically determine that a ship-sized object was longer than it was
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wide arnd estabiish the orientation of the long zxis. At wavelengths beyond
about 7 g autcmatic dizcrimination against some false targets can be ac-
complished on the basis of a resolved image. However, classification and
identification of the image at these wavelengths must be restricted to criteria

based on avproximate size and aspect ratio.

At waveleagths shorter than about 7 u more detail is resolvable,
particulariy in the visible porticn of the spectrum wherein details of a skip's
configuration can be resolved. The image degradatiorn due to the atmosphere
appears to be the ultimate limit h-re. However, the 1 arc sec limit assumed
in Figure 5. 8 still allows resolutica of about 3 feet at 2 range of 100 nm.
Direc’. observation of sunlit targets by 2 human operator, and znalysis of
low-lighi-level TV cutputs scem tc be the obvicus approaches for target identi-

fication and classification by imzz. inalysis._

The ultimate product of a useful ocean surveillance system has to be
the accurate prediction of the location of any ship of interest as a functior of
time. The accuracy of the predicticn depends on a variety of things, e.g.,
variations in ship's heading and speed during an interval of time, knowladge
of ship®’ s position at the beginning of an intervzl, accuracy of the reported
position of a ship at any time. With respect tc the latter consiceration as
derived from a satellite surveillance system, the accuracy of a given locatior
will depend on the pointing accuracy of the instruments used on the satellite
as well as t'.e accuracy with which the lecation of the satellite is known. A
sensitivity analysis involving the iocation error of a ship as a function of
instrument errors and errors in the sateilite locaticn at the same tirme the
ship is reported is vital in establishing the true worth and feasibility of the
satellite surveillance system. Also of interest are errors due to refraction
effects in the atmosphere and image shifting due to turbulence in the atmos-
phere. A sensitivity analysis would help determine the kind of instrumentation

which would be required to attain a specified accuracy in locating a ship.

The tasks of recognition, classiiication, and identification require
the processing of large amounts of data. Much of the data is gathered by the
sensors but another large amount of referenc= data has to be retained in

storage to facilitate the classification and identification procedures. The
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configuration cf the whole sctrveillance system: depends oe the &visicu of ke
discrimization processes between satellite and gromd.

To carry oot an analysis of this prodlerm it is necessary to establisk
the magnitode of the data bandling protiem associated wich rrazsmission of
various kinds of data from the satellite to ground tased stations. For example
Sow many bLits of informaticn are reguired to tramsmit the locazion, beading,
speed, langth or widtd of 2 skip? More Importart: is bow many bits are
reguired o transmit a complete image of a ship while maintaining a certain
resolution iz the recomstzucted image at a centrzl processing poizt? Also
pertinent is kow muchk siorage is reguired on board the satellite if muck of
the classification procedure is carried oct on board?

Extensioe of this approack would lead to a2 consiZeration of trade-off
on data handling requirements for satellites, ground based relay stationz, and
grounc based central processing units.

Aside from these mcre detailed considerations of tke investigation,
there is 2 brozd aspect of the probiem which should not be overlcoked, i.e.,
what is the overali abiiity of a satelliite-based ccear surveillance system using
the optical spectrum io reccgnize, classify, and identify ships at sea. Logical
to consider in this viewpoint are such items as probability that 2 particular
sectice of ocean is under 1oud cover, prooability that a ship will be in an un-
obscured section of the ocean, prcbability of detection of a ship which is cn
an unobscured section of ccean, overall probability to recognize, ciassify,
and identify a ship. Pursait of this approach should establish the number cf
ships about which useful information can be gatkered by 2 satellite based ocean
surveillance system. Comparison cf this number with the totai number of
ships at sea at any time will give some indication of the capability of the
system to augn-ent or supplant current sources of shippirg traffic data.
Representative values of the first two items could be established by studies
of extensive cloud cover datz and ship traffic patterns. With respec: to the
cloud cover data, it is important to determine the cloud cover statistics for
the applicable portion of the electromagnetic spectrumn. For example, most
of the cloud cover statistics gathered prior 1o the advant of operational satel-

lites was based oa visual observations. These statistics do not necessarily
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apply oatside the risible portiom of the spectrum. Taere is evidence accumuiat-
izg that even in toe visibie regiom Giscrepancics can occtr. I kas been foord
tEat am airplane pilot observred a clear sky below kim in flight, ye: photos taken
froem k2s airplane showed clowds wkich were aiso chserved fromm the ground.
App-opriate statistics for the proper wavelength interval may be avaiiable
froen the TIROS or other satellites or kigh fiying aircraft. Propar values of
the detection probebility of a2 skip in an vnobscured situation will evextually
derive from experimertal programs. Ultimnately this overall deteciicnm proba-
bility acalysis must be performed to justify the practicaiity of providing ocean
surface traffic data gaikered by satellite Sased observations in the cptical por-
tice of the electromagnetic spectrum.

The curresnt s:udy kEas beer concerned with the taffic or the oceans,
but the negative irformation tha* certain ships were pot on the ocean bt wers
in poert migkt aiso belp in the classification and identification problem. This
type of information could be helpful in sitcations wkerein cooperative reports
were late or iraccurate or the source had turned uncooperative; or wkereir tke
ships in port were "bloc” ships in foreige ports. This problem involves dif-
fer=nt background conditions wkich would bave to be investigatec but the classi-
fication-identification aspects of the problem: shotld be improved since there
are probatiy more chances to observe the targets in a given background situa-
tion, and the comparison of several nearby targets among themselves and with
their surrcundings should yieid more information about them all.
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6. THE ROLE OF MAN IN A SATELLITE

There are mary times during the development and operation of

satellite systems in which the presence of a human on board the satellite

would materially increase the yield of the experiments or missions involved.

Some of the ways in which a human on board would help are:

Provide vernier orientation» control of the satellite when

necessary.
Checik “he initial aligpment and calibration of instrumentation,

Monitor the progress of experiments and refine them if

necessary and possibie.

Capitalize on unusual and unforseen events.

felect proper sensors.

Recognize, classify, identify observations.

Analyze and edit data and relay it to ground stations.
Carry cut special requests of high priority.

Maintain and repair the experimental and vehicle equipment.

Many of these considerations are particularly pertinent in the case

of surveillance satellites, e.g., data handling. When an anomaly is detected

by the search system it must then be in:ipected with a high resolution system

to iry to recognize and/or classify it. ’n the absence of a recognition-

classification system in the satellite, a picture or digitized description of

every anomaly discovered by the search system will have to be sent back to

earth and relayed to an analysis center. To mazintain high quality of the

picture ultimately produced at the analysis center, much information must be

transmitted. A cumbersome network of relay stations would be required to

- be able to handle all of the data. If some of the recognition and classification

couid be carried out in the satellite, requiraments on data transmission could

be alleviated. A man on board would help considerably in this area. Using a

high juality telescope, perhaps one which is motion compensated, or by
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viewing a high resclution [R picture, the man could decide that the anomaly
discovered by the search system was indeed a ship of interest, or was a small

cloud, an iceberg, a small piece of land, or some other unimportant object.

Man' s ability to see from a satellite when '"seeing' conditions are
good, has exceeded expectations. A rule of thumb for the practical limit of
human vision has often been taken as one miinute cf arc. Some work of
Blackwell (Reference 33) however, illustrates thut the smallness of an object
that can be detected is a function of size, contrast, and illumination, so that
for many combinations of illumination and contrast the smalieet object which
can just be seen subtends 10 minutes of arc, while for other conditions
objects of approximately 1/ 2 minute of arc can be seen. The minimum visible
white square on a biack background has been found to correspond to 10 seconds
of arc, This in turn is 30 feet at 100 n, miles. Observations by the astronauts
and the study of pictures substantiate that the extended length of long ribbon-
like features reduces the necessary width for detection to one-3sixth or less
of the minimum diameter of a circular object. Thus, roads, rivers, and
railroads have been observed from satellites under good seeing conditions.

In some instances the astronauts have been able to recognize vehicles.
(Ref. 29).

Much of man's ability to see and discriminate relates to his experience
with, a2nd knowledge of, the kind of a ecene he is viewing. It is in this sur-
veillance type of situation in which man processes the stimuli and compares
them with a vast amount of information stcrad in his mind and decides that he
is viewing a certain type of object or natural feature. For example, Cooper
in MA-9 was able to discern the wake of a boat in a large river in the Burma-

India area.

In spite of the many advantageous facets of man's presence on board
a satellite, there are some drawbacks. His presence demands increased
systems weight and possibly increased reliability requirements, Some of the
increased weight is shielding required to protect the passenger frorn dangerous
radiations. The amount of protection used in conjunctict. with the exposure
criterion adopted also fixes the duration of the flight and restricts the height of

the orbits which can be traversed with a reasonably configured satellite,
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7. CONCLUSIONS

The study preseated herein establishes that during a large portion of l

the day and night the temperature contrast t:»t-veen many of the sur-
face ships of the world and their ccean surrcundings is adequate to
permit detection and tracking from low satellite orbits using available
background-limited detectors operating in the 7. £ to 14u spectral
region in conjunrtion with a state-of-the-art optical system of

relatively modest dimensions.

The temperature contrast between a ship and the ocean might be either
positive or negative depending on the time of day and prior meteor-

ological history of the ship.

It is possible during the course of a day that the contrast between a
ship and the ocean may be so small as to preclude detection. This
situation is dependent on the relative cooling and heating rates of the
ship and ocean, recent insolation history, the time of day, and the

capability of the detection system.

Dominant parameters in determining the detectability of ships on the
ocean surface are the ship's size and its effective temperature
contrast with the ocean, For example, it appears feasible to detect
a 492 foot long Class C-3, Standard American Merchant Ship from a
satellite in a 200 nautical mile orbit using an optical system collector
of 50 centimeters and mercury-doped germanium detector operating
against a ship-to-ocean temperature contrast of 2°C or greater,
Larger ships such as the approximately 1000 foot long liner Queen
Elizabeth need only have a temperature contrast of approximately

0. 5°C to be detected with the same equipment,
Currently, the sensitivity of long wavelength infrared detectors are
within a factor of two of the theoretical maximum obtainable so that

little gain in system performance is available through trying to
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In principle iong wavelength detection

and trackirg systems designed today will be nearly as sensitive as

those of the future.

Clouds present a foninidable backgruund to 2 satellite-based ocean
surveillance system operating in only the optical region of the
electromagnetic spectrum. The true practicality of such a system
would relate.. to the statistics of the avaiiable area of "clear-view-
over-the-ocean" and the correspcnding p~obatbility of ship detection

and would depend on how these statistics affect the accomplishment

of the tasks to be carried out by the system.

To obtain the resolution required for detailed ::zssificatior of ships

it is necessary to operate in the visibie or UV regions of the

spectrurr,
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8. RECOMMENDATIONS

There are several areas in which additional efforts should be made
t> establish the overall feasibility and basic instrument design for the sur-
veillance of ocean surface traffic from satellite platiorms using the cptical

pertion of the electromagrnetic spectrum.

1. Ths next nzcessary step in the investigation is to establish the
logic required to solve the recognition preblem and control the
false alarm raie. Where necessary to augment the logic deri-
vation, continue to investigate the characteristics of target and
background rad:ation. Point out any possibilities wherein the
surveillance satellite might casily acquire supplementary

information especially with respect to ocezn 2nvironment.

2. A study is in order ::> determine if automatic shape recognition
can be derived to acccmplish the classification of ships. Classi-
fication requires fine resolution and therefore implies the use of
short wave lengths such as visibie and ultraviole:. Within this
wavelength regime the degrading effects on the inage of the
variability and transmission of the earth's atmosphere are sig-
nificant and they shouléd be established for conditions representa-

tive of the ocean surveillaiice problem.

3. The natural complement of the foregoing tasks is the formulation
of an experimental program designed to substantiate the principles
derived and certify the performance of the hardware which will

eventually evolve,

4. Determine the fractional part of a day during which the contrast
temperature between the ship and the ocean is adequate for detec-
tion. This would depend on such things as skip size, insolation

history, and contrast temperature required for detection.
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Carry out a sensitivity analysis to detzrmine the dependence ol
the accuracy of ship iccation to such quantities as errors in ship
heading and speed, satellite location and 3peed, and satellite

instrument evrors.

investigate the trade-off on data kandling requirements for
satell:ie, ground based relay stations, and ground based central

processing units.
Study the implicaticns of data gathe:ing on ships in port.

An investigation of cloud cover =tatistics as related to the 7.5 to
14 1« wavelength interval should be carried out.
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Project SR-129, for the Ship Structure Commiits:c on Thermal Stresses
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Final Report. Infrared Countermeasures Study (U), Melpar, Inc.
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Miller, C. D., Infrared Countzrmeasure Tech:iques for Naval Surface
Vessels (U), Proceedings of the IRIS, Vol. 9, No. 3, September 1964,
pp. 171-179 {Confidential).

Pullan, G. T., and Boase, J. B., Infrared Characterietics of RCN
Destroyer Escorts (U), Canadian Armament Research and Develop-
ment Establishment Report No. CARDE TR 41362, July 1962, Project
No. A10-97-30-14 {Secret).
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Ldition. McGraw-Hiil Book Company, Inc., New York, 1958,

Pello. J. J., Infrared Radiation From Ships (U), Proceedings of the
IRIS, Vol. 8, No. 3, August 1963, pp. 247-255 (Confideatial),

Hall, G, 1., Wake Detection by Optical Data Processing (U), U. S.
Naval Research Laboratory Memorandum Report 1621, July 1965
(Confidential).

Handbook of Geophysics — Revised Edition, The MacMillan Company,
New York, 1960,

Holter, M. R., et ai., Fundamentals of Infrared Technology, The
MacMillan Company, New York, 1962,

Nelgner, H, ', and Thompson, J. R., Airborne Spectral Radiance

Measurements of Terrain and Clouds, Emerson Electric Advanced
Concepts Laboratory Research Report RPA 6-62, 9 April 1962,

Symposium on Backg-nund Radiation - Ultraviolet, Visible, and Infra-

red Levels and Distritutions, The University of Chicago, Laboratories
for Applied Sciences Report No. LAS-TR-199-36, April 1663,
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Clapp, P. F., Global Cloud Cover for Seasons Using TIROS Neph-
analyses, Monthly Weather Review, Vol. 92, No. 11, November 1964,
ppo 495-5070

Landsberg, H., Climatology Section II, pp. 928-957 in Handbook of
Meteorology, McGraw-Hill Book Co., Inc. New York, 1945,

Mercury Project Summary Including Results of the :“ourth Manned
Orbital Flight, May 15 and 16, 1963, National Aeronautics and Space
Admanistration Keport No. NASA SP-45, October 1963.

McDonald, R. K., Infrared Background Assessment (U), Space

Systems Division Air Force Systems Command, Technical Documen-
Contract AF 04(695)-49 (Confidential).

Oceanography From Space, Proceedings of Conference on the Feasi-

bility cf Conducting Oceanographic Explorations from Aircraft, Manned
Orbital and Lunar Laboratories, held at Woods Hole, Massachuse‘ts,
24-282 August 1964. Woods Hole Oceanographic Institution Report

No, 65-10, April 1965,

Kruse, P. W., Elem:ants of Infrared Technology-Generation, Trans-

mission and Detection, John Wiley and Sons, Inc. New York, 1963.
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APPENDIX &
LIST OF REPORTS PERTINENT T OCEAN SURVEILLANCE

The initial effort on this contract was devoted to a literaiare
search agreed upon by the contract sponsors designed to acquire irformaion
or: surface ship signatures and background characteristics. The reports ac-
quired, piost of them from the Defense Documentation Center, are listed in
appropriate categories below. Included in the biblicgraphy section are two
reguest report bibliogrzphies (Item 1.6 and 1. 7) produced by DLCC for this

project,

As the project progressed various other repcrt were acquired
and these 21s0 are listed below in appropriate categories. A few of the un-
classified reports listed may have been acquired outside the con:ract but are
listed because they may have bearing oa the overall problem. Included where
it is known is the GDC AD number.

In order that this Appendix has the potential for wider distribution,

it contains no classified titles.
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1.0 Bibliograpkies

Bibliography of Biblicgrapiies () - A Report B:biiography.

Defense Documextation Center. AD-281900. Repsint Jamzary
1964

A Bibliograpky of Biblicgraphies {Supplemert) - A Report

Bibliography (U), Defense Docurieriaiion Center, AD-338530,
Reprir: February 19635. (Secrez)

A Bibliography of Bibliographies (Supplemend - A Report
Bibliography. Defense Documentation Cernter. AD-410397.

Reprint February 1964

Detection and Serveillazce in Aerospace (U), Defense Documen-

Iter No.
. B
3.2
L3
1.4
i.5
: 1.6
1.7
1.8
1.9
=

tation Center, AD-3352292, May 1963. (Secrer)

Ocean Surveillance - A Literature Survey {(iJ), Aeroaspace

Corporatior, El Segundo Technical Operadocas, Report No.
TUR-269(9990)-7. (AD-355911), November 1964. (Secret).

Ocean Surveiliance (UG) - A Report Bibliography, Defense
Documentation Center, ARB-No. 036131, June 18, 1965.
{Secret-RD).

Detection and Tracking (U) - A Report Bibliogravhy, Defense

Documentation Center, ARB-No. 036130, June 19565,
{Secret-RD).

Manned Orbital Laboratory (U) - A Report Bibliography,

Defense Documentation Center, ARB-No. 042564, November
12, 1965. (Secret-RD). '

Oceanography - A Report Bibliography, Defense Documen-

tation Center, AD-404750, May 1963.
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Waldron, V. G., Marrow. E., and Yates, D.C., Bibliography

of Reccrmaissance Interpretation, Voiume I {(U), Rome Air

Development Ceater. RADC-TR-50-150A, (AD-318700), July

i960. (Secret).

Waldror, V. G., Marrow, E., and Yates, D. C., Bibliography

of Reconnaissance Inte-pretation, Volume 2, Rome Air

Development Center, RADC-TR-60-150B, (AD-251182),

Novembez 1959,

Waldreon, V. G., Colson, W., and Yates, D. C.., Bibliography

of Reconnaissance Interpretation, Voiume 3, Rome Air

Deveiopment Center, RADS-TR-61-218 (AD-270096) November

1961.

Bibliography of Reconnaissance Interpretation, Volume 4 (U),

Rome Air Development Center, RADC-TDR-563-19 (AD-337267)

April 1963. {Secret}.

2.0 Target Signatures

Infrared Countermeasures Study (U} - Final Report, Melpar,

Inc., AD-346835, 31 January 1964. {Confidential).

Reassessment of Vulnerability of Surface Ships to Infrared

Missiles (U), Melpar, Inc., AD-335916, 29 April 1963,

(Confidential).

Infrared Countermeasures Study (U) - Quarterly Progress

Report No. 2, Melpar, Inc. AD-334956, 15 March 19€3.

(Confiden:ialj.

Fullan, G. T.. Boase, J. B., Iafrared Characteristics of

RCN Destroyer-Escorts {U), Canadian Armament Research
2nd Development Estabdlishment, CARDE TR-41362,

(AD-331822), July 1962. (Secret).
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! 2.5 Hechtman, R. A., Final Report of Project SR-129 to the
Ship Structure Committee on Thermal Stresses in Ships, ]
Serial No. SSC-95, National Academy of Sciences-National )
Research Council, October 30, 1956. .
2.6 Hall, G. L., Wake Detection by Optical Data Processing (U), ;
U. S. Naval Research Laboratory Memorandum Report '

1621, July 1965. (Confidential)

2.7 Crane, R. B., and Heeremz, ., E,, Interim Report 1

June 1961 through 30 November 1962, Institute of Science and
Technology, 4591-4-P, (AD-334375) January 1963. (Secret)

2.8 Legault, R. R., and Limperis, T., Target Signature Study

Interim Report (U) - Volume l: Survey, Institute of Science
and Tecknology, 5698-22-T(1), (AD-354:66), October 1964.
(Confidential). )

2.9 Limperis, T., and Legault, R. R., Target Signature Study

Interim Report (U) - Volume III: Polarization, Institute of
Science and Technologzy, 5698-22.T(III), (AD-354025), October
1964. (Confidential)

3.0 Back&round

3.1 Ewing, G. C., Editor, Oceanography From Space, Woods
Hole Oceanographic Institution, Ref. No. 65-10, April 1965.

3.2 Atlas of Infrared Sea Background Patterns (U) 25 March
1959 to 28 March 1962 - Volume I, U. S. Naval Air Develop-
ment Center Report No. NADC-AW-6223, (AD-3333651),

1 October 1962. (Confidential).
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3.5

3.6
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3.9
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Wessely, H. W., Satellite Infrared Background Experiment
Dats Analysis, Aerospace Corporation, TDR-269(4710-29)-1,
{AD-602762), 15 June 1964.

Integrated Background Measurement Program (U) - Final
Report, Baird-Atomic, Inc., 6748TFR, March 13, 1964.
(Secret).

Gros, C. G., A Compendium of Infrared Sciences - Volume 3
Rackground (U), Lockheed Missiles and Space Company,
LMSC-B007340, Vol. 3, (AD-361047), 31 August 1963.

(Secret).

McDonald, R. K.. Infrared Background Assessment (U),
Space Systems Division, Air Force Systems Command,
Technical Documentary Report SSD-TDR-63-101, (AD-337886)
10 June 1963. (Confidential)

Syniposium on Background Radiation - Ultraviolet, Visible

and Infrared Levels and Distributions, The University of
Chicago, Laboratories for Applied Sciences, LAS-TR-199-36,
(AD-402270), April 1963.

Symposium on Background Radiation - Ultraviolet, Visible and

Infrared Levels and Distributions (U), The University of Chicago
Laboratories for Applied Sciences, LAS-TR-199-40 (AD-336-
105), April 1963. (Secret).

Murcray, D. G., et al Flight Data Report No. 8, Volume II
UV Data-Balloon Flight of July 16, 1962, Denver Research
Institute, AD-412878, 5 July 1963.

Nelgner, H. D., and Thompson, J. R., Airborne Spec:iral

Radiance Measurements of Terrain and Clouds, Electronics

and Avionics Division, Emerson Electric Manufacturing
Company, Report No. 1323, (AD-460157), 9 April 1962,
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3. 14
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Hanel, R. A., and Stroud, W. G., The TIROS 1 Radiation
Experiment, National Aeronautics and Space Administration,
Tecknical Note D-1152, October 1961,

Blackmer. R. H., and Serekreny, S. M., Dimensivns and
Distributions of Cumulus Clouds as Shown Ly U-2 Photograghs.,

Air Force Cambridge Cambridge Research Laboratories,
Geophysics Research Directorate, AFCRL-62-6C9, (AD-278714),
July 1962.

Fean, C. R., Seasonal Survey of Average Cloudiness Coaditioas

Over the Atlantic and Pacific Oceans, Scripps Institution of
Oceanography, SIO Reference 61-27, (AD-267488), October
1961.

The Domain of the Ground Effect Machine - The Determination

of Physical and Operating Characteristics of Military Overland

Amphibious and Marine Gems From World-Wide Environmental

Criteria - Volume I, Booz-Allen Appiied Research, Inc.,
AD_-262465, August 1961.

The Domain of the Ground Effect Machine - Appendices,
Volume 1I (U), Booz-Allen Applied Research, Inc., AD-324968.
August 1961. (Conficential).

4; 0 Discrimination Techniques

Long Wavelength IR Background Discrimination Study (U),
Martin, AD-350876, June 1964. (Ccnfidential)

Morris, K. R., and Thomson, ¥. J., Infrared Discrimination

Investigation (U), Aeronautical Systems Division, Air Force

Systems Command, Technical Documentary Report Nec.
ASD_-TDR-63-724, (AD-345671), October 1963. (Secret)
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4.3 Bibermar, L., Deiection of Infrared Terets Against Infrared

Bag‘ro‘mds. ARPA_IDA Defender Conference, Woods Hole,
Massachusetts, 7-21 September 1960, AD-418498.

Bell, E. E., etal, Infrared Techniques and Measurements,
The Ghic State University Research Foundation Final Engineer-
ing Report - RF Project 659, {AD-151221), October 1957.

Askowith, B. J., Uitraviolet Reconnaissance Techniques (U),

Air Force Systems Command. Technical Documentary Report
No. AL_-TDR-64-121, {AD-350665L), May 1964. (Secret).

Sarveillance Techniques in the Vacuum Ultraviolet (U}, Air
Force Systems Command, Aercnautical Systems Division. ASD-
TDR-63-770, (AD-342977), August 1963. (Secret).

Landrum, B. L. An Analysis of Ultraviolet Surveillance and
Reconnaissance Techniques (U)., Inierim Engineering Report

No. 4, 1 January - 31 March 1963, Northrop Space Laberatories,
AD-336392, (Secret).

Landrum, B. 1., An Analysis of Ultraviolet Surveillance and

Reconnaissance Techriques, Interim Enginecring Report No.
3, 1 October - 31 December 1962 (U), Northrop Space Laboratories,
AD-33386%. (Secret).

Cannon, J. B., et al Multispectral Reconnaissance Techniques

Investigations {U) - Phase I Technical Report, HRB Singer,
434-R-1, (AD-357084), 8 October 1964. (Szcret).

Crock, G., Harris, D., and Koletar, J., Multispectral

Reconnaissance Techniques Investigations (U) - Interim

Engineering Report No. 1, April 1 through June 30, 1943,
HRB-Singer, Inc., 434-1, (AD-340378), (Secret).
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4.:1 Suppoxting Research Directed Toward awn Investigation of

i Background Discriminaticn Techniques for Air-:o-Surface
Missiles, Texas Instruments Incorporated, UI-S01401-1,
(AD-423337). 31 July 1963.

412 Ontical Techniques for Target Enhancemsnt and Background

Rejection, The Te Company, Final Technical Report No. 2001,
(AD-408268), June i3%£3.

5.0 Ocean Surveillance

5.1 Summary Repor: - Manned Orbiting Laboratocy Ocean
Surveillance Study (U), TRW Space Technology Laboratories,
AD-358316L, March 1, 1965. (Secret).

5.2 Progress Repert for the Feriod 18 July - 18 August 1964 (U),
TRW Space Techrology Laboratories, AD-357067, 18 August
1664. (Secret).

5.3 Report of Ocean Surveillance Study (U), Institute of Naval
Studies, INS Log No. S63-724, April 1963. (Secret)

5.4 Report of Ocean Surveillance Study - Annex 1 Analyses of

Ocean Shipping Information Sourczs (U), Institute of Naval
Studies, INS Log No. S63-1000. May 1963. (Secret).

5.5 Report of Ocean Sarveillance Study - Annex 2 The Use of Caesar

for Ocean Surface Surveillance (U), Institute of Naval Studies,
INS 7.ng No. $63-1001, May 1963. (Secret).

5.6 Report of Ocean Surveillance 5tudy - Annex 3 The Use of HF/
DF in Ocean Surveillance (U), Institute of Naval Studies, INS
Log No. S63-1005, May 1963. (Secret).
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McReynolds, J. R., Operational Utility of Ocean Surveillance

Information - Analysis of Naval Tasks (U), Institute of Naval
Studies, Memorzndum for the Director, INS Log No. $63-832,
1 June 1963. (Secret).

Mundo, C. J., et al Population and Accuracy Studies %.:z North
Atlantic Qcean Shipping During the Sea Survziiiance Experi-
ment {U), Institute of Naval Studie=, Memorandum for the
Director, INS Log No. ©£73-833, May 1963. (Secret).

Feollosi..n, A. L., Jr. Data Processinlof Gcean Surveillance
Information (U), Institute of Naval Studies, INS Log No. S63-
834, 15 May 1963. (Secret).

Randazzo, F. P., Contribution of ASW Patrol Flights in the
Western Atlantic to Surface Surveillance (U), The Franklin

Institute, Center for Naval Analyses, Operations Evaluation
Group Study 683, (AD-355520L), 2 December 1964. (Confidential)

Corry, A. W., A Summary Report of Cost and Effcctiveness of

Selected Ocean-Area Surveiilance Systems (U), Planning
Research Corporation, PRC R-454, (AD-349417L), 31 December
1963, (Secret).

Corry, A. W., and Chester, J. M., Cost and Effectiveness of

Selected Ocean-Area Surveillance Systems {(U), Planning
Reszar.n Zorporation, PRC R-452, {AD-349418L), 31 Decem-
ber 1963. (Secret).

Corry, A. W., et al., Operations Analysisg of Satellite Systems

For Ocean Area Surveillance {U), Planning Research Corpora-
tion, PRC R-317, (AD-350100L), September 1963. (Secret)

Waddey, R. F., and Brumbaugh, D. A., Analysis of Detection

and Surveillance Parameters for Inshore Undersea Warfare (U),

Operations Research, Incorporated, Technical Report 257,
(AD-359247L), 20 January 1964. {Secret).
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6.0 »soned Orbital Flight

—

MOL Program Multibard Spectral Observation Experiment .

Study - Volume VI - Mission and Performance (U), Air Force

Systems Command, Spice System Division, Technical Report
No. SSD-TR-64-291, Yol. VI, Rev. 1, (AD-355532), December
1964. {Secret).

Orbital Space Station Study - Volume IV - Integrated Technical

Requirements Plan, Part | of 2 Parts, Sections 1-7 (U),

Air Force Systems Command, Space Systems Division,
Technical Report No. SSD-TR-64-212, (AD-353821), 30 Septem-
ber 1964. (Secret-RD).

Orbital Space Station Study - Volume IV-Appendix C - Mission

Analysis, Part 1 of 2 Parts, Sections 1-5 (U), Air Force Systems

Command, 3Space Systems Division, Technical Report No. .
SSD-TR-64-212, {AD-353823), 30 September 1964. (Secret).

Manned Orbiting Station and Alternatives, Volume III, Report

to the President's Scientific Advisory Committee Space Vehicle
Panel, Aerospace Corp., AD-430843, October 10, 1963.

Results cf the Second United States Manned Orbital Space Flight
May 24. 1962, National Aeronautics and Space Administration,

Manned Spacecrait Center, NASA SP-6.

Results of the Third Unitec States Manned Orbital Space Flight,

October 3, 1962, Natioral Aeronautics and Space Administration
Manned Spacecraft Center, NASA SP-12, December 1962,

Mercury Project Summary Including Results of the Fourth
Manned Orbital Flight, May 1% and 16, 1963, National Aero-
nautics and Space Administration Manned Spacecraft Center,
NASA SP-45, October 1963.
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Jordan, T. M., Koprowski, E. F.,, and Langley, R. W.,
Radiation Protection for Manned Orbiting Space Stations,

Douglas Aircraft Company, Inc., Missile and Space Systems
Division, Report SM-46257, (AD-615665), September 1964,

Wolman, W., and Okano, F., A Relial ility Model and Analys:s

for Project Mercury - 3-Orbit Manned and Unmanned Mission,

National Aeronautics and Space Administraiion, Officc of

Manned Space Flight, Technical Note D-1558, December 1962.

7.0 Atmospheric Transmission

Randjelovic, J., Attenuation of Visible and Infrared Radiation

by Artificial Water Fogs, Library of Congress, Aerospace
Technology Division, ATD Report T-65-87, 20 October 1965.

Oppel, G. E., and Pearson, F. A., Infrared Model Atmospheres,
Lockheed Missile and Space Co., LMSC-A325515, (AD-4082€0),
14 June 1963.

Altshuler, T. L., Infrared Transmission and Background

Radiation by Clear Atmospheres, General Electric, Missile

and Space Vehicle Department, Document No. 61SD199,
(AD-401923), December 1961.

8.0 Miscellaneous

Annual Report of the Canadian Armament Research and

Development Establishment, 1962 (U), Canadizn Armament

Research and Development Establishment, Technical Report
424/63, (AD-337066), February 1963. (Secret),
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Dench, C. H., Classified Title, Laboratory of Marine
Physics Yale University, T=chnical Memorandum No. 79,
{AD-335977), Septemter 30, 1961. (Confidential),

Report of Results - Project AF 61-2, Eastern Pacific Survey,
Volume II, 1370th Photo-Mapping Wing Air Photographic and
Charting Service (MATS), AD-407124, 15 June 1963.

Duke, D., On the Requirements for Synchrouous Orbits,

Institute for Defense Analyses, Technical Note Number 61-22,
(AD-428232), September 1961,
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