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E X E C U T I V E  S U M M A R Y

The purpose of this study was to survey and explore concepts
of underwater and water—related sensing systems and determine the
technology appropriate for present and anticipated Coast Guard
activities. Guidelines for establishing the technical bounds of
the study were developed by considering the traditional and the
probable future activities of the Coast Guard . Since many of
these act1v~1ties require sensing of underwater as well as water
surface parameters, both underwater sensing systems and sensing
systems operating above the water, but directed at sensing of
water surface phenomena, were included In this study .

An examination was made of the various forms of sensing
energy appropriate for water—related applications . The sensi-
tivity and effective range of potentially useful sensing systems
were compared. As expected , acoustic sensors are the obvious
choice for many underwater applications; but optical , electro-
magnetic , electrical, magnetic and chemical sensor systems are
useful for specialized missions .

A data base was acquired containing Information on current
and developmental sensor systems relevant to the selected water—
related technical areas. The procedure employed both a litera-
ture study and a survey letter to sensor manufacturers and users
to obtain a broad base of representative sensor information .
The Information was cataloged in a computer file using a classi-
fication system which included sensor, environment , and object
descriptor groups .

Selected Coast Guard activities were considered In detail
to determine their general sensor requirements. An analysis

V
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technique was developed which systematically reviewed specific
Coast Guard mission scenarios to determine if they would benefit
from the use of new or Improved sensor systems . A computer—
aided morphological method* was used to analyze the required
general sensor operating characteristics and concurrently examine
the data base to determine the ‘relevance of existing technology .
The output of the computer program identified sensor systems in
the data base which best matched the specific mission require-
ments. Any set of input requirements for which the program
did not produce a sensor system output thus identified a potential
technological “gaptt These gaps were examined to see if they
were real or possibly the result of an omission of sensor infor-.

mation in the data base .

General recommendations were developed for the application
of existing technology and for the development of new technology
where indicated. These recommendations are directed at the
following six major Coast Guard activities:

- Search  an d R escue

The growth in satellite—communication technology should be
utilized to improve emergency beacon effectiveness both for
small craft and for isolated personnel distress situations .
Acoustic and radio systems capable of relaying a distress signal
through the air—water interface are required to aid distressed
submersibles and divers.

• Oil Spil l  Detect ion and C lass i f i ca t i on

The oil—spill detection sensitivity of satellite , sensors
must be improved and the data transmission rates increased to
obtain timely input to classification and clean—up teams .

*A technique for methodically describing all possible ways of
achieving a specified purpose.
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Real—time spill detection and classification techniques using
airborne sensors would provide greatly improved clean—up
response times and help to minimize the area affected by spills.

• Offshore Law Enforcement

Present sensing systems used for offshore law enforcement
are directed against surface vessels. For this purpose , improved
satellite imagery &nd high altitude synthetic aperture radar
development will be useful. However, it may soon be economi-
cally feasible to employ submersibles for illegal acquisition
and transportation of high-value cargo. Improved magnetic and
acoustic detectors are required to sense small submersibles at 

- - ‘ -

~

operationally useful ranges.

Ice Operat ions

Icebreaker operations can be aided by a remote sensor
system capable of determining ice properties at some distance
from the vessel itself. This can be done by instrumenting a
helicopter or by developing a remotely—controlled underwater
vehicle with upward looking sonar. Data on ice coverage in
remote areas can be obtained using improved sensors on new
satellites such as SEASAT—A . Data relay via satellite from
local sensors can provide quantitative information on ice
thickness in remote regions.

Port Safety and Security

Water—based terrorist or sabotage activity Is a potential
threat in port areas handling valuable or dangerous cargo .
Incursion by swimmers or small vessels (surface or submerged)
may be detected by acoustic and magnetic barrier systems set
along harbor entrances or pierheads . Bistatic (shadow—detecting)
acoustic sensors should be further developed for this purpose .

vii 
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Underwater A ids to Navigation

Underwater acoustic beacons , transponders, and reflectors r
will be Increasingly useful for commercial submersible operations.
However, the increased use of submersibles , acoustic navigation
systems, and other underwater acoustic sensors, will soon re-
quire frequency channel allocation to minimize Interference, as
has long been the case in the electromagnetic spectrum. This
may well come under the authority of the Coast Guard for regula-
tion and enforcement .

because of the broad scope required, this study did not
consider detailed questions of engineering requirements and cost—

effectiveness for the various sensor configurations suggested
by the analysis process. Those configurations which are techni-
cally realizable and of practical interest to the Coast Guard,
such as the examples discussed above, are recommended for further
consideration. Thus, a Coast Guard review is appropriate at this
point to select the principle sensor candidates for concept
development and cost—benefit analysis.
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1. INTRODUCTION

The Coast Guard is presently building a technological base

for future underwater capabilities. This requires systematic

investigation of many aspects of the underwater environment.

Coast Guard programs in Aids to Navigation , Port Safety and
Secur ity , Commercial Vessel Safety, Marine Environmental Pro-
tec tion , and Search and Rescue can all benef it from advances
In underwater technology . The Coast Guard presently has a

substant ial capability for performance of these miss ions ,
but future demands will require development and use of advanced

technology . Ocean exploration and exploitation efforts are

growing rapidly. Expected legislation could increase

Coast Guard underwater responsibilities to Include functions

such as inspect ion of offshore s t ructures  and protect ion of
coastal and offshore assets. Future developments such large

submarine commercial carr iers , automated submers ibles , under-
water habitats , and offshore power plants will require new
types of underwater sens ing systems to be used by the Coast
Guard .

The objective of this study was “to survey and to explore

the concepts of underwater sensing devices and systems , and to

determine the technology required to allow the Coast Guard

to meet possible needs in the area of underwater sensing for

the next 5 — 25 years .”

The sensor technologies to be studied were determined by
examining Coast Guard operations In the program areas discussed
above . A computer—aided morphological analysis was conducted

in selected program areas to determine if Coast Guard needs are

being met with present technology or if new technology must be

developed. Specific recommendations have been made where present

technology seems deficient .

1
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The procedure used in the study Involved the following

tasks :

Task 1. Determine in detail the sensor technology to be
studied based on an examination of present and possible future

Coast Guard activities.

Task 2. Review current literature and contact manu-

facturers , government laboratories, and private research in—
stitutions to determine the present state of the art and obtain

information on developing technologies.

Task 3. Design a taxonomy for sensor—system classification

and computer—aided cataloging of the sensor Information obtained

from Task 2.

Task 4. Analyze the present and possible future Coast

Guard uses of sensor systems by examining mission scenarios and

determining where appropriate sensor systems would be beneficial.

Use a computer—aided morphological method based on the sensor

taxonomy to catalog all sensor system combinations of relevance ,
and determine if suitable examples exist in the ~.iata base .

Task .5. Using the results of the morphological analysis ,

Identify the classes of sensor systems having the best potential

benefit in Coast Guard applications. Determine If existing

sensors will provide the required performance or if modification

of present technology or development of new technology is needed.

The results of these tasks are presented in the following

sections of this report .

I
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2. THE F U N C T I O N  OF SENSOR SYSTEMS IN PRESENT AND FUTURE COAST
G U A R D  M I S S I O i S

The guidelines for establishing the technical bounds of the

study were developed by considering both the traditional and

the probable future activities of the Coast Guard . The present

Coast Guard budget was examined to learh present mission priori-

ties in terms of how operating and R&D funds are spent . The

Coast Guard Program Standards were reviewed for information

about present and near—term operating requirements. Finally ,

the Commandant ’s Long Range View’ was used to provide informa-

tion about the anticipated mission requirements in the next

5 — 25 year period .

Based on the review of these documents,•a group of appro—

priate Coast Guard activities was selected to serve as a focal

point for the study . The set of sensor technical areas for the

literature review and current Information search was determined

by developing specific mission scenarios within each of the

general activity descriptions in the Coast Guard Documents. This

process is illustrated in Table 2.1.

After examining the information in Table 2.1, It was
apparent that many of the Coast Guard activities involved the

sensing of both underwater and surface phenomena. Pollution

detect ion, for example, may involve sensing pollutants on the
surface as well as in the water column . Search and rescue

of submersibles involves the probable requirement of trans-

mission of Information through the air—water interface. Ice

‘U.S. Coast Guard, Commandant Instruction 5000.2B, 18 July 1977.

3

- - ~~~ - .- .-——~~~ ~~~~~~~~ -- -—-~~~~~~ —-, ~~~~~~~ ,.- -— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~,-.--— k...- - 4



thlckn.css measurement may involve the coordination of data from

both underwater and in—air sensors. To avoid excluding sensor

systems of Coas t Guard interest , the scope of the study was
expanded somewhat to include sensor systems generally used above

water , which were Involved with sensing water—related parameters .

Since the objective of this study was thus expanded In

scope to cover a broad range of underwater and water—related

sensors , it was necessary to establish some ground rules to
provide reasonable bounds to the types of technology to be

Included . Hence after reviewing the Information summarized In

Table 2.1, It was decided that several classes of marine sensor

systems would not be Included in this study . Examples of these

sensor systems and t he reasons for exclus ion are

Radar systems used for navigation and collisIon avoidance
(Properly the subjec t of a separate study)

Military sonar systems used for long range submarine
detect ion and ant isubmarine defense (Not applicable for
peacetime Coast Guard missions)

Radio and electronic navigation systems such as Loran C ,

DECCA , OMEGA, etc.  ( Properly the subject of a separate
study)

Sensors for surface acoustic and visual navaid systems

such as fog detectors , light—operated switches , etc.
(These devices are considered to have only in—air

F applications.) 

~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



TABLE 2.1. UNDERWATER AND WATER-RELATED SENSOR TECHNOLOGY APPROPRIATE FOR
PRESENT AND FUTURE COAST GUARD ACTIVITIES

Relevant Water-Related
Present Activity Long Range View Input Sensor Technologies

Search and Rescue • All—weather oper ation • Electromagnetic , optical  and
acoust ic dete ction , t u r v ” i l —Respond t o marine a~ d aircraft ace 1- • Ice Area Operations

dents , floods and ice conditions lan ce , communicat ion and n avi—
Submersible search and rescue gat ion systems

Under—ice (submersible) search and • Systems for tra nsmission of
rescue information throu gh the water—

air inter fac eSatellite—aided sear ch and rescue
Underwater detect ion , location
and navigation systems

Aids to Navigation . Improve effectiveness and re li— • Underwater navaid technolo~~r
ability of aids while reducing is of primar y interestMaintain network of manned and operating and maintenance costsunmanned aids along coast and • Acoustic beacons , transportat ion

waterways. Include visual , Improve buoy positioning techn ique and positioning systems relevant
audible and electronic signal s to ice—covered area nav igation

Improve electronic aids (Loran—C ) and to suomersib le navigation
Augment - Loran—C to provide ship

Electroma gnetic and magneticpositioning information in harbor
sensors may be relevan t forareas
short—range guidance system s

Improve ~ava id reliability in ice
covered areas

Marine Safety Offshore structure saiety Mechanical parameter sensing
on offs hore structuresInsure compliance with Federal • Cargo handling safety on new types

regulations by ships and per— of ship • Systems for monitoring ship
sonnel hull integrity

Recreational boating safety

Marine Environment al Protection • Detection and response to small • Remote optical and electro—
spills in coastal waters magnetic sensing of oil spillsPrevention of damage to marine

environment • Capabilit y to deal with massive • Oil spill c lass i f ica t ion

Inspection of vessels and water— spills sensors

front activities • Identification of oil origin . Acoustic ship movement sensors

Conducting of pollution patrols • Deepwater port regulation Detection and Surveillance
systems for port safetyPort operations safety ~~~~ se~~~ j~y from sabotage and

terrorismHarbor traffic control

Ocean Operation s • 200—n fishing zone enforcement • Acou tic • electromagnetic , and
optical surveillance systemsOffshore law enforcement • Satellite detection and ident ifi—

cationIce patrol , ice—brea king operations • Ice measurement and mapping
Fast response vessels sensorsMarine science activities
LIA craft • Sensors for long range detec-

tion of small craft , dopplerHigh seas crime , piracy and drug
radars and sonarstraffic control

Offshore mining activities

5
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2 ,1  An Overv iew of Relevant Sensor Technology

Sensors are devices for transferring information which Is

usually contained in a stimulus or sensing energy . The most

effective sensing systems are those where the sensing energy Is

compat ible with the properties of the propagating medium used

for transmitting the stimulus information . Thus electromagnetic

signals are the most commonly employed sensor stimuli in air or

space both of which are insulating media . In seawater, electro-

magnetic waves are not very useful since they are highly

attenuated (except at very low frequencies) by the conductive

properties of the water. However, the density and low com-

pressibility of water make it a much better acoustic medium

than air. Thus sound is a very effective underwater sensor

stimulus. Light which is also very useful for sensing In air

or space , is only useful In clear ocean water because of the
attenuat ion due to scatter ing from suspended part icles and due to
absorption by the water. Many other sensing stImuli such as

magnetic and electric fields, radioactive phenomena , and

chemical agents may be useful for short—range applications ,

but they generally do not have the information carrying ability

of rapidly controllab le, signals.

In this sect ion, a comparison of the effective underwater
range of various sensing systems Is presented . This comparison

is based on a study by the Naval Undersea Research and Develop-

ment Center (NUC)2 which examined the underwater use of static

electr ic and magnetic fields , radioactive fields, chemical
systems , extremely low frequency (ELF) electromagnetic radiation ,

2A. Gordon , ed., “Undersea Detection of Various Signals,” Naval
Undersea Research and Development Center , San Diego, Report
NUC TP 29L~, July 1972.

6
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light , and acoustics. (The technical detail in the balance of
Sec. 2 Is supplementary and may be omitted If not of direct

Interest to the reader.)

2.1.1 Electric and magnetic fields

Electric field detection may be used to determine the loca-

tion of a submerged object undergoing electrolytic decomposition .

The range obtainable is on the order of the dimensions of the

object itself. A more effective use of electric field effects

Is obtained by setting up a spaced set of submerged electrodes

or antennae and applying a voltage across them to produce a

conduction current field. The effective range of this field

is determined by the geometry of the electrodes and the applied

electrical power. Table 2.2 shows the theoretical range of an

electric dipole as a function of input power. The dipole In

this example was formed by 2 spheres of 0.1 m radius spaced 2~
m apart . The receiving potential is measured across the ends

of a 2ir m antenna . The electrical noise limits of this type

of sensor are generally determined by the interactIon of water

mot ion (current or turbulence) with the earth~s magnetic field.
The noise limit determining the range shown in Table 2.2 was

produced by an assumed water current of 0.1 cm/sec.

Magnetic field technology has recently been advanced by

the development of superconducting magnets and field sensors.

Magnetic anomaly detection (MAD) equipment is widely used

for submarine detection. In most MAD applications , a local

varIation in the earth~s magnetIc field Is sensed to obtain

the required information (detection). If a magnetic source

such as an elec tromagnet were u sed , its high local magnetic
field produces an anomaly in the earth’s field which Is detectable 

~~~~~~~~~~~~~~~~~~~~~~~~~ J
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TABLE 2.2. STATIC ELECTRIC AND MAGNETIC FIELDS (From Ref. 2)

Static Magnetic Field

Power or
Weight Magnetization Range

Sourc e Dimens ions (P or M) (R)

Copper torus r1 = 1.0 m 2 tons P = 10 W 30 m
r 10~~ m M = 5 .~ 1~ x 1O

3
2 

2A-rn

Permanent magnet Length >> width 2 tons M = 2.61 x 10~ 130 m
Volume = 0.25 rn 3 A-rn 2

Filled solenoid Length = 2ir m 3.8 tons M = 3.2 )( l0~ 135 in
Diameter = 0.2 m A—rn 2

P = 70 W

Superconducting r1 = 1.0 in —— M = 3.56 x l0~ 320 in
coil A-rn2

________________ 

Static El ectric Fie ld  
________________ ______

Electric dipole Length = 2ii in -— P = 10 W 160 m
r = 0.1 in

S

8
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at an appreciable distance. Table 2.2 also shows the effective

range of this type of device as a function of the magnetic

moment of the transmitting field . The noise limit In this case

is determined by small local magnetic anomalies superimposed

on the earth’s field . Note that an electromagnet with a 10 W

input can be detected at about 30 m compared with about 160 m

for the 10 W electric dipole .

The effective noise limit of magnetometers can be improved

by using them in pairs connected as a gradiometer. In this

application , the noise due to the earth’s large—scale field
variations is effectively equal in both sensors. Thus when

their outputs are connected In opposit ion , the earth’s field
component is cancelled and only short spatial magnetic fluctua-

tions due to local anomalies are detected. Unfortunately, these

local natural anomalies often have characteristics sImilar to

the object or magnetic source being searched for.

2.1.2 Radioactive fields and chemical systems

The range of most nuclear radiation in water is quite

l imited. Gamma rays and neutrons have the most penetrating
power for conveniently detectable nuc lear radiat ion. The gamma
rays from a 100 Curie point source of Cobalt—60 would be attenu-

ated to background level about 10 f t  from the source 2 Neutrons
from a l0 1

~ n/sec source would be detectable out to. about

8 ft.2

Neutrinos are able to pass readily through water (an d most
matter) and would be very useful for long—range sensing. How-

ever , they are detected only with difficulty because of their
low interaction with matter , and no technology exists for

modulating their emission rate to convey information .

9
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The radioactivity induced in seawater by a neutron source

Is carried from the vicinity of the source by the normal dif—

fusion of the water. This activity generally would be suf—

ficiently above the background level to be detected 1 mile from

a 10 11 n/sec source when carried by a 1 kt current .2 In this

application however , no additional benefits , and some considerable

hazards, are obtained over a chemical diffusion type of source,

Several forms of in situ chemical sensors have been
developed for measuring water pollutant concentrations. These

sensors can be employed to sense a chemical marker agent used

for a locating beacon or for tracing current profiles.

Chemical agents used must not be present in normal seawater

and must be detectable in concentrations down to 0.1 ppb to

avoid having to use inordinately large amounts of chemical. 2

The agent is diffused horizontally much more widely than verti-

cally because of the normal horizontal stratifIcation of the

ocean.

When agents  are instant ly re leased , they spread quickly
as they drift with the current . A maximum useful (detectable )

patch size is reached which then begins to decrease. For

example. instantaneous release of 22 kg of Rhodamine B dye resulted
in a maximum patch with dimensions of 21 km length , 0.9 km width ,

and 8.3 m thicknes s. The effect ive time of max imum volume was
96 hr (based on a detectable concentration of 0.01 ppb) .2

When the agents are con tinuous ly released , a steady-state
patch geometry is reached which remains connected to the release

point .  Thus in a search mission it would only be necessary to
follow the patch “upstream ” to find its origin. A comparison

of the cost—effectiveness of various chemical agents for a

required detection range is shown in Table 2,3.
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2.1.3 Extremely low frequency electromagnetic radiation

The conductive nature of seawater causes electromagnetic

energy to be absor bed by charged ions. The result ing attenua-
tion per unit distance Is frequency dependent and is lowest

at low frequencies. Thus only frequencies below 100 Hz have

been found to be practically useful for electromagnetic propaga-

tion underwater.

When the transmitter and receiver are near the surface

much of the energy is transmitted through the air and a signi-

ficant improvement in range results. Similarly, when t he trans-
mission pat h Is near the bottom , t he electrica l propert ies of
the bottom often provide less attenuation than seawater and an

increase In range results.

The primary noise source for electromagnetic receivers

underwater is low—frequency atmospheric noise such as from

lightning and power transmission lines. Since the conductivity

of the seawater acts as a shield , the sensitivity of deep

receivers is limited only by their own input noise. Detection

range is improved by narrowband f iltering and coherent detect ing,
however these techniques also severely restrict the achievable

.information rate.

Table 2.L~ shows the theoret ical variat ion of detect ion
range vs transmission path depth for low—frequency electromagnetic

signals.2 In this table, the transmitter is assumed to have a
10 m antenna with a radiated power of 10 W. The receiver -

detector is assumed to have a 100 sec averaging time . The

— receiver is assumed to be atmospheric noise limited down to a~
depth of 800 m, below this the range would be determined by

system noise , hence typical lower limit values are shown here.

12

- . -— -

~

---

~ 

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



_______ 
- -

__

—
~~~~ __—.—.——•—__. 

-~~

~~3
C) .,.4~~~
4)

H
ii~ 4-s 0
.~~~ 4) -p 4)
S.. 43

4) 4) ~p -s-l 0 4) 4)
.~ C) ~41 ~~~~~ O 4) 0

•.-i~~~ 5-4 tn R~S I C )  4-4 P~ 41) 0 +‘ H
4) ~~

— H ~~ a
II .

~~4 9 ~~
-

~~ r ~ 
.4.’

‘I-. — - p., 
~ ~-, c~

41 &i 0 4 )  4)
“-4 +‘ H

5-4 +’ #~
E 0 ~~ ~~~

0 0 0 0 0 0 0 0 0 0 0 0 00 0 0  4-s ~ H
- - S.. a 0 0 0 0 0 0 0  ¼0 0 0 0  C’~~ 0 0 \C) 5., CD £~

Li.. 41 (‘1 ‘~C) 0 O\ ‘.0 t— C— (r) 0 -~ ‘.0 C’~ ~~~~ ..~ (fl ~~ 0) ~~ 4)
I- a a a a ø a a  .. a p .4.’ (/) ~ .4.)

~~ r-1 C’i C\ t H H H 04 C~i H .~ 0 Cfl C~C/) H H H H H ‘d 0 + ’
LU

H I I
.~~ H

L)
.0

I— ‘0 CO O H
LU ~~~~ H O )  04

5--, 4)

~~~ ___________________ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  +‘ c4
- 

~~ 4)

~~ CD

I— LI~
C..) ‘0 0 0 0 nfl Lr\ 0 • ~

— • ~~~~ 0 04w —. a-, t— it-. ‘.0 C\ C-— ~
-‘1 H ~.C) H C’) C’) ‘—5 -‘-4

_3 S.. H C-- H H
LU .0 .0

>- — _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

C’-) 0
4) 4)

LU N H H

0~ S 0
LU • C 0

>3 .-4 .~.4Li U ~~~ 0 0 ~~~
- 0 0 ~~~~ 0 ~~~~ ~~~~ 0 0 -~ 0 0 4) 4.)

I H O  H O  -4 H O  H O  (55 ~~
U) H H H H

o ( 1 ) 0 0
C. 4) ‘3)

I U) ~~ -P 4 .’
S.. ~ 4) 4)

_.J Li.. SI ~
LU

— _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I I I

LU

I— E
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

LU • 0 0 0 0 0 0 0  C\J CO 0 (\J CO
.~~~ H H H -~~~ -~~ aD C’i C— ,-4 Cfl C— H

H H (11
• 0. 4)

4) +3
• A A A A A A 0

(‘-4 — ______________________________________  
z

LU
—I
.
~~

L  
_ _



,. ,.~~—, -~~~ 
— —

In general, the table shows that the greatest ranges are

achieved near the surface using higher frequencies. Transmission

near the bottom does almost as well, but here t he lowest fre-
quencies produce the best range. The range achieved is sensi-

tive to the value of the bottom conductivity. At mid—depths,

away from the surface and bottom effects , the lowest frequenc ies
again produce the greatest range . The ranges achieved using

10 W low frequency EN wave transmission can be seen to be

appreciably greater than the 30 m and 160 m values predicted

for the 10 W static magnetic or electric field sources.

2.1.4 Underwater light transmission

The absorption of light energy by seawater Is wavelength

dependent , and is minimum in the region from ~4500 to 5500
Thus , to ac hieve the greatest transmission range , opt ical
sources and detectors should operate in this band . Fortunately,

several powerful optical sources are available such as the

argon laser , the yttrium-aluminum-garnet (YAG) laser, and the
• thallium-iodide doped mercury arc lamp. The lasers have high

beam collimation but low efficiency (0.1 to 2%) and the mercury

lamp relatively high efficien~y (16%) but low beam collimation .

The YA G laser , at present , offers the highest beam power capa—
bility but Its output at 5300 suffers almost twice as much

attenuat ion per meter than does t he out put of the argon laser
at 14765 ~,

The state of the art In opt ical detectors has reac hed the
point where an Individual photon is detectab le. Hence , the only
feasible detector improvement for achieving increased optical

sensor operat ing range is improved signal processing to reduce

114
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noise from interfering light quanta and from detector dark current

pulses. The primary sources of interfering noise for optical

systems in the ocean are background illumination near the surface

and bioluminescence at depth.

In order to compare the poten tial performanc e of opt ical
sensors in the ocean against other sensors , it is useful to deter-

mine the maximum detectable range for a laser-detector system .

Table 2.5 shows the values obtaIned 2 for the argon and YAG lasers

as a funct ion ’ of depth in clear ocean water. The detector noise

level was assumed to be controlled by daylight penetration at

shallow depth , bioluminescence at intermediate depth and by the

number of available photons for deep sensors (as shown in the

table). For photon—limited detection , a required arrival rate of

about 2 photons/sec was assumed over a 5—sec observation period.

The values shown in Table 2.5 indicate that a maximum detect-

able range of about 1 km is achievable for a 10 w (average output

power) argon laser beam in seawater. In order to increase this

range it is necessary to increase the beam power , the receiving

aperture area , or the observation period. For photon limited

detect ion , an increase of a factor of 10 in any of these quanti—
ties results in a range increase of only about 50 m for the argon

laser , since the beam attenuation is controlled by absorption
loss , not spreading loss. Moreover , it must be remembered that

the values shown in the table are for clear ocean water , a condi-

tion that is often not found — especially near the surface.

2.1.5 Underwater sound transmission

Sound is widely used by underwater sensor systems since it

propagates well in seawater at frequencies which permit a large

15 
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amount of information to be carried . Underwater sound propaga-

t ion is Influenced by the densit y ,  salinity and thermal gradients
In the ocean and thus rare ly follows a straight propagat ion pat h .
The propagation of sound in the ocean is a complex subject , well

covered in the literature 3 . Hence , to permit a convenient com—
parison of sound ener gy propagat ion with the other forms of
underwater sensing previously discussed , an isotropic medium is

assumed where sound propagation losses are controlled by spherical

spreading and an absorption factor per unit distance.

The output power available from an acoustic source is limited

by the cavitation threshold of the water. This effectively limits

the transmit ted powe r to about 1 W/cm 2 near the surface. Thus

to Increase the achievable out put power It is nec essary to In-
crease the radiating area of the source. However, when this

is done the source becomes more direct ive , I.e., more like a
searchlight , and special designs are required to achieve the
des ired radiat ion pattern .

- - Acoustic receiver sensitivity Is determined by the crystal

geometry and the type of piezoelectric material used. Modern

hydrophorie designs are generally ocean—ambient—noise—limited

rather than receiver—noise—limited . Hence , improved e f fec tive
sensitivity is obtained by making the hydrophone or receiver

array directive to limit the amount of ambient noise received

and by employing special signal processing. 
-

The maximum achievable range for an acoustic transmitter—

receiver system is shown in Table 2.6. Here the range is deter-

mined at several frequencies for a 10 W 1—sec transmitted pulse.

3See , for example , R.J. Urick, Princip leB of Underwater Sound
for Eng in eering , 2nd Ed., McGraw—Hill , N.Y., 1975 .
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TABLE 2.6. UNDERWATER PROPAGATION OF SOUND

Frequency Attn . (dB/km) Max, Detectable Range

10 kHz .6 60 km

32 kHz 5.0 12 1cm

100 kHz 30 2. 14 km

Assumptions : 10 W OTnnidirectlonal source
3.3.2 Ambient noise (~~hermal noise limit

at 100 kHz)
10 dB S/N ratio

1 Hz Signal ban dwidt h

Oninidirect ional receiver

16°c Water t emperat ur e

35 ppt salinity

18
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The rece iver noise limits are determined by the ambient noise In
a 1 Hz filter band for Wenz Sea State 2 spectra . A recognition

differential of 10 dB has been used (s ignal = 3x noise level ) .

The observed values of achievable range can be seen to be

appreciably greater than the ranges obtained at the same 10 W

output power for the other forms of underwater sensing energy

considered. Thus, underwater acoustic sens ing systems are
evidently the winners in terms of efficiency and achievable
range. However , for special applications , other sensor require-

ment s must be cons idered such as extreme ly broad bandw idth ,
transmission through the water—air interface , or measur ement of’
chemical and optical phenomena . In these cases appropriate ,

nonacoustic , sensing means must be selected. This study will

thus be broadly based and include representative sensor systems

from all of the groups discussed.

19
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3.  MORPHOLOGICAL A N A L Y S I S  APPL IED TO SENSOR TECHNOLOGY

3.1 The Morphological Method

The term “morphological method” was first used by Fritz

Zwicky~ to describe a technique for methodically describing

• all possible ways of achieving a specified purpose. This tech—

nique , if carefully formulated , is capable of focussing atten-

tion on possibilities for achieving the purpose which are not

immediately obvious , and which may be of cons iderab le benefit
if implemented. The method is thus useful In assisting tech-

nology forecasting but rllust be supplemented by judgmental in— -

sight on technological feasIbility .

In order to use morphological analysis productively it Is

essential that the fundamental aspects (principal fields) of

the selected subject be identified , I.e., that Its organic

structure (morphology )~ be understood . The ways of realizing
each of the fundamental components are then analyzed to derive

• a general taxonomy for the entire subject.

This process can be Illustrated by considering the problem

of making a sandwich. Table 3.1 shows a sandwich taxonomy which
is representative but not - all—inclusive . This taxonomy rec-

ognizes that the morphology of’ a sandwich has five fundamental

organic component groups. To determine all possible ways of

making a sandwich , It Is necessary to consider all combinations

of each component in the five major groups, a total of 22,680
possible morphologIes. Thus, the process of morphologica l
analysis forces one to consider every combination ranging

~F .  Zwl cky , Discovery, Invention and Research , McMIllan, New York,
196 9 .
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TABLE 3.1 TAXO NOMY OF A SANDWICH

1. Bread

white , whole wheat , puinpern ickl e , rye , French bun , Engl ish muffin,

bagel, long roll, onion roll

2. Spread
cream cheese , butter, mayonnaise, margerine, mustard , olive oil ,

none

3. Filling
ham , cold meats, lox , kippers , peanut butter, ja m , hard cheese,
process cheese, hot dogs, pastrami , hamburger , none

4. Relish
lettuce , onions, sliced olives, piccalilli, none

5. Spi ce
salt , black pepper , red pepper , tabasco , oregano , none

from the absurdly obvious to the obviously absurd . Presumably,

somewhere in the middle are delectable sandwich possibilities

such as a kipper and cream cheese sandwich on an onion roll

F with  sliced olives and a dash of tabasco.

Since the routine analysis of 22,680 sandwich combinations

would require an appreciable effort , even if only theoretical,

it is useful to reduce the number of combinations to involve only
the essential fields of the taxonomy . Thus , for sandwiches ,

the essentials are probably bread , spread , and filling . The

remaining total combinations are thus reduced to 756 , which

represents a more easily digested analysis task. If additional

privation can be endured , a morphological analysis can be done

considering only the bread and filling taxonomy fields. This
• results In 108 “residual” morphologic combinations which

consider only the major nutritional components of a sandwich.

21
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This process of reduc ing a complete taxonomy to a simpler one
containing only the most essential components is thus the key

to developing useful (and manageable) morphologica] analysis

proc edures for complex systems .

3. 2 Deve lopmen t  of  a Senso r  Taxonomy

The process of developing a taxonomy for water—related

and underwa ter sensors wa s difficult because it wa s not an
easily conceptualized , isolated technology such as sandwich

making . Many technical fields were involved as well as many

different sensing requirements. Thus to Insure that an adequate

taxonomy was obtained, three major groups of descriptor fields

were included. These were derived by considering the primary

function and major working principles of the sensor itself,

the environmental relationship between the sensor and the object

sensed , and information about the object and its interaction with

the sensing process. This is a variation on the classic “source ” —

“path” — “receiver” conce pt use d in acoust ics and other informa-
tion transfer technologies .

Sensor descriptors were selected which are based on

scientific sensing principles rather than on terms’more specific

to sensor operation . This was done so the taxonomy would remain

relevant even though sensor types were added , modified , or
dropped. The various forms of sensing energy (stimuli) that
could be employed by water—related and underwater sensing sys—

tems were used as the basis for organizing the sensor descriptor

fields. In addition , the sensing method (direct or indirect),

the sensor involvement (act ive or pass ive) and the sensor
availability (commerc ial product , laboratory prototype, dev~~.op—
ment project , or theoretical study ) were included in the set

of major sensor descr ip tors .

22
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The environmental descriptor fields were determined by

considering the relevance of the environment at the sensor ,
the environment at the object , the preferred sensor platform ,
and the sensor—object proximity. These environmental factors

were important in considering which of several possible stimuli

would be appropriate for the required environmental morphology .

For exam ple, If the sensor were In air and the object underwater ,
sound would not be an appropriate stimulus because of the

attenuation suffered at the water—air Interface.

Three major object descriptors were included in the sensor

taxonomy because of their importance to sensor operation. These

were the nature of the object sensed ( discrete , distributed or
continuous); the object—stimulus interaction (was the object

itself active or did It simply modify the sensing stimulus in

some way); and the type of information about the object that was

desired. (Was information transferred between object and sensor?

Was only one—dimensional synoptic—type information obtained or

was multi—dimensional, image—type information obtained? )

The sensor taxonomy which evolved is shown In Table 3.2. It

is recognized that this format may have more descriptor fields

than are required for many sensor morphologies. The chief

benefits of retaining as much generality as is practical may be

seen by considering how the taxonomy Is to be used. Initially ,

this format is to be used in developing a data base containing

Information on present sensing technology . The same taxonomy

format will then be used to organize specific morphologies for
searching the data base to determine how well existing sensor

technology matches a required Coast Guard application. Thus

the sensor descriptor information in the data file must be as

23
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complete as practical , since it will not be possible to develop

search morphologles which need descriptor fields not included

in the data base.

The generality of the sensor taxonomy will allow both

user—oriented and developer—oriented searches to be made . For

example, if a specific sensor use is identified and a search

of the data base is to be made to determine the number of sen-
sors that may be applicable , It is only necessary to speci fy

a morphology based on the known environmental and object des-

criptors . The stimulus descriptors do not need to be specified

since , presumably any sensor that meets the environment and ob-
ject information requirements should be examined as a poten-
tially applicable candidate.

A sensor developer probably will have specific types of

stimulus technology available and will wish to know how these

stImuli are used in existing sensor systems and what environ—

mental fac tors must be considere d in the des ign of new sens or
systems . Thus a morphology which includes a major set of sensor

• descriptors and some object descriptors would be appropriate

for a data base search to see how many exist ing sensors were
available for various environmental combinations . The combina-

tions which were not provided for by present technology would

be identified by the search, and a decision could- be made as

to whether -or not a real technical need existed.
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4. PRESENT SE NSOR TECHNOLOGY — OBTAINING THE DATA BASE

4.1 Sensor Information Search Procedure

Because of the broad scope of this study , it was necessary to

obtain a data base of sensor information which was representative

of the state of the art in all of the relevant technologies. The

acquisition of a comprehensive set of information in any specific

sensor area , such as un derwater acoustic detection systems , would
consume an excessive amount of contract resources. Thus the data

base composition had to be a compromise between breadth and depth.

State—of—the—art sensor information was obtained after orga-

nizing a key word list covering all of the sensor fields relevant

to Coast Guard activities. This key word list was supplied to the

Defense Documentat ion Center (DDC ) for a literature searc h of
Department of Defense Report s Including classified Informat ion
through the level of SECRET . In addition , the list was also used

for a searc h by the Nat ional Tec hnical Informat ion Service (NTIS )
of all government sponsored report s from nonDOD agenc ies . These
searches concentrated on t he past five year period .

In addition to these searches , a review of abstracts in the

• Engineering Index was conducted along with a survey ~f selected

recent tec hnical journals and trade magaz ines.

The bibliographies resulting from the DDC and NTIS searches

were reviewed and reprints of selected Items requested. When

these reprints were received , a second review process was followed

to select the items to be entered in t he sensor data base .

Information about commercially available sensors and about

sensors now under development was obtained by a letter survey

of manufacturers , government laboratories , and private researc h
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institutIons. A total of 259 letters were sent out and 115 replies

received. Of the total number of replies received , 82 contained

information useful for the study.

4.2 Organization of the Sensor Data Base

Each sensor system to be entered in the data base was cata-

loged using a standard 2—page format . Page 1 contained a general

description of the device together with manufacturer or author

information as shown in Table ~.l. Page 2 contained the taxonomy

information as shown previously in Table 3.2. The taxonomy in—

formation was determined by a reviewer familiar with the appro-

priate sensor technology . Following a review of the sensor in-

formation , the correct descriptors on the taxonomy sheet

(Table 3.2) were selected. A key number was then assigned to

the data entry and the page 2 information was then coded into a

computer file. The page 1 information was organized into a

printed catalog and comprises two appendices to this report .

Appendix C contains the unclassified sensor information and Ap-

pendix D the classified information. These two appendices are

separately bound .

It was necessary to establish some general rules to insure

consistency within the data base in reviewing the sensor informa-

tion and specifying the appropriate entries on the taxonomy sheet.

Thus , even though a certain procedure might subsequently be deter—
mined to be inaccurate , at least it will be consistently inaccurate

and a general correction can be applied. Table LL 2  contains a

list of the general assumptions used in determining the “correct”

taxonomy descriptor.

27

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



— 
• 

- - -
:~~ : z L J~J - ’ --

TABLE 4.1. WATER -RELATED SENSOR DATA FORM

1. Instrument or System Descript ive Title , Model No.

or 3

Technical Paper Title

2. Manufacturer and Address

or

Authors and Address (usually employer’s address)

3. Date of Information

or

Technical Reference Cit ation ( Follow ASA Format — example —

Journal , Volume, No. ,  pages , date)

~~. List of Specifications

or

Abstract
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TABLE 4.2. TAXONOMY DESCRIPTOR DETERMINATION

Descriptor No. Coment

5.2 Sensing Method If the stimulus employed by the sensor
does not obtain information directly from
the object, the method is “indirect”.
Example: An electromagnetic water cur-
rent meter indirectly measures flow speed
by directly detecting the voltage induced
across a set of electrodes placed in a
magnetic field

6.4 Sensor—Object Proximity The sensor is considered “near” the objec
if it is within a distance less than the
overall dimensions of the sensing element
Itself.

7.1 Nature of Object Sensed “Continuous Medium” is appropriate if the
sensor works with properties of the
medium itself rather than those at a
boundary or object within a medium.

7.2 ObJect—Stimulus Interaction “Stimulated Emission” results from con-
version of sensor stimulus energy to
another frequency which is reradiated;
or if stored energy is released by the
object, the released amount is related
to the energy or bandwidth of the sensor
stimulus.

“Cooperative Emission” may be initiated
by the sensor stimulus or may occur at
expected intervals . It is not dependent
on energy and bandwidth properties of’ the
sensor stimulus . 

-
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5. ANALYSIS OF UNDERWATER AND WATER -RELATED TECHNOLOGY AS APPLIED
TO COAST GUARD NEEDS

5 . 1  E s t a b l i s h m e n t  of M i s s i o n  S c e n a r i o s  and C o r r e s p o n d i n g  Sensor
Tempi ates

Since the concept of morphological analys is is applied to
sensor technology in this study, it is convenient and consistent

to also apply it to the selected Coast Guard activities discussed

in Sec . 2. This will help insure that all possible mission

“scenarios ” are recognized and that the sensor systems which

would ass ist , or be required by, these miss ions are cons idere d .
Ideally, each mission scenario implied by a given morphological

combination should be examined for its possible sensor require-

ments. This was not possible because of the large number of

mission scenarios developed by this procedure .

To reduce the procedure to manageable dimensions and still

retain the generality of the morphological method , the following

analysis se quence was dev ised :

1. Develop a miss ion taxonomy for selecte d general CG
activities.

2. Develop a general “template ” for all sensor descriptors

implied by the mission taxonomy using the sensor taxonomy sheet.*

• 3. Search the data base using the general template.

~I, Depending on results, repeat searche s using progressIve ly
fewer search fields (in order of priority relating to mission)
until a number of nonrelevant sensor types appear in output .

Several priority schedules may be tested. To insure that the

search field Is sufficiently broad , some nonrelevant output
must be permitted.

~The “template” in this application is the list of sensor descrip—
tors that the computer Is requested to search for. All sensors
in the data base which have matching descriptors are identified
by key number, title , and specific use on the output sheets.
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4 5. Select a “best” set of search fields and printout a

general morphological combination set using the template items

in the selected search fields. The final set of morphological

fields should consider not only those defined in Step 4 by the

present data base , but also should include the fields relevant

to future sensor technology from the genera-l template of Step 2.

6. Analyze the morphological list for comb inations which

are relevant but for which existing sensor technology is m ade-

quate.

7. Outline appropriate procedures for filling the indicated

technological gaps.

The general mission taxonomies developed for 3tep 1 in this
procedure were restricted primarily to cover operational descrip—

tors which might have water—related sensor implications , hence

some items of general operational procedure may be omitted. What

is hoped is that no significant water—related mission descriptor

has been overlooked.

The general miss ion taxonomles and corres ponding general
sensor templates are shown on the following pages. In some cases

the general miss ion taxonomy encompasse d suc h a wide range of
poss ible sensor descr iptors that it was necessary to select some
specific mission areas within the general taxonomy -to obtain a

better focus for the analys is proce dure .

31

I
— - - -—- •~~~~~~~~~~ • ~~~~~~~~~ - —- -• ~~~~~~~~~ - -- • -~~~--— ~~~~~~ -—~~~~~~~~~~ —--_•-—~~~~ •~~~~



5.1:1 Taxonomy of search and rescue

1. Search Area

Harbor , seacoast , Continental Shelf , Deep Ocean

2. Distreased Object

Personnel, small craft (open), coastal vessels (decked
pleasure craft , fishing vesse ls , small commerc ial vesse ls ) ,
ships (ocean—going) , aircraft , submersibles , offshore platforms,
iso late d bases.

3. Search Vehicle

None , satellite , aircraft, airship , small boats (CG or
private , single or several), conventional USCG cutter (ocean—

going), high—speed surface craft (hydrofoils , surface—effect—

craft ) ,  semisubmers ible surface craft , submersible.

4. Rescue Vehicle

None , aircraft , airship , small boats , cutter , high-speed
• surface craft , semisubmersible surface vessel, submersible.
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• 5.1.1 Taxonomy o f se a r c h a nd r e sc u e

1. ~earch Area

Harbor, Seacos t, Continental Shelf , Deep Ocean

2. Distressed Object

Personnel , small craft (open), coastal vessels (decked)
pleasure craft , fishing vessels , small ~ommerIca 1 vesse ls ) ,
ships (ocean—going), aircraft , submersibles , offshore platforms ,
isoloated bases .

3. Search Vehicle

None, satellite , aircraft , airship , small boats (CG or
private , single, or several), conventional USCG cutter (ocean-
going), high—speed surface craft (hydrofoils , surface-effect-
craft), semisubmersible surface craft , submersible.

4. Rescue Vehicle

None , aircraft , airship , small boats , cutter , high—speed
surface craf t, semisubmersible surface vessel , submersible.

THIS PAGE IS REPEATED FOR THE CONVENIENCE OF THE READER.
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_____________

5.1.2 Taxonomy of oil spi ll detection , classification , and
removal

1. Location

River , harbor, near shore (beac h ) , continental shelf
(fishing grounds), mid ocean.

2. Detection

Satellite , aircraft, motor vesse l, cutter , outside agency
(or private vessel).

3. classification

Remote sensor, in—situ sampling and analysis , sampling and

remote analysis , none .

4. Removal

By party at fault , CG small craft , specialized sweep vessel ,

CG strike team and spill barges , CG battalion and specialized

ships.
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5.1.2 Taxonomy of oil spill detection, classification , and
removal

1.  L o c a t i o n

River , harbor , near shore (beach), continental shelf

(fishing grounds), mid ocean .

2. Detection

Satellite , aircraft , motor vessel , cutter , outside agency

(or private vessel).

3. Classification

Remote sensor , in—situ sampling and analysis , sampling and
remote analysis , none .

4.  Removal

By party at fault , CG small craft , specialized sweep vessel ,
CG strike team and spill barges , CG battalion and specialized

ships.

-4
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5.1.3 Taxonomy of offshore law enforcement

1. Suspect “vessel”

Large ship, fishing vessel , small craft , submersible ,

swimmer.

2. - D e t e c t i o n  (p l a t f o r m)

Shore base , satellite , aircraf t , airship , cutter , high speed
surface craft, semisubmersible , subriiersible.

3. Interception (p latform )

Interception made by detecting vessel , aircraft , airship ,

cutter , high—speed surface craft , semisubmersible , submersible.

4. I d e n t i f i c a t i o n  ( st i m u l u s)

Light (visual), electromagnetic (radio), acoustic (direct

voice or electronically augmented sound), imaging methods (radar ,

IR viewers , photographic , satellite).

• 5 .  E n f o r c e m e n t  (p r o c e d u r e )

No action needed , transmitted message (visual , radio , or
acoustic), close inspection (overflight or pass—by), board and

searc h , seizure of vessel.

6. F o l l o w - u p  (p r o c e d u r e )

None required , continued surve illance , escorted passage ,
transfer of command and control.
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5 . 1 . 4  Ice operations taxonomy

1. Location

Arctic , Antarctic , Great Lakes , Northern Ports , Northern

Rivers.

2. Ice Type

River (fresh water), slush , pancake , field , pack , glacial

(iceberg).

3. Mission Purpose

Ice measurement and mapping, search and rescue , prevention

of flooding, facilitate marine transportation (ice breaking),

law enforcement , pollution cleanup support , ice station , support

of other agencies.

4.  Anti-Ice Procedure

Avoidance , mechanical (ice breaking), thermal (increasing

heat input to ice), hydraulic (increasing water- motion to prevent

freezing).

~42
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5.1.4 Ice operations taxonomy

1. Location

Arctic , Antarctic , Great Lakes , Northern Ports , Northern
Rivers .

2. Ice Type

River (fres h wa ter) , slush, pancake , field , pack , glacial
(iceberg).

3. Mission Purpose

Ice measurement and mapping, search and rescue , prevention
of flooding , facilitate marine transportation (ice breaking),

law enfor cement, pollution cleanup support , ice station , support
of other agencies.

4. Anti-Ice Procedure

Avoidance , mechanical (ice breaking), thermal ( increas ing
heat Input to ice), hydraulic (Increasing water motion to prevent

freez ing).

THIS PAGE IS REPEATED FOR THE CONVENIENCE OF THE READER.
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5.1.5 Port safety and security taxonomy

1. Type of Port

Deep—water (offshore), open roadstead , enclosed harbor ,
estuary , major lake, inland waterway , river.

2. Navigation Services

Advisory service for approaching vessels, vessel traff ic
serv ice in harbor , ship speed surveillance.

3. Ship Handling Facilities (and Berthed Vessels)

Oil terminals , LNG terminals , container docks , general
cargo piers , fish handling piers , passenger terminals , shipyards ,
dangerous cargo docks.

4. Anti—Pollution Measures

Periodic harbor boat patrols, aerial surveillance , routine
surface vessel sampling, fixed cont inuous monitors (o il , chemical ,
and nuclear sens ors) .

5. Anti-Sabotage and Terrorism Measures

Local police patrol , rout ine CG harbor patrol , dock access
security check , sw immer and submers ible detect ion system , sur—

veillance of suspect vessels , monitor systems on dangerous cargo

docks (explosive vapor and nuclear radiation sensors), spec ial
coverage of potential terrorist targets.
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5.1.6 Aids to navigation taxonomy

1. Location

Rivers , harbors, coast , com inental shelf , deep ocean .

2. Environmental Conditions

Benign, high winds , high seas , ice , rain , fog.

3. Platform

Shore mounted, fixed (at sea), tet hered (buoy ) , bottom
mounted.

4. Operating Stimulu8

Visual , acoust ic , underwater acoustic , electromagnet ic ,
magnet ic , electric .

5. U8er Equipment Requirem ents

None , chart (light list), general radio receiver , specialized
radio rece iver , spec ial sensor equipment .
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5.2 Determination of Relevant Sensor Technology

5.2.1 The TEMPLATE program

A program for examining the data base to determine the relev-

ance of existing sensor technology for specific Coast Guard appli-

cations was implemented on a Wang Laboratories Model 2200 Computer

System . This computer was selected because oi~ its general avail-

ability in Coast Guard facilities. The template matching program
(TEMPLATE ) has two search modes. In the “regular” mode a search
will be implemented using only one descriptor in each taxonomy

field. This is used when very specific sensor applicat ions are

being considered. In this mode a sensor must match for every

descriptor specified in the search morphology , or template, before

being found and identified by t program . In the “or ” mode
several descriptors may be sele~~ ed in each taxonomy field. This

has the effect of permitting a search using several morphologies

simultaneously. Sensors will be found and Identified by the

program which match one or more of the possible morphologic

combinations .

An example of a template for a search for oceanographic

current meters is shown in Fig. 5.1. Figure 5.2 shows an

example of the output from ~this search. This outpt~t is in

the “short” form where the data base key number , the sensor

title , and its specific use are listed.* A “long” form output

is also available which provides the above information plus all

of the sensor taxonomy descriptors . Note that all of the sensors

identified in Fig. 5.2 are appropriate with the seeming exception

of sensor key number 280, which is an electromagnetic ship speed

log. This instrument is, however , a type of reverse current

*A complete sensor data base list in short form is included as
Appendix B of this report . The long form descriptor list for
each sensor is included in Appendices C and D (bound separately).
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meter which moves in a “fixed” medium . Thus, if the electro—

magnetic principle were not already being used for conventional

“fixed” current meters , this application of the morphologic
method would have ident ified a new sensor applicat ion.

The general templates developed for the Coast Guard missions

shown in Secs. 5.1.1 to 5.1.6 were used to examine the data base

for specific sensor systems suitable for the range of applications

implied by the associated mission taxonomy . In most cases a group

of 20—60 sensors were Identified , most of which were either
directly app licable to the required need or which employed re-
lated or adaptable technology .

The “or ” mode search of the data base using a general mis-
sion template effectively provides only a general answer about

the suitability of available sensor systems . In order to obtain

sensor information relating to specific missions, a comp lete
morphological analysis must be conducted wherein each possible

morphological combination in the general template is used to

search the data base. As illustrated previously in the sandwich

example , this often results in a very large number of possible

combinations. To make this task manageable (even with the aid

of a computer), It was necessary to determine which of the sensor
descriptors specified for each general mission template were

essential and which were redundant . This was done by using

progressively simplified templates in successive searches of

the data base. If an Important descriptor field were left un-

specified the search program would permit a significant increase

In the number of nonrelevant sensors identified. Thus after

several iterations it was possible to derive a “residual”

template for each of the original general mission templates.
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These residual templates were then used to form all of the

possible sensor morphologies permitted by the remaining taxonomy

descriptors.

5 .2. 2 T h e R E S I D UAL p ro g ram

To fac ilitate the morphologica l analysis, the “RESIDUAL”
program was devised.  This program resulted in a printed form

showing all of the possible morphological combinations for a

residual sensor taxonomy . As each combination was formed, a

complete search of the data base was conducted to determine the

number of sensors matching that spec ific morphology . The matc h-
ing sensor key numbers were then printed at the end of the line

illustrating each morphology . Thus by reviewing the results of

the program, it was possible to immediately spot any morphologies

which did not evoke a sympathetic response from the data base.

These combinat ions were then analyzed to determine if

1. The morphology had practical meaning

2. If there was a gap in the data base

3. If there was a gap in present technology .

The results of this analysis were then used to develop the

recommendations which are the principal output of this study .
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6. RESULTS OF THE SENSOR MORPHOLOGY ANALYSIS

This section presents a summary of the sensor analysis for

each of the residual taxonomies developed for the selected

Coast Guard activities. Morphological combinations of particular

interest are discussed In detail in a general summary of the

analysis for each activity. A discussion of all the results

has been included at the end of this section and in the executive

summary .

The complete computer output for the RESIDUAL program

searches is contained in Appendix A together with the associated

detailed analysis sheets. These forms show the mission scenario

implied by each morphology combinations , the relevant sensor

systems , the number of sensors identified in --the data base which

match the combinations and an indication of whether or not the

identified sensors are relevant to the specific mission. To

illustrate the analysis procedure , an example of the computer

output and the analysis format is included in the following sub-

section .

A sensor system is occasionally “found” by the RESIDUAL

program which is not seemingl~i relevant to the application for

which the search is being made . Conversely , a relevant sensor

system in the data base may be missed. This results from an

incorrect classification in the sensor taxonomy in the data

base or an insufficient specification of the search morphology

to sort out inappropriate sensors . In presenting a summary of

the results , any sensor matches which do not seem applicable

have been eliminated and any known sensors which are relevant
have been added. The nonrelevant sensor systems have been

indicated by parenthesis around their key numbers in the program

output sheets.
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6.1 Search and Rescue

As shown in Sec. 5.1.1, two general sensor temp lates were
derived from the mission taxonomy . This was done to be more

specific in the sensor morphology , since a search mission

may be oceanic in scale and require detection of a distress signal

over considerable distance , whereas a rescue miss ion usually In-
volves a smaller area and requires sensors to distinguish the

distressed vessel or survivors from other craft or from the sea

surface background .

The general templates were too large to permit convenient

analysis, hence the descr iptor reduct ion process descr ib ed earlier
was used to obtain two residual templates. The resulting residual

morphological combinations were then analyzed with the assistance

of the RESIDUAL program.

6.1.1 Search

Res idual Taxonomy and Sensor Des criptors

Environment at Sensor : Space , Air , Surface, Underwater ,

Bot tom

Environment at Object : Surface , Bottom

Sensor—Object Fi~ox imity:  Remote

Nature of Object Sensed: Animate (discrete), Solid
(discrete) ,  Film

Object Informat ion: Communication, Detect presence

Total Number of Combinations : 60 (See Fig . E.l)
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Number of sensors from data base matching one or more

combinations : 60

Sensors with highest number of matches:

Key No. No. of Matches Sensor Description or Specific Use
132 8 (corr.) Infra Red Detector (nonrelevant matches

omit ted )
133 8 (corr.) Infra Red Detector (nonrelevant matches

omitted)

212 6 Magnetic anomaly detec tor
95 5 Sea surfac e marker agent s
27 Magnetic gradlometer and magnetometer

158 4 Forward Looking Infra-red sensor (FLIR)

207 11 SOFAR system

272 14 Buoy mounted acoustic detection system

279 4 (corr.) Satellite aided emergency beacon detection

(Relevant matche s added)

(Spec ific Informat ion on these sensors is availab le in the
Appendices under the sensor key number.)

Ezplanation of the Ana lyeie Procedure

The output of the RESIDUAL program as shown in Fig. 6.1 was

analyzed using the following procedure and summarized In the

format shown In Fig. 6.2

1. State the Coast Guard mission scenario(s) implied by

the specific morphology for each of the reference lines of the

computer output . (Column 2 in FIg. 6.2).

2. Analyze the sensor systems found by the program for

relevance to the mission application . Determine If the sensors

L. 
~~~~~~~~~~~~~~~~~~~~~
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found are directly applicable , emp loy c losely related tec hnology,
or are not relevant . (The total number of sensor systems found
In each category are listed under columns “R” , “C” , and “NR” in

Fig. 6.2.)

3. If no sensor systems are found, Is this a problem with
the data base or is no relevant technology available? Data base

problems may be due to incorrect taxonomy assignment of sensors

already Incorporated (denoted by * in Fig. 6.2), or due to
omission of existing sensors from the data base (denoted by **
in Fig. 6.2). The number of’ sensor systems denoted by * or ~‘
should be considered only as representative since their identi-

fication depends on special knowledge of the data base by the

analyst .

4. Determine if existing sensor technology seems adequate

for the specific mission requirement s , if further development
or modification of existing technology is Indicated , or if new

technology must be evolved-. Use imagination tempered by the

tec hnical requirements. (Co lumns “F” , “D”, ~or “N” in FIg. 6.2.)

5. Select the most appropriat e sensor system or develop-
ment idea and summarize in a brief comment . (Column 3 in

Fig. 6.2.)

6. Indicate whether or not this is a mission area where

sensor development spec ifically for Coast Guard needs is
recommended (“USCG Dev. Recoin .” in Fig. 6.2).

7. Provide a brief discussion or recommendation for the

sensor development which seems most appropriate for this

specific USCG mission . (These recommendations are keyed to

the reference line number of Figs. 6.1 and 6.2 and listed on

the pages following Fig. 6.2 under “Identified Technological

Needs Relevant to this Mission .”)
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DATA INDICATED USCG
LINE IMPLIED SCENARIO (S) FROM MORPHOLOGY APPROPRIATE SENSOR SYST EM(S) OR TECH D(v.

COMBINATION ON REF. LINE COMMENTS ON MORPHOLOGICAL COM8INATION R C P.~ E D N

1 Distre ss cal from swimmer via soteflite to rescue statio n Radio emergenc y beacon with .ufficient power (see key NIl 2 (9 )  1’ / 
— 

If

2 Detect a .wl er in di.tre. . from • ..t.llitm Rad io emergency bee,con woul d .erve thi n tun,tios also 1’ 
— 

3 
— 

/ .‘

3 Distr ..s call fr om a boat or liter ad’ t via a satellite R.di. emergency beacon (can be la rger than s.iomi.,g type) 1. / /
U Detect a boat ii, distress from a .at. llit. Radio emerg ency beacon (as above ) 1 3 2 / /

5 U.. of a dye marker detect able from .psc e to give di.tr e.s ‘The quan tity of dye r eq u ir ed may be car essive 1
signal

6 Detection of dye marker or oil, slicks to show distressed Matching of dye spectrum and satellite sensor respon se could 3 ~ / If
vessel position impr ove dye patch det ection — — — — — — —

7 Co unicat ion of distres , signal from diver on botto m via Swimm er .mer gency beacon in waterproo f case with pop—up 
~. Ifsatelli te buoyency package 
— — —

8 Detection or diver in di.tre. e by~~ satellite R ad io emergency beacon as above 1~ 2 If /

9 Comm unicat ion with distre .oed subm ersible vi. sat ellite Again a pop—up type of radio beac on is appropr iat e (nec boy 2’ If-numbers 279 . 231)

10 Detection of a distre .s.d submersible from a satelli te Radio beacon so above 
— 

2~ 2 
— 

/ 
— 

/
11 Detection of a submerged film from space (distress signal ) Rot feasible unless film float s t~ surface — l ine 5

12 Am above Rot feasible 2

13 Distress call from swimmer to aircraft or airship Radio emer gency beacon agmi,. appropriat e l~ If /

lb Detection of distressed sWimmer from aircraft or airship I l L I R . DR .nd visual sensors , r sCio emergency beacon 5 2 3 If If If

15 Communication of di.t r e,s signal to aircraft from ship VHF radio direction finder and similar eqIi i~.nent 1 /
or boat

16 Detecti On of diotressed vessel from aircr aft or airship Radar . PLIR . SR . sod visual nensorn , radio beacons 11. 3 If

17 Dye marker from sw-fac e vessel to convey distress signs], to Visual oensors . or sensors using stimulated emission 1 If
aircraft

18 Detection of oil slick, to determ ine disir en oed vessel Visual sensors , oil pollution sensors 12 Ii If
location

19 Comm unication from distressed diver to aircraft Pop—up radio beacon (simila r to line ‘5 ) 1’ If If

20 Detecti on of distressed diver from air s-aft  Radio beacon (as above) 
— 

l 2 / 5’

21 Communin ation from distr essed submerslbl. to aI rcraft Radio beacon (a. ab ove) (similar to line 9) l~ If

22 Detection of distressed submer oible from aircraft Magnetic anomaly sensor, , radio emergency beacon n (p op—up ) 5~5 3 If

23 Dye mas ker distress signal from submersible on bot t om (or Ma15 hr effective in pop—up capsule (lIne 17) 
— 

l I If
aircraft detection

21. Dye mar ker to show general location ~ f distressed sub — As above , may be used with specific spectr um sensors 
— 

2 
— — 

.‘ 
— 

If
nersi hl e to aircraft

2 5 Comawsicatios from distressed swimmer to search vessel Radio beacon for swimm er, 1 If If

26 Detection of di.tre ,,ed swimmer from search vessel fIR • DR anti visual sensors , radio beacon 3 1 If
— 

27 Communication from distressed vessel to search vessel or Ma ergency r ad io beacon , standard radio distress call 2’ If
shore station

28 Detect distressed vessel from search vessel Rad ar , FUR , and visual sensors , radio beacon I. 2 1 If

29 Dye marber distress signal from surface craft to search May be ooed to improve detectability but not as effective a’ l~ Ifvessel in air sear ch

30 Dye marker so above Am above 1’ 2 / 
-

31 Communication from disi ressed diver to surface vessel Diver c~~~w,ica t ion equi aent can be used (see hey numbers •181, 198 A , B , 239)

CODE SYMBOLS : 0DATA BASE TAXONOMY REVISION NEEDED Sensor s Fou nd: N - Relevant . C - Clone . MR - Not Relevant
eCOATD BASE ADDITION NEEDED Ind icated Teclis s log y: C - Ex is ts, D - Deve lopsgn t Needed. N - New Tech. Req .

FIG. 6.2. MORPHOLOGICAL ANALYSIS — SEARCH (Examp le  of A n a l y s i s
Forma t )
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IMPLIED SCENARIO(S) FROM MORPHOLOG’V APPROPRIATE SENSOR SYSTEM(S) OR 
INDiCAtED ~SC

NR. COMBINATION ON REF~ LINE COMMENTS ON MORPHOLOGICAL COMBINATION R C I~ £ 0 N

32 Detection of distressed diver by sw-fac e vessel Ringer. , pingmr locator , end scan ning somer s car, be used.
also po .-up radio beacon ( see key numbers 11.2 , 153. 171.. 1.’ 15 2 / /
277)

33 Coemu~icat ion frog distressed sub mersib le to sw-face vessel h.gerwater teleph one , pop—up radio beans ., (see key sss.b.rs
or shor e station 181 , 183, 234 ) 

— — —
31. Detecti on of distress ed aubm .rsiblm by sw-face vessel Magnetic anomaly detecti on , pop—up , radio emergency b.acsn 1.’ 

— 
2 ~ = =35 Dye marker to sh ow location of distressed submersible to Pop—up cap.4e say be used , probably sot as effective as 1’ /sw-face vessel coil a. air search (line 23) 

— — —
36 Dye marker to aid detection of submersible ),.. above ) As above 

— 
1’ 2 

— 
/ 

—
37 C s.ication from distressed swimm. r to subme rsibl, or Rot practical for sear ch scsnar to. — r em— I. scsn.rto moss

unde rwater senior feasible . Mo dificait on of diver c ,  equiDment possib le 2 If
solution

38 Detection of distressed nwimm.r by submersible A. above , distre ss signal plnger a possible solution 1 3 / /

39 C~~~un icati on from distressed surface vessel to n ubasr ,ible Undsr wat.r acoustic sensors , electric field sen.ors
or underw ater sensor ( l imited rang.) , underwater telephone 

— — — — — —
1.0 Detection of distressed sw-face vessel by sub mer sibl. or Und.rwa t er acou.tic sensor. ( S O F A R ( ,  di str ss s pinger , 3 1 2 Ifunderwater .ssrch sensor stat ion magnetic meter (see line 37)

41 Underwater detectio n of sw-fac, distress dye marker Rot pr a ctical l• /

1.2 A,, above As above l,5 2 If

1.3 C~~~~unica tion of distressed diver with submersible , under— Diver communication equipoent can be used (see key num,b er e 
~
,

wate r habitat , or another diver 2. 181 , 198A . 1988 , 239 )

45. Detection of distr..sed diver by subme rsibl. HU gS. resolution sonar , distress pinger and locator gear 2 
— 

2 If 
—. —

45 C~~~unl ca t ion between distressed subm efsib le and search Under water telephone (see key number. 60 , 67. 181, 183) 4~ If
sub,

1.6 Detection of a d istr essed nu bme rsi bl e by a s.w-ch sub , High resolution sonar , magnetometers , distre n s pinger 8 U 3 If 

.7 (line omitted by computer) see below See below 1~ If
5,9 tSst:ctton o f a A y e  marker from a distressed submer sible Not practical 

— 
1e 2 ,~ 

— —

49 Communication from a distressed swimmer via a sensor system Not practical , diver commu nicatio n equipoent would work 1 — — 
51 — —

on the  bottom

50 Detection sf distress ed swimmer by bottom mounted sensor Rot practical , acoustic detection systems togethe r with a 1 2 Ifsyst em distress pin ger would work

51 C~~~~unioa tioa of distressed vesiel via sensor system at Rot pr actical , under wa ter telephone appropriate l~ If
bottom

52 flet.ctton of distreased vessel by bottom—mounted sensor SOFAR signal system , distress pinger 1 2 Ifsystem
5 3 Dye mar ker distrese signal frog sw-face vessel detected by Not pr .ctical 1e If

bottom aensor
55. As above AR Above i’ 2 If

55 COmmunic ation between distressed dtver ant underwater Similar to line 13 5’ If
habitat • searc h submersible or another diver

56 Detection if dist r eesed diver by bottom sensor system , Bottom cr awling vehicle with precision sonar (see key num —
mobile or etationa ry her 111.) or distress pinger and locator .yst em ( hey number 2e 2 If

153)

57 C~~~unic.t ion from distressed submersible via bottom sensor Under water telephone , electric c~~~unic ation system (see 2~ /sy etem 
- key numbers 183, 102)

58 Detection of duetreene st subne r aibl. by bottom sesssr system . Precision sonar anA magnetometer on moving vehicle , distress 
~ 2 ~‘mobile or stationary pinger, 30PA21 and directional acoustic sensor system

59 Dye marker or chemical distres, signal (or submersible , Hey have limited effectivenes, down current from distress 
— —

sensed at bot tom by vehicle or stationa r y sensor sits , chemical agent a~ A sen sors more effective then dye 1

60 Am above 
- 

A, above (see key number, 217 , 226, 227) 3’ 2 1 
=

FIG. 6.2. (Cont.)
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Identified Techno1~gical Needs Relevant to this Mission

(from Fig. 6.2)

Re f .
L ine No. Sensor Requirement

1—2 Further development of radio emergency beacons to

enable signals to be detected or relayed by satellite

to nearest rescue equipment basec Miniatur izat ion
of equipment would permit using the beacon as part

of lifejacket aid package .

3_ 14 As above except the radio beacon package for life-

boats or liferaft s could be larger and thus have
more available output power than that designed for

swimmer use .

6 By matc hing the light spectrum of distress dye
markers and satellite color sensors it should be

possible to improve the effectiveness of satellites

in resolving small color anomalies on the ocean L

surface. Thus a practically sized dye package

could be used to mark a distress site.

7— 8 If a radio emergency beacon is developed which per-
mits signals to be detected or relayed via satellites ,

this unit could be designed to fit into a package

with deployable buoyancy. Thus a diver in distress

could activate the buoyancy bag and pop the radio

package to the surface. A tether would be used to

keep the beacon In pos it ion.

9—10 Present emergency radio beacons , des igned to be sent
up to the surface from a distressed submers ible,
should be .improved to enable the distress signal to

be relayed via a satellite. This would be particu—

larly applicable to larger submersibles which operate

Independently without a “mother” ship.
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Ref .
L i ne N o. Sensor  Re q u i remen t

l3—l~4 The radio emergency beacon for swimmer use , discussed

under lines 1—2 above , should be capable of being

received by aircraft In addition to satellites. This

would facilitate locating the swimmer quickly after

the di stress signal was rece ived .

19—20 The comment above also applies to the distressed

diver radio beacon discussed under lines 7—8 .

23_214 A dye marker could be used as a distress signal from

a submersible to aid aircraft search. The dye in-

jection could be effected by a pop—up capsule which

would release the material upon reaching the surface.

A quasi—cont inuous injection of dye (a series of

capsules) should be used to prevent the mark from
drifting away from the distress location .

25 The swimmer radio beacon discussed under lines 1—2

could also be used to aid surface vessel search if

the searc h vessel were equipped with appropriate
direction finding receivers.

32 The above comment also applies to the diver pop—up

beacon discussed under lines 7—8.

6.1.2 Rescue

Residual Taxonomy

Environment at Sensor : Air , Surface , Underwater

Environment at Object : Surface, Bottom

Sensor Platform : Mobile—controlled

Sensor Object Proximity: Remote

6~~
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Nature of Object : Animate (discrete), Solid (discrete)

Object Information : Communication , System Control ,

Identify Features

• Total number of combinations : 36

• Number of sensors from data base matching one or more

combinations : 32

• Sensors with highest number of matches

Key No. No. of Matches Sensor  Desc r i p t i on  or Sp ec i f i c  Use
911 14 Ocean Photography (from aircraft)

158 14 Forward Looking Infra Red Sensor (FLIR)
614 2 Multispectral Photographic Sensing

108 2 Extra—Low Frequency Submersib le Comm .

1l’4 2 Underwater Optical Imaging

120 2 Infra Red and TV Sensors
1714 2 High—Resolution Scanning Sonar

213 2 Aerial Photography

231 2 Synthetic Aperture Radar

236 2 VHF Automatic Radio Direction Finder

Identified Technological Needs Relevant to the MissIon~

Ref.
Line No. Sensor Requirement

2 Emergency radio rescue beacon for sw immer use (dis-
cussed in lines 1—2 and 13—114 of Search Morphology

Analysis)

*See Appendix A for complete analysis.
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Ref .
L ine No. Sensor Requirement

3 Location of distressed swimmers could be aided by

improving their visual and radar reflectivity.

Methods of doing this should be developed . One

poss ible scheme woul d employ an inflat able radar
reflector which is fluorescent orange in color.
Inflation cou ld be by CO2 cartr idge or by a sea-
water activated gas generator . If a gas such as

hy drogen were used, the ref lector coul d be made
to rise above the water on a tether and thus be

considerably more detectable both visually and by

radar. —

8 Pop—up type of emergency radio beacon for divers

as discussed under Search Analys is, lines 7—8 ,
13—1~4 and 19—20.

10—12 Pop—up emergency radio beacon for submersibles.

Discussed under Search Analys is , lines 9—10

13— 15 A direct ional microphone system woul d be usefu l on
rescue craft for improving the detectability of
shouts or whistle signals from swimmers. This

would also aid iL determining their ,bearing.

19—20 An emergency pinger on a distressed diver and a

direct ional hydrophone on t he rescue vessel woul d
help position the rescue vessel so that a team of

rescue divers could reach the diver in trouble.

The rescue divers could be aided by a powered sled

that was able to home on the distressed diver ’s

pinger . This vehicle would then be used to return

the diver to the surface . Alternatively, a lock-
out rescue submersible could be developed fc~r this

application .
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R e f .
L i ne No.  Sensor  Re q u i remen t
22 Present underwater telephone performance is degraded

by multipath transmission in near—bottom and shallow

water applications . Development of multipath and

reverberation interference reduction techniques

and equipment would provide better communication

systems f or use in underwater rescue applications .

23 An automatically controlled surface—launched sub-

mersible rescue vehicle can home on the location

of a distressed submers ible us ing the emergency
beacon signal (as in lines 19—20).

25—27 In these lines the implied scenario suggests the

use of a submersible to rescue personnel from the

surface. Normally this would not have any advantage

over rescue us ing surface craft ;  however , in severe
weather conditions , if the rescue coul d be accom-
plished without requiring the submersible to surface ,

the risk to personnel would be reduced. Some type

of rescue capsule could be devised which could be

floated up to the vicinity of the surface swimmer.

The swimmer wou ld then enter the capsule and be
winched down to the submersible. An airlock would

permit transfer to the submersible.

It is necessary to prov ide a sensor system for the
sut~mersible which can detect the swimmer in the pres—

cence of wave noise and enable the submersible to

maneuver to the proper locat ion. If the swimmer has
an emergency pinger , this can be done with existing

• “ping—pointer ” receivers . However , if the distressed

swimmer has no rescue assistance devices , his body
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Ref .
L i ne No.  Sensor  R eq u i remen t

presents a very poor target for sonar because of

th€. high background clutter due to the rough sea

surface . Development of spec ialized sonars ,
probably of the doppler type , will be ncessary .

28—30 In this combination a rescue of a surface craft by

a submersible is implied. The comments under lines

2 5— 2 7 ,  above , apply.  Location of the surfac e cra ft
by the submersible would not be as difficult in this

case since , presumab ly ,  the underwater portion of
the surface craft ’s hul l woul d present a better
sonar target . However , an inflat ab le life raft
would be a difficult target .

311 If the bottom terrain around a distressed submersible

is quite rough , ELF EM radiation may provide a better

communication/location signal than underwater sound .

This radiation would be aided by the proximity to the

bottom and would not be scattered and attenua ted by
the rough bottom terrain .

6.2 Oil Spill Detection and Classification

The proce dure fol lowed was similar to that use d for sear ch
and rescue .

6.2.1 Oil spill detection

Res idual Tax onomy

Environment at Sensor : Space , Air

Environment at Object : Surface
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Sensor Platform : Mobile , controlled

Sensor—Object Proximity: Remote

Nature of the Object : Liquid , Film

Object St imulus Interact ion: St imulat ed Emission ,
Spontaneous Emission , Re±’lection , Scattering ,
Absorpt ion

Object Informat ion: Det ect Presence , Identify Features ,
2—D Surface Image

Total number of combinations : 60

Number of Sensors from Data Base Mat ching One or More
Combinat ions : 38

. Sensors with highest number of matches

Key No. No. of Matches Sensor Descriptor or Specific Use
160 18 Multispectral Scanner (Satellite)

90D 12 Side—looking Radar (Aircraft)

118 6 ERTS—l Sat ellite Sensor System
90A 6 IR and UV Line Scanner (Aircraft )
90B 6 Low-Light TV (Aircraft)

90C 6 Microwave Imager (Aircraft)

213 6 Aer ial Photography

• Identified Technological Needs Relevant to this Mission :*

a. Systems to collect spatial imagery at various wave-

lengths have been developed. Synthetic Aperture 1~tadar (SAR )

sys’tems are being driven by other needs but can be adapted to this

mission .

*See Appendix A for complete analysis.

69

—5.  —-5 — -  —S--~~~~ ~~~~~~~~~ -~~~s -~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



___________ - - - .  - -- 
~~-~~—— - .~~~~~~~~~~ ~~~~~~~~~~~~~~~ - ..~~~~~

b. Choice of optical wavelength/radar frequency to optimize

oil detection needs to be investigated.

c. Data reduc tion proc edures nee d to be developed to allow
more immediate access to the information of interest. (Present

techniques tend to require several day s to several weeks . Oil

spill detection needed in less than a day from data collection.)

6.2.2 Oil spill classification

Residual Taxonomy

Environment at Sensor : Air , Surface , Underwater

Environment at Object : Surface , Underwater , Bottom

Object—Stimulus Interaction : Stimulated Emission ,

Spontaneous Emission , Reflect ion , Re fract ion ,
Scatter ing , Absorption

Object Information : Measure Properties

. Total Num ber of Comb inat ions : 514

Total Number of Sensors from Data Base Matching One or More

Combinat ions : 99

Sensors with highest number of matches

Key No. No. of Matches Sensor Descriptor or Specific Use

230 6 Multispectral Scanner (Aircraft)

18o II Laser Backscatter

2 0-4 14 Gas Chromat ograph
2~ -’ 3 Xray Fluorescence



- ____ - - -

Identified Technological Needs Relevant to this Mission

a. Development of an integrated , mul tisensor system to
provide all the classification information needed to deal with

the spill.

b. Technique for collecting samples by the airborne plat-

form (presumably a CG patrol aircraft).

6.3 Offshore Law Enforcement

A single residual morphology was developed for this activity.

This morphology is directed at missions concerning 200—mile fish-
ing zone enforcement , monitoring of underwater mining activity,
detection of clandestine boat landings and detection of illegal

submersible operations . It is quite possible that submersibles

will be increasingly employed in illegal activities involving

materials of high economic value . For example , if shellfish

prices continue to increase , it may be econo-dcally feasible to

harvest them clandestinely by submersible. Presumably the sub—

mersibles could be tended by a factory ship lying just outside
the 200—mile boundary .

Sensor technology for use in detecting and apprehending drug

smugglers was not directly included in this study since it is

primarily an in—air sensor application . Hence a taxonomy for

this activity was not developed. A future augmentation of the

data base could include more of the appropriate sensor technology
if desired.

TMSee Appendix A for complete analysis.
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6.3.1 Offshore law enforceme nt

Residual Taxonomy

— Environment at Sensor : Air , Surface , Underwater , Bot tom

Environment at Object : Surface , Underwa ter

Sensor—Object Proximity: Remote

Nature of Object : Solid

Object—Stimulus Interaction : Spontaneous Emission ,

Reflection , Field Perturbation

Object Information : Detect Presence , Identif y Feature s

Total Number of Combinations : 148

Num ber of Sensors from Data Base Matching One or Mor e
Combinations: 62

Sensors with highest number of matches :

Key N o .  No. of Matches Sensor Description or Specific Use
212 13 Magnetic Anomaly Detection

132 5(corr) Infra—Red Detection

272 5 Acoustic Detection System for Buoy

Applicat ion

237 5 Submersible Flasher Beacon

64 4 Remote Oceanographic Sensing
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Key No.  No.  of Ma tches  Senso r  D e s c r i p t i o n  or S p e c i f i c  Use

94 14 Ocean Photography

120 14 Infra—Red TV

158 14 Forward Looking Infra-Red Detector

(FLIR )

215 14 Magnet ic Anomaly Detector , Underwater

275 14 Moored Underwater Surveillance System

252 4 Ferrous Material Intrusion Detector

• Identified Technological Needs Relevant to this Mission

Re f .
L ine No. Sensor Requirement

LI Further development of high resolution synthetic

aperture ra dar for surface ship surve illance - 
-

12 Develop technology for a 2—D image of the earth’s

magnetic field strength to detect a moving anomaly

representing a submersible among natural anomalies

of comparab le or greater strength .

17 Development of over the horizon , low—frequency

radars using either backward or forward scattering

(bistatic) to detect ships at considerable distance

from a remote (probably land—based) site.

41 Develop a system using bottom—laid (or buried)

cables to produce a magnetic barrier—type detec-

t ion system to detect clandest ine boat operat ions
along remote shorelines.

*See Appendix A for complete analysis.
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Ref.
L i ne No.  Sensor  R eq u i remen t

142 As above plus use of pulsed field to determine

the size of detected target .

147, 48 As in lines ,LI1 , 112 except for application in
deeper water and harbor entrances against sub—
mersible.

6.4  Ice  O pera ti ons

Two residual taxonomies for Ice measurements and ice—

breaking were developed to provide specific focal areas for
the sensor t echnology anal ysis.

6.4.1 Ice measurement and mapping

Mission De8cript ion

Determine ice coverage , type , and thickness to yield

synoptic maps on different scales. (1) Global scale , encom-
pass ing ent ire extent of Coast Guar d responsibilit y ,  to provide
strategic summary of ice conditions and their evolution in time;

(2) Major water—system scale , such as Great Lakes or Northwest

Passage to permit coordinated planning of ice—breaking opera-

tions; (3) Intermediate sca1~e, such as critical areas along

nav igable waterways , to insure eonditions are known and areas
kept open during navigable seasons ; (4) Small scale , in vicinity

of individual icebreakers (covered more explicitly under

Helicopter—Aided Icebreaking) or arctic installations (oil

platforms)

714   
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Residual Taxonomy and Sensor Descriptors

Stimulus Used: H.?. Sound , Magnetic Field , Light ,
Microwaves

Environment at Sensor : Space , Air , Surface, Underwater

Environment at Object: Surface

Nature of Object Sensed: Solid (discrete)

Object Information : Detect presence , identify features ,

measure properties , 2—D surface

image

• Total Number of Combinations : 64

• Total Number of sensors from data base matching one or more

combinations : 29

• Sensors with highest number of matches:

Key No. No. of Matches Sensor  D e s c r i p t i o n  or Spec i f i c  Use
132 6 (cor r .)  Infra Red Detectors (photocon duct ive)
133 6 (corr.) Infra Red Detectors (pyroelectric)

158 6 Forward looking I? sensors — low light

level

212* (6 ) t Magnetometer — anomaly detection

231 6 (3) Synthetic aperture radar — ship search

2115 6 Synthetic aperture radar — global search

911 14 Improved photographic films for oceanic

use
614 3 Multispectral photographic sensing

*Not relevant to this mission.
tNumbers in parentheses are the irrelevant matches.
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Key No. No. of Matches Sensor Description or Specific Use
120 3 EvaluatIon of IR and TV sensors

213 3 Aer ial photographic system
2114 3 High resolution radar

219 (3) Magnetic field measurement (super—

con duct ing )
229 3 X—L band synthetic aperture radar

237 (3) Submersible flasher beacon

R e f .  

Technological Nee ds Relevant to this Mission *

L i ne N o .  Sensor R e q u i r e m e n t

Navigable Narrows

1—4 Active sonar array permanently installed at narrows

in important navigable passages maps ice coverage ,
synoptically . Information , including 2—dimensional

map , relayed by microwave to central processing
station for that geographic region either directly

F 13 or via satellite. The array could be supplemented

by passive components measuring ambient noise due

to the ice. Different ambient noise spectral shapes

and/or levels may be corre lated with the ty pe of
ice.

141—43 Above water installation at the same narrows of

57—5 8 scanning IR , laser, or microwave systems monitors
above—water ice shapes, notes occurrence of Ice-
bergs . Processed information forwarded by same

data link as for sonar.

~See Appendix A for detailed analysis .
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Ref .
L i ne No. Sensor Requ i remen t

Ice Stations (e.g., research installations , oil p latforms)

10—il Surface vehicle (e.g., snowmobile) makes detailed

survey of ice thickness acoustically prior to

establishing an ice station or surveys area around

an ice—bound oil platform to determine best path

for approaching or departing vessel. Acoustic

data supplemented with detailed visual observation

of ice type . Vehicle ’s position monitored and

possibly controlled via radio link to the station .

41—43 Scanning IR system provides continuous readout

of local ice conditions (ty pe, coverage) .

“Global” Survey

Satellite—mounted detectors determine Ice presence and

coverage with sufficient data rate to permit map gener-

ation at ground installation . Rapid data processing

for ice movement coverage . Microwave data transfer .

Sensor systems appropriate for consideration In

33—36 such a configuration include optical devices using

49-52 high resolution lenses and scanning Infrared systems

which can determine ice thickness. Radar can be

used for somewhat coarser mapping. Much of the

system exists and only requires specific implemen-

tation .

Major-water System Surveys

Much of the information needed for major water

systems can be generated from a “global” system
such as mentioned above . Details can be supple-

mented with aerial surveys. Aerial photography
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Ref.
L ine No. Sensor Requirement

37—40 can provide detail on Ice occurrence , coverage and
type. Infrared detectors and photography can be

used during days where cloud cover prevents normal

photographic methods . IR devices which can scan

bot h spat ially and spectrally increase the proba-
bility of identifying Ice type on such poor visibility

53—56 days . Microwave emission from ice can be used to

yield maps of Ice coverage when visibility is poor ,

and radar can be used to measure ice thickness.

21—24 Eddy current losses also provide a means to deter-

mine thickness.

Understanding Ice-Breaking Dy namics

Furtherance of such understanding might enhance
ice—breaking efficiency. An important aspect is

a knowledge of the range of underwater contours

one might encounter . Such maps and three—dimensional

displays could be generated from data gathered by
16 submarine—mounted sensor systems Including high-

45—48 frequency acoustic , and photographic types.

6 . 4 . 2  H e l i c o p t e r - a i d e d  ice break ing *

Mission Description

Determine local ice type and thickness so best ice breaking

path can be selected. Helicopter , based on icebreaker , avail-
able to assist in this local survey. Task could occur on two

scales: (1) individual icebreaker clearing a single path; (2)

group of icebreakers working together to clear a larger region .

~This mission was also considered to include other remote instru-
ment platforms such as tethered balloons and remote—control
vehicles.
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Residual Taxonomy and Sensor Descriptors

Stimulus Used: H.F. Sound , magnetic field , light ,

microwaves

Environment at Sensor: Air , surface , underwater

Environment at Object: Surface , underwater

Sensor platform : Mobile controlled

Nature of Object Sensed: Solid (discrete)

Object Information : Detect presence , measure
properties, 2-D surface image

Total Number of Comb inations : 72

• Total Number of sensors from data base matching one or more

combinatIons: 47

• Sensors with highest number of matches:

Key No. No. of Matches Sensor  D e s c r i p t i o n  or S p e c i f i c  Use
212 (12)* Magnetic anomaly detect or
219 (6)* Magnetic field measurement — super—

conduct lye

611 ( L )  Mult ispectral photographic sens ing
94 (4) Improved photographic films for oceanic

use
158 (14)* Forward—looking IR sensors — low light

levels
215 11 Magnetic anomaly detector

230 14 Multispectral scanner for earth resources

231 4 Synt hetIc aperture radar — ship sear ch
91 2 FM radar to measure Ice thickness

92 2 Ice Identification System
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Key No. No. of Matches Sensor Description or Specific Use
101 2 Obstacle avoidance sonar

120 2 Evaluation of IR and TV sensors

142 2 Low—frequency scanning sonar

152 2 Scanning sonar for submerslbles

1714 2 Underwater location and navigation —

acoust ic
175A (2) Well reentry sonar and TV

202 2 IR determination of ice thickness;

Imagery
213 (2)t Aerial camera
214 2 High resolution radar

220 2 Electromagnetic ice profiler

229 2 Synthetic aperture radar for sea Ice

and icebergs
238 (2-)t Range—gated photographic system

241 2 Underwater TV transmission

2145 2 Synthetic aperture radar — global search

267 2 IR detection of surface

273 2 Underwater laser radar

*Various magnetic ano~maly detectors were selected when “magnet ic ”
force f ield was chosen for t he template to y’ield the eddy—current
device. Such magnetic detectors are felt to be irrelevant .

tPhotographic systems deemed inappropriate for quick—response
ice—breaking operations.
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Identified Technological Needs Relevant to this Mission*

R e f .
Line No. Sensor  Requirement

Icebreaker alone

Ice presence and above-water shape determined from

1 4 3 ,  115 ice breaker us ing radar or alternative ly infrare d

61, 63 scanners. These are particularly re levant in low
visibility or at night . Detection acoustically of

underwater shape and depth of ice from the vessel

should be actively considered , although there are

significant problems in implementation ; a bow—

mounted sonar is probably impractical and a

variable—depth sonar lowered on a cable may be

unacceptable.

Helicopter Assisting Icebreaker

The helicopter can be used to assist in far more

extensive ways than just visual observations radio--

relayed to the vessel. Airborne acoustic signals

1, 3 from t he helicopter  could determine ice presence

~4—6 in low visibility and active sonar lowered by cable

from the helicopter through open patches of water

could examine underwater portions of the ice . Ice

thickness could be determined using the eddy—

19, 20 current device mounted on the helicopter.

37—39 Infrared scanners on the hel icopter can not only
determine Ice presence and shape but actua l ice
thickness. They probably have much finer spatial

resolution than the magnetic device .

55— 57 Finally radar can be used to determine Ice presence

and thickness , giving local maps. Passive devices

*See Appendix A for complete analysis.
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Ref.
Line No. Sensor Requirement

responsive to microwave emission can determine

presence.

There Is obviously an overlap in function in these

devices so that not all are needed. Presumably

the choice might be made based on consideration of

the helicopter ’s total mission. Other helicor ter

uses are found below .

Surface Vehicle and Helicopter Assisting Icebreaker

A small , unmanned surface vehicle could precede

the icebreaker , guided by the helicopter , when

ice cover permitted such travel. It could be

outfitted with a variety of sensors such as low—

8 light—level TV camera , IR scanners , and acoustic
probe to force against the ice for ultrasonic

thickness determination . A radio link to the
- 

- 
vessel and helicopter would provide control and

data relaying. The vehicle would be launched and

recovered from the helicopter.

Such a system would be less complicated than the

underwater vehicle described below , but also less

versatile since it would be limited to those ice

conditions where the vehicle could actually propel

itself -over the ice.

Underwater Vehicle and Helicopter Assisting Icebreaker

An unmanned underwater vehicle , preferably un—
tethered , precedes the icebreaker and is controlled

by 1t. The icebreaker vectors both the under—

water craft and the helicopter , often to the same

82
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Re f.
L i n e N o .  Sensor Requirement

point , so that a control center on the icebreaker

receives a simultaneous picture of below—and above—

water ice conditions .

The helicopter could be outfitted with some of the

airborne devices discussed above .

52 , 514 The submerged craf t cou ld hav e underwater TV and
16—18 laser radar ; also various sonar devices including

side-scan for mapping and upward-looking sonar for

delineating underwater contours and thickness.

62 Deployable , expendable sensors could also be used

to measure ice parameters at some distance from an

icebreaker. These could be similar to sonobuoys

in configuration and be launched ejther from a

helicopter or by a rocket from an icebreaker.

Balloon-Platform Assisting Icebreakers

A helicopter could be either replaced or supplemented

in poor flying conditions by a balloon tethered to

the vessel and containing a platform on which an

1,3 , 19, 20 instrumental suite is mounted. This could contain

37—39,55—57 an appropriate mix of acoustic , magnetic , light ,

and microwave sensing devices.
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6.5 Port Safety and Security

The sensor morphology analysis was directed primarily at

detecting water based sabotage and terrorist activity since

other missions in this area would imply primarily in-air sensing

requirements.

6.5.1 Port Anti -Sabotage and Terrorism

• Residual Taxonomy of Sensor Systems

Funct ion: Detect ion , Surveillance

Environment at Object: Surface, Un derwater , Bottom ,
Sub—bottom

Nature of Object: Animat e ( discrete) ,  Sol id ( discrete)

Object Informat ion: Detect Presence , Identify Feat ures,
2.-D Image

• Total number of combinations : 48

• Number of sensors from data base matching one or more

combinations : lO~4

• Sensors with highest number of matches : (12 for each)

Key No. Sensor Specifi c Use
64 Remote photographic sensing

101 Diver vehicle sonar
120 Infra red and TV sensor systems
152 Navigation sonar for submersibles

158 Low light level sensor (FLIR)

174 High resolution scanning sonar

231 Synthetic aperture radar

266 High definition swimmer detection sonar
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• Ident if ied Technologica l Nee ds Re levant to Miss ion s

Ref.
Line No. Sensor Requirement

8 Further deve lopment of swimmer detect ion sonar is
required. Bistatic (shadow—detecting) sonar seems

particularly promising . Refinement of doppler—

type sonar is necessary to improve detection range

and minimize false alarms .

l’4 Above comments apply . In addition , special trans-

ducer design and placement is required for detect-

ing swimmers near the bottom . Minimizing false

alarms from bottom fish is necessary .

32—33 A concept similar to that used for acoustic fish

counters is at tractive for use as an installed
swimmer (and submersible) detector fence at

harbor entrances or pier—heads . In this applica—

t ion active , upward directed sonar transducers
are placed along the bottom in a row so that
their beam patterns overlap .

• 37 Same application as in lines 32—33 . In this case

the acoustic transducers may have to be shallowly

buried to escape detection by bottom swimmers .

40 Electrical cables may be placed along the bottom

to form magnetic detection loops for conductive

objects passing near them . They can be oriented

to form barr iers acro ss harbor entran ces and
channels .

‘See Appendix A for detailed analysis .
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6.6  AIds to Navigation

Because of the nature of the data base , the morphological

ana lysis was orient ed towar d underwa ter sensors f or nav igat iona l
assistance .

6.6.1 Aids to Navigation

• Residual Taxonomy

Stimulus Used: H.F. Sound, Magnetic Field , Radio Waves

Environment at Sensor: Surface, Un derwa ter
Environment at Object: Surface, Un derwa ter , Bottom
Sensor Platform : Mobile Controlled

Sensor—Object Proximity : Remote

Nature of Object: Solid (discrete)

Object—Stimulus Interaction: Cooperative emission ,

Stimulated emission , Spon-
taneous emission , Reflection

• Total number of combinations possible: 72

• Total number matching sensors identified: 32

• Sensors with highest number of matches :

Key No. No. of Matches Sensor Descriptor or Specific Use
212 6 Magnet ic Anomal y Detec tor
175 A 4 Combined Sonar/TV for Well Re—ent ry

140 2 Doppler Speed Log

142 2 Scanning Sonar and Recorder

152 2 Scanning Sonar for Submersibles

153 2 Dual Frequency Transponder

173 2 Doppler Speed and Distance Log
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Key No. No. of Matches Sensor Descriptor or Specifi c Use

174 2 High Resolution Scanning Sonar

177 2 Solid State Compass

208 2 Radiated Noise Measurement System

215 2 Magnetic Anomaly Detector

277 2 Acoustic Transponder

• Identified Technological Needs Relevant to Mission’
Ref.

Line No. Comments on Recommended Deve ’opments
21 Bottom—mounted acoustic navaids such as bea-

cons or transponders would be useful in

areas where seasonal ice cover creates

problems with buoy—mounted surface aids.

They would also be useful in relocating the

correct position for a surface navaid anchor

after the aid had been lost or moved due to

Ice or storm action.

24 The above comment applies . In this case

passive reflector’s would be used to serve

as the underwater markers . These could be

des igned to prov ide an ef fectively large
reflect ive cross sect ion at the interrogation
or search sonar fr equenc y .

69 ELF EM waves may be useful for a submersible

navaid system in rough bottom terrain areas

where acoustic systems are not effective .

The range achieved would depend on the di-

electric properties of the bottom material.

The frequenc ies employed must be high
enough to provide the required phase reso—

lution of the received signal for the posi—

tion accuracy needed.

‘See Appendix A for detailed analysis.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Comments and Recommendations Concerning the Sensor Data Base

The computer data file and the operating search programs~
have been supplied to the Coast Guard . A continuing program of

data base updating is recommended to insure that new sensor

information is made available for analysis. The morphological

analyses explored in the course of this project , have , of
necess it y , had to be quite general . The technique is even more

appropriate to specific sensor requirements, because the de-

scriptor fields are smaller and the process of deriving a

residual taxonomy can be eliminated.

In the course of the morphological analysis , descriptor

changes were found to be needed for some of the sensors . A

detailed review of the data base is thus recommended to insure

that any subsequent analyses will pick up a minimum of non—

relevant matches .

A major advantage of a taxonometric data catalog is that it

is not as sensitive to specific word selection as is a strictly

key word type of catalog. The field descriptors of the taxonomy

are chosen to be generally descriptive concepts rather than

specific key words . Thus when a data entry is cataloged , it is

only necessary that the correct general descriptors be chosen.

• This is a much easier task than picking the right set of key

words .

Specific sensor information is recovered from the taxono—

metrically organized data base by searching with a set of des—

• criptors in mutually independent fields rather than by

~Instructions for operating the programs are included in
Appendix B.
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searching with the correct key-word . However, In setting up
the taxonomy , cataloging the data, and then searching for
specific Information , It is important to eliminate or minimize

the problem of circularity. This may result If the same person

performs all three tasks. He is able to find the correct in—

formation because he knows how he put It in and what to ask

for, but someone else may not have the same set of concepts
about the desired infromation and hence not get the proper
output from his search. Ideally , the taxonomy should be

organized by a panel of experts and the data should be cata-

loged by a panel of experts so that the descriptor fields are
known to have the same general meaning to most of the user

population .

7.2 Summary of Sensor Development Recommendations

Sensor systems which seem particularly Interesting for
specific Coast Guard applications , as determined by the
morphological analysis procedure , are summarized below under
the operational activity heading . Appropriate further action

on any of these sensor systems and system concepts is to be

decided by the Coast Guard after consideration of program
priorities and technical development costs.

Search and Reecue

The growth in satellite—communication technology which
will occur when space—shuttle operations commence should be

utilized to provide world—wide coverage of emergency beacon

transmission . Electronic miniaturization procedures will

permit emergency radio beacons to be carried as standard life—
jacket equipment . Pop—up emergency beacons with deployable

floatation should be developed for submersible and diver use.
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The improved resolution available In search radar3 should

be utilized by providing better radar visibility for llferafts

and distressed personnel In the water. Deployable aluminized
radar reflectors, In fluorescent colors, inflated with helium
or hydrogen, may be one way of improving rescue probability.

Increased use should be made of electronic optical aids

such as low—light level and IR imaging devices. Specialized

sensors for the color spectra of dyes would enable more effec-

tive use of dye patches as search aids.

The technology involved in rescuing survivors on the surface

by using a submersible should be investigated. Development of

a rescue capsule which could be brought down to an airlock—

equipped submersible would minimize the hazards of rescue

operations In high sea states.

Oil Spill Detection and Claeeification

The imaging capabilities of satellites in the optical and

microwave bands useful for oil—spill detection are being Improved ,

• however the data—rates required for resolution of small spills

make satellite detection impractical unless on—board processing

is used . If ground—based processing is used , a near real—time

processing speed is needed to provide timely input to classi-

fication and clean—up teams . Present processing of satellite

and aircraft imagery requires days to weeks .

Synthetic aperture radar systems , presently being developed
for other missions can be adapted to oil—spill detection . The

proper choice of radar wavelength and optical wavelengths for

airborne detectors should be investigated.
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Classification of oil spills generally is carried out by

special missions to the site after a detec tion by a routine
surveillance mission has occurred . If a means of classifying

a spill were provided to the surveillance aircraft , the second ,

special mission would be avoided. A technique for collecting

samples by a patrol aircraft could be developed. Alternatively,

an integrated multisensor system could be operated from a patrol

helicopter or airship. An airship would have the advantage of

long range and high carrying capacity for on—board analysis

equipment .

Off8hore Law Enforcement

Satellite imagery having sufficient resolution to detect

and track all offshore shipping would require data rates which

are impractically high for present telemetry and processing

equipment . If ships were provided with an onboard ID beacon ,

this would greatly reduce the information processing required

to track their location . However , a cooperative target is thus

required , which is usually not the case with illegal ship acti-

vities. Thus, detection and tracking of potential illegal ship

movements will continue to be done by land and aircraft radar

systems .

Synthetic aperture radar imagery should be developed further

for high altitude aircraft surveillance of important ocean areas

for surface ship activity. Submersible activity surveillance is

not as eas ily performed , but special processing of magnetometer
data may be devised to provide Imagery of a moving anomaly pro-

duced by a submersible , against the stationary terrain—related

anomaly background . The effective range of present magnetometer
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systems is limited so that aircraft surveillance of an extensive

area is not feasible. Magnetic cable “barriers” to detect sub—

mersibles and surface vessels may be more practical at harbor

entrances or shorefronts where illegal landIngs may occur .

Passive underwater detection of surface vessel or submersible

activity is feas ible at operationally use~X’ul ran~es if the target
has a unique acoustic signature which is distinguishable from the

ambient background caused by other shipping or by wave action .

Ice Operation8

Sensor technology relating to ice measurement and mapping

and to helicopter—aided icebreaker operations was analyzed.

Local underwater acoustic or optical sensors could monitor ice

conditions in commercially important remote narrows and other

navigable passages. Data relay via satellite would provide

timely warning of impending passage closure . The imaging radar

which will be available on SEASAT—A will provide data on general

• ice coverage and ice movement In more open water. Available tech-

niques using radar, IR and electromagnetic pulses for remote mea
surement of ice thickness and composition need further development

to improve accuracy and resolution.

Since it Is generally not feasible to mount a conventional

sonar on an icebreaker., some other means of providing underwater

sensing of Ice conditions ahead of the ship is needed . Improve—

ment of remote ice—sounding sensors would make helicopters more

effective for this purpose. The development of a remotely—

contro lled vehicle should be cons idered for either surface or
underwater operation . The vehicle would carry ice measurement
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sensors and nav igat ion equ ipment.  Sensors on the vehicle would
transmit both data and position information back to the ship by

direct cable or by acoustic telemetry . This vehicle could thus

be used either alone or in conjunction with the helicopter to

map the ice field ahead of the ship .

The helicopter itself might be replac.ed with a tethered

balloon or other non—manned air platform to carry a range of

instruments.

Port Safety and Security

The analysis was direc ted primarily at the aspects of port
security relating to water based sabotage and terrorist activity.

Detection of swimmers is a difficult sensing task. For

un derwater swimmers , high frequency doppler-shift sensing sonar
is required to distinguish moving targets from the reverberation

and stationary target background . Bistatic , shadow—detecting,

sonars should be developed for this task . For surface swimmers

at night , low light level and infra-red scanning sensors (FLIR)

are applicable at short ranges. For longer ranges, high—resolution

radar has been found to work under low sea-state conditions . For

detectiiig bottom swimmers, an upward—looking barrier type of sonar

system similar to acoustic fish counters can be developed . These

could be placed across pier heads and other areas to be .protected.

Small submersibles may be used for clandestine activities .

• Sufficient electrically conductive material is usually contained

in the vehicle to permit detection by pulsed—magnetic field

sensors. This system can consist of long loops of electrical
cable oriented to provide a barrier system. Alternatively , fixed

or steerable bottom scanning sonars may be used .
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Underwater Aids to Navigation

The analysis In this activity was directed at areas and

circumstances where underw-ter navaids would provide unique

capabilities not available from standard surface equipment .

Polar commerc ial channels where ice cover makes buoy and

day—mark installation difficult could benefit from installation

of an underwater acoustic beacon system.. This system could be

used by a relatively simple direction finding receiver installa-

tion, eit her tem porar y or permanent , on the user vessels. In

the advent of commerc ial cargo submers ibles , the un derwater
acoust ic beacons would be the most appropriate nava id .

Underwater acoust ic markers either transponders , or pas-
sive reflec tors — , would provide a readily observable reference

marker for buoy anchor location . When buoys were moved off

stat ions by ice or storms the exact position coul d be refoun d

by scanning sonar or by a pointer—locator system, once the general
area had been located by conventional surface navigation .
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APPENDIX A — RESIDUAL PROGRAM OUTPUT AND MORPHOLOGICAL ANALYSIS
RESULTS

Contents — Sensor System Residual Taxonomy Analysis

Rescue (Search included in Section 6)

Oil Spill Detection

Oil Spill Classification

Of f s hore Law Enforcement
Ice Measurement and Mapping
Ice Brea king
Port Anti—Sabotage and Terrorism

Aids to Navigation

This appendix contains the output of the RESIDUAL program

which was run for each of the above taxonomies. This program

performs a search of the sensor data base for each mor phological
combination permitted by the residual sensor descriptors. The

sensors which match each descriptor combinat ion are identified

by their key number which is printed to the right of the line

specifying the morphology .

An analysis was made of each morphology and summarized on

the data sheets accompany ing the program outpu t .  The line numbers
of the analysis corresponds to the line number of t he morphological
combination on the computer output. A complete explanation of

the format is given in Figs. 6.1 and 6.2 of Section 6.

A—].
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A P P E N D I X  B — I N S T R U C T I O N S  FOR TEMPLATE AND R E S I D UAL PROGRAM S
AND SUMMARY OF SENSOR SYSTEM DATA BASE

Section 1 of this appendix contains a set of instructions

for the TEMPLATE and RESIDUAL programs used to search the sensor
data base developed in this study . An annotated listing of these

programs , written In Wang Basic , has been supplied separately.
A “Diskette” with the programs and a complete short—form sensor

list has also been supplied for use with the Wang Model 2200

Computer Systems installed in Coast Guard facilities.

Section 2 consists of a complete short form list of all

the sensor systems in the data base . Each sensor entry contains

the key number , the t itle or system descr iption, and Its spec if ic
use. For a more complete descr iption of a spec ific system,

please refer to Appendix C (Unclassified Sensor Systems) or

Appendix D (Classified Sensor Systems). These appendices are

separately bound .

B.1 Instruct ion for “ TEMPLA TE ”  an d “ R E S I D UAL ” Programs  for
I, Sen so r  In forma ti on Sea rch

The program to sort through sensor data is stored on a

floppy disk. The program name is TEMPLATE. The following

description explains how to load and run the program. A dis-

cussion of the conventions used is included.

‘ - I l l’- ,-’ I , _~~~~~~~1__~~~~~~~~~ ~~~~~~~~~~~~ 
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G E T T I N G  ON THE COMPUTER

First turn on the computer. Make sure the floppy disk
unit and the printer also are turned on. The screen should show

R EADY

Place the floppy disk containing the program into the floppy
disk drive marked BlO (the second from the left )  and shut the
door. Be careful that the 4-UP on the diskette actually does
point up.

Now type: - ‘

:LOA D DC R “ T E M P L A T E ”  (return)

at the keyboard . The GOTHIC letters indicate user type—in and
(return) means the return key. The program now will be read

in from the floppy disk. A colon will appear when It has
finished loading .

CONVENTIONS

Let’s pause to cover the conventions used In this program .
In general a question may be answered with an appropriate name
or value or with one of the following: HELP , EXIT , X X X , DONE ,
or NONE.

HELP

Typing HELP will cause the computer to print out the
possible options in response to the question . The program
then repeats the question.

B— 2
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C E X I T

Typing EXIT causes the computer to assume that the user

wishes to abort from the present leve l of the program to a
higher level . At the highest level , it causes the program to

finish. All values within the program remain at their last

values.

It Is possible to stop the program at any time by pressing

the HALT/STEP key. Values which have been Input are still in

the machine and the program may be continued by pressing the

CONTINUE key.

XXX

XXX may be used by itself or at the end of a type—in if the

user feels he wants to repeat the question. The program ignores

what has been typed in and tries again.

DONE

DONE is typed when the user has finished with the present
level of the program and he wants to go on to the next level.

NONE

Typing NONE re—Initializes the present level of the program .

RUN PROCEDURE

A blank template form is included on the following page for

use in entering information for specific searches.

The program Is starte d by typing

:RUN (return)
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It will now ask the user several set—up questions.

Output Destination

All output from the program appears on the CRT . If printer

ou tput also Is desired, answer th is quest ion with P.

Output Format

There are two choices , long or short . Long form gives all

stored information about each sensor . The short form gives the

key num ber , the specific use and the sensor title only.

Search Type

Searches may be performed in “regular ” or “or ” mode. In
“regular ” mode each item in the template must be matched by the
record before it’ Is printed. In “or ” mode , any matc h In a
category makes the record acceptable .

Ski pping Records

The entire data base need not be searched . The records to

be covered are specified by saying ALL or by giving the first

and last to be searched . (The numbers given refer to position

in the data base and not to key numbers.)

Making the Template

When the set—up is finished the user is ready to build a

template of the items he wants to match . The number of opt ions
on the highest level is limited because not all possibilities

were put Into the program . It is possible to include sensor,

environment , object and key , but all other descriptors are ignored

in the template. As an example , let’s construct a temp late which
will Include the following :

( SEE E X A M P L E  T E M P L A T E )
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Navigation under Sensor function , Underwater for sen~or and
object under Env ironment, and Spontaneous Emiss ion under Objec t
Stimulus Interaction. The interaction with the computer would

look like this:

I

’ DESCRIPTOR: 5 (return)

SENSOR: 1 (return )

FUNCTION: 1 (return )

FUNCTION: DONE (retur n )

SENSOR: DONE (return )

DESCRIPTOR: 7 (return )

OBJECT: 2 (returnj

OBJECT-STIMULU S INTERACTION: HELP (return )

1. A C T I V E  O B J E C T
2. PASSIVE OBJECT

OB JECT - ST iMULUS iNTERACTION: I (return)

ACTIVE OBJECT: 3 (return)

ACTIVE OBJECT: DONE (retu ~~)
OBJECT-STIMULUS INTERACTION: DONE (retu rn )

OBJECT: DONE (retu’rn)

DESCRIPTOR: 6 (return)

E N V I R O N M E N T :  1 (return )

DESCRIPTOR AT SENSO R: 4 (return)

DESCRIPTOR AT SENSOR: DONE (return l -

‘

E N V I R O N M E N T :  DON E (return )
‘0

DESCRIPTOR : DONE (return )

Then program will now print the resultant template on the CRT

(and the printer , if requested):

B- 7



S E A R C H  O V E R  THE F O L L O W I N G

---SENSOR DESCRIPTORS---

5.1 F U N C T I O N
N A V I G A T I O N

---ENVI RONMENT DESCRIPTORS---

6.1 AT S E N S O R
U N D E R W A T E R

-—-OBJECT DESCRIPTO RS ---

7.2 OBJECT-STIMULUS INTERACTION

S P O N T A N E O U S  E M I S S I O N
OK (V OR N) ? N (return)

DESCRIPTOR: 6 (return)

ENVIRONMENT: 2 (return)

DESCRIPTOR AT OBJECT: 4 (return)

DESCRIPTOR AT OBJECT: DONE (returnj

ENVIRONMENT: DONE (returni

DESCRIPTOR: DONE (return )

The program will now print out the template with all four

of our requested itemS. As soon as a “Y” answer Is given to

the OK question the search will begin .

To get a specific record , type:

DESCRIPTOR? KE4I (Return)

KEY NUMBER ? 260 (Return)
- - : DESCRIPTOR? DONE (Return)

‘0

- - ~~~~~~ ~~~I ~~~ , ,~ , ,.4 I 0 .  —0



This procedure will search the data and print when it gets to the

record with key Number 260. It does not stop , but will continue

through the data base to the end .

To get a print—out of all the data ,

DESCRIPTOR? NONE (Return)

D E S C R I P T O R ?  DONE ( R e t u r n )

The program has no entrIes in the template and therefore

all records in the data base are acceptable. All records In the

data base will appear on the CRT (and the printer) In long or

short form as was initially specified .

‘0
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B .2 Short Form Sensor List

Example Li s t i n g

Program Output Refe rence Line Number *

J Computer File Number
I I Sensor Key Number in Data Base

E.E C E.~ ). K~~ Y TB £f . SEUh ~fl M~ AF.t ’RFMFNT
NRL/UERD H~~1~S HY OP.’-’.OpjF

1
Sensor System Title Specific Use

*NOTE : In this consecutive listing of the data base the
pro gram outpu t reference line number is the same as
the file number since the files are searched In con-
secut ive order. This is not true when a spec ific
template search is made .

The sensor key number Is used to cross—reference
the taxonomy information for a particular sensor with
the corresponding abstract or specification informa—
mation contained In Appendices C and D. Sensor key
numbers occasionally contain letter designators. These
refer to separate components of a multI—sensor system
which is usually in one mechanical package . Editing
and changes within the data base have resulted in some
out—of—sequence key numbers. This does not affect the
computer searches.
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SHORT FORM SENSOR LIST
SEARCH OVER THE FO IILIOWINC

(IN ‘OR ’ MODE)

I C 1 ). KE’y’ Tç i ACOUSTIC NAVICAT ION
PUL SE-DOPPLER NAVICATION SYSTEM

2 >.  KEY I~ 4. DIVER CO*iIJ~’flCATIflN
Lft’JDEPWATER FUNAL ~RAL COM~’UNTCATTON

3 C 3 ).  KEY IS 3 RE1IOTE TEMP. MEAS.
SATELLITE MFj’~~t (REMENT OF SU RFACE TEMPERATURE

‘
~ C ‘~ ).  KEY ES ‘~ L ASER-EXCITED RAMAN RACKSCAT T~~1IREMOTE DETECTION OF OIL. SPILL .5

S (S). KFV TF. F~ SFA ICF IMACFRY
SATELL.. I1’ E IMACERY FOR SEA ICE

E. C F. ).  KEY IS F. RADIOMFTFR FOR RE. TE SENSINC
UHF RADIOMETER

7 C 7 ). KEY IS 7 SURF ACE C~ ff-~F~FNT MEASUREMENTHF RADIO MFAS~.*~ENFNT AT SURFACE CU .‘RRFNT

S C 8 ) • KEY T E S VERTICAL CURRENT MFASI.~~EMFMT
VF.RT I CAL. CLiRRH~fl METER

9 C 9 ) 
• KEY IS 9 CURRENT MEASUREMENT

INCI.JNOMF1FR ARRAY

10 C 10 ). KEY IS 10 TEMPERATu RE PROFIL E MEASUREMENT
REAP POLIOY THFP.MTE’r’ER CHAIN

11 C 11 ) , KEY IS 11 DETERMINE SICNAL. DIRECTION
NON SCANN INC SONAR

12 C 12 > .  KEY 15 1 .  VOICE OPERATED KEYE~RVOICE OPERATED KEVER

13 C 13 ). KIEV JR 13
WAVE HEICHT METER

14 C 1’ ).  KEY IS 14 CURRENT AND TURBULENCE MFAE.
3 AXIS CURRENT MFTER I

IS C 15 ).  KEY IS 15 OCEAN CURRENT MEAB.
FCC MODEL. ~0i CURRENT METER ‘0-

16 C 16 > ? KIEV 15 16 REMOTE SAL INITY MEASUREMENT
REMOTE MEASUREMENT OF SAL. TN T TV .

17 C 17 ) . V.F’Y IS 17 MICROWAVE RADIOMFTFR
MICROWAVE EMISSION FROM ICE

18 C 18 ). KEY IS 18 WAVE-SPECTRA -MEASUREMENT
BISThTIC RADAR OCEAN WAVE OBSERVATION

19 C 19 ).. KEY 16 19 WATER FLOW PIFASI !REMENT
B—il . 41
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PRESSURE DIFEFRENTIAI FL OLJMFTFR

70 C 20 . KEY 15 20 ACOU.LciT E c. PDmTIrLM L OCATINc .
FL fWF TRACKINC 5~~-~iFM

21 C 21 ). K~ Y IS 21 TEMPERATUR E PROFILE MF flRFMFNT
DICITAL XRT S~-S~FM

23 C 27 ). hF~ 15; 72 SAL ~NTTY MFASURFMFMT
ON-I JNF CONDUCTIVITY MEASUREMENT

73 C 23 ). KIEV IS 73 U NDFRWATF:R PU-1(TE DCRAPHY
FREE. VFHICI.F DRItP CAMERA

C 24 > .  KEY IS
HORIZONTAL Pt ANAR ARRAY FOR SONDRLrLVR

75 C PS ) .  kF’~ IS 7C~
DOPPLER SONAR INVESTICATION AND EVAU U UAT TON

P€. ( 2 F . ’~’ . K I~-v 1R ?C
DOPPLER SONAR t)ETECTTON OF SWIMMERS

77 C 2 7 ). KIE~ 15 7 7
M/~’NE U IC ~ D4r~rc1~1~~~v..p 4~ 1) M4CME t flM~~T~ ~Wi~~~~~~ t~~~ M~ js9C

PS ( 28 ) .  KEY 15 29
ARCTIC PflRTAR~ F EURVET LI ANCE SYSIEM

29 C 2~ 
) . KEY 15 70 CAMMA RAY TRANSMISSION FPFCIRDMF

MUCI EAR Mi-:~SUR INC. TFCHNIGLIES TN M1I’JINC

30 C 30 ) .  KI~~Y IS 31 DEEP WATER CRDUM) SPFE-D MFA5~ UPFN
SPERRY PARAMEIRIC ARRAY DOPPLER F.ONAR

31 C 31 >.  k~~Y 15 37 TEMP MFAS! URFMFNT
TERMTSTOR CHM N E1’R U. W. TEMP. ME AS! !FLFMENT

77 C 33 ). KEY 15 27 SATFU TIE TMACFRV
FRT S-i OCEAN IJP.SERVATION

33 C 33 ‘ . K~V IS 34 SEDIMENT TRANSPORT 511 tOY
ACCHJSTJC •rp

~~~~ ~~~~~~~~~~~~ PFRRt F:S,FUDFSC..\N SONAR

34 C 34 ). KIEV IS 35 ORCANTc: C’.ARP.DN MEAF! URFMENI
OIL -WATER POH...W ION MONITORINC SVS 1FM

35 C 35 ). KEY 15 36 FISt.4 7PACKTNC
AUTO. Ft 5C.TRONTC FISH TRAC’.KTWC S’~S~t t ~M

- C 36 ).  KEY 15 37 WATER DRIFT TRACKTNC
ACOUSTIC TRACK INC flU W000HEAD DR WT FRS

~~~~ C ~7 ‘ KIEV J 5  35 FISH TARCFT RTRFNCTH MFAF~~ FMFNT
DUAL.. REAM FJE.H TARCE1 STRENC TH MEASI ~ FMFN1

38 C 35 ) • KI~~Y IS 39 CI.JRRFN1 MFF’.UJRFMENT
1.IONC TERM CLW~PFNT MFASL~~EMFP’T1 SVETEM

39 C 39 ). KIEv IF; 40 MUILTTCHA ~~iFI.. MTCR~~.JAVF A! IDTOr IFFF
B- 12
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SEASAT A SCANM~ C MU !L. T1CHANNFI . MICROWAV E RAflIOMF 1f
~ R

40 C ‘iO ).  KF~ 15 41 RADAR At TTMFTFR
DESICN AT SEASAT-A RADAR ALTTMETFR

‘ii C 41 ). KEY IS 42 SU tRUIERCED CAF~L F TRAf.KI INC
VECTOR MACNFIW1HL-TFR SYSTEM

42 C 42 ). KEY IS ‘t3 RADAR TMACFRY
SFASAT-A F.YNThFT IC APERATU ~ E RADAR

‘13 C 43 ) . KEY ~S 44 DULIPFI) ~‘Vt1 FRTA U MOMTTOR T N(:
OCEAN DUMP INC SL!RVFT I .!..ANCF EY~1JFM

44 C 44 ). KEY IS 45 WATER CU HREN1 METER
EL .ECTROMACNFT IC Cl IRRENT METER

‘is C 45 ). KEY 35 1.5 INTERNAL WAV E ME AS! !RFMFNTf~TEMP. MEASUREMENT ARRAY FOR IL’fl FRNA~ WAV E CUPOSERVATTON

‘IF. C 46 ) • KEY 16 47 XPIAV FL DL UPESCFNCF RPFCTROM~TFR
ANALYSIS OF MARINE SEDIMENTS SY )CRAY Ft OUJRFSCENCF

‘i7 C ‘i7 ).  KIEV IS ‘iSA MTCRP.STRU ICTURF IMACINC
TEMP + SAL DillY MTCROPROFIL..EF?

48 C ~48 
) . KEY IS 435 SAL INITY MEASUREMENT

TEMP + SAL. MICRO PROFILER

‘i9 C ~i9 ) • KEY JR 49C TEMPERATURE MEASUREMENT
TEMP + SAL. MICRO PROFILER

SO C 50 > .  KEY 15 49 PRECISION P.ATHVMFTRY
HICH RESOLUTION A!Y1O. CHARTINC SYSTEM FOR OCEAN EU OUR

SI C 51 ) , KEY 16 50 MEAS. OF U TCHT SCATTER . ~: ASSORP
TOW--TYPE LASER ARF4IRPTJON METER -

52 C 52 ). KIEV 15 51 PHOI1OCRAPH OCEAN Fl OOR
UNDERWATER CAMERA ANt) STROPOF

53 (53 ). KEY 15 28
INTECRATED F.FNCX)R SYSTEM FOR POUR IFE) ORDNANCE

54 C 54 ). KIt- V 15 57 MONITOR F ISH MTCRATTON
AC~~JETIC FISH COUNTER

55 C 55 ) • KEY IS 53 CURRENT PROFILE MEASUREMENT
FREE FALL FLFCTFUOMACNFTIC CURRENT MFTFR

56 C 56 ). KEY IS 54 LOW FRFO AIR PRFFSHRE F! UCTU !ATI
AIR PRESSURE MEASUREMENT NEAR SEA 5! URFACE

57 C 57 ). KIEV 15. 55 015801 VEP OXYC EN MEASI EUFMENT
IN SITU MOL. FT.LI(. AR OXYCFN PROFJ!..FR

58 C 58 ). KEY JR 56 MEASUREMENT OF TTDF HFJCHT
IN SITU TIDE CACE

59 C 59 >. KIEV 15 57 MEASURE 1IDAL PRESSURE
3-13 
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TIDAL. PRES5.1.~~EI MEASUREMENTS

~~ C 60 ) .  KEY IS SR U .W.DATA TEL EMETR Y ~ INSTMT. CON
TELEMETRY RFCF! IIVFR AND ACOIIISTIC COMMAND SYSTEM

Li C 61 ). .KIFY IS 59 DETECT DENSITY OF F11!RSNT CHFMI.IS
VAR I OSENS CHL L1RCUPHYLL AND FL JJCIRFSCFNCF DFTFCTOR

62 C 62 ). KIEV 15 60 [l W . COMMUNICATION
U.W. COM!~’iUNLCATIflN P.Y EI.FCTP.JC CURRENT

63 ( E.3 ). KEY 15 61 WATER PRFSEJ !RE MEASUREMENT
SELF CONTATNF[? TIDE CACE

64 C 6’: ) •  KEY IS 62 DEPTH PEAF.URFMFNT
C. T.D. MICROPU4EIFTL..ER

65 C 65 ). KIEV IS 63 SEDIMENT DENSITY PROFIt ER
BIJ .K DENSITY MFARMNT BY CAMMA RAYS

E.€. C SE. ).  KEY 15 64 REMOTE PHOII}CRAPHTC SFNSIWC
MILLITISPECTRAL PHItTOCRAPHIC SENSINC

67 C 67 ) • KIEV 15. 55 EARTHC~1 tALE MFASUREMFI~JTS
OCEAN BOTTOM SET SMOCRAPH

E.8 C 65 ). KEY IS 66 UW SlJt!Nfi MEASUREMENT
NRL/USRD H-’:S HYDROPHONE

69 C 69 ) • KFv IS 67 ELFCTUC CURRENT COMM!IJCATN
CONDUCTION CURRENT 5.ICNAIII!.I IINC

70 C 70 ).  KEY 15 69 L.IICHT SCATTERINC MEASUREMENT
P}-COTOCRAPNIC NFPHFLI OMETER

71 C 71 ). KEY IS 69 LICHT RADIANCE MEASUREMENT
UNDFP.WATER RADI ANCF SCANNER •

72 C 72 ) • KIEV IS 70 LUCHT ATTENUATION MEASUREMENT
TRANOM I SSOME ICR

73 C 73 ).  KEY ~S 71 L TCHT ATTENUATION MEASUREMENT
REAM AlIEN. MFTFR I

74 C 7’: ).  KEY 15 72 L .ICHT ATTFNW~T1ON MEASUREMENT
EXPENDAOLE RATHYPHOTOMETER

75 C 75 )~ KEY 15 73 DEEP BOTTOM PROFILER
ROI LOM PROFIt F I

7€. C 76 ). KEY 16 7’: AMRIFNT NOISE MEASUREMENT
ACODAC.

77 C 77 ) .  KIEV IS 7~ SOUND SOURCE LOCATINC
4-HYDROPHONE ARRAY

78 C 79 ).  KIEV 15 7€. OPTICAL RADAR
h OAR AS AN OCFAN PRO8F

79 C 79 ) KEY 15 77 P.LJBRLF~ DENSITY MEASUREMENTB-i 14
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MEASMNT OF MTC’.Rfl€4U tSR! F CONCENTRAIN

90 C 30 ).  KEY 15 79 SURMAR JNF COM’~1UNICATIflN
ELF COMMUCATN SYSTEM DFSICN

81 C 91 ).  KIEV IS 79 1 ICHT DISTRIR rIJ C1N ME ‘!RFMENT
RADIANCE DJSTR mUTTON CAMERA

82 C 37 ) .  KIEV 15 5.0 JNSTRL !MFNI OPERAT ION CIRF.ERVATION
DEEP SEA CORFHFAO CAMERA

93 ( 33 ). KEY 15 81 SPRAY DROPLET MEASUREMENT
L.IDAR MEASUREMENT OF SPRAY PL UMES

84 C 94 ). KEY IF. 32 OPTICAL TFL FMFTRV
LTCHT COUPLED INFO TRANSMISSION

25 C 85 ) .  KIEV 15 93 F.TERFO TV
UNDERWATER 9.TERFI! TV

RE. C SE. ) . KIFY IS 9’: SEISMIC-ACOUSTIC SICNA! ! INC
COMMUNICATION TL.!POL rLL ICE

87 C 87 ). KEY 15. 85 SPECTRAL RADIOMETRY
TRW SYSTEMS OCEAN COt . OR SENSOR

53 C 83 ).  KIEV IS SF. INTRU !SIOW OFTECTOR
SEISMMTC POTNI S1~NSCLR

89 C 9.9 ).  KIEV 15 97 TNTPL !F’.TRN WARNINC
W IRE TN TURF RFNCOR

90 C 90 ).  KEY 15. 89 TL!PJD WA L FR TMAC INC
SONIC CAMERA W ITH 1fl~ RANCF AND PEAL TIME DISC! AY

91 C 91 ). KEY IF. ~9
OPTICAL. LOC AL .. I7ATION OF DEEP UN TARCETE.

92 C 92 ).  KIFY IS 91 ICE THTCKNFSR MFAF:L !RENFL’fl
FM RADAR ICF THICKNESS MEAF.UREMFN~1

93 C 93 ) . KEY IS 90A Oil SRI! ! DFTFCTII!N
ATRP.ORNE CU T ! RU LRVFILI ! ANCE SYSTEM ( TRM I!V I DiE SCANNER)

94 C 9’: ). KEY IF. 90P~ (111 P.PT !- ! DETECTION
AIRBORNE 011. SURVFT! L ANCE SYR IFMM CI OW I. TCHT TV )

9E C 95 ). KEY IS 90C OIL SPIt ! DFTFCTTON
AIRBORNE OIL RL!RVFTI l ANCE SYSTEM ~MTCRflWAVF JMACFR ’

9€. C 96 ). K!..Y IS 900 DII SET H DF:TFCTTOW
AIRBORNE flT~ SL!RVFTl L ANCF SYSTEM ~RTOF! TEINC RADAR )

97 C 97 ).  KIEV IS 101 DIVER VFHTCL F SONAR
OBSTACLE AVOIDANCE SONAR (AN.’WOS- 1)

99 C 99 ). KIEV IF. 92 ICE c.[ASSIP1c.AT TnN
ICE TYPE IDFNT . SYST.

99 C 99 ). KEY IS 93 I.,.ONC RANCF RADAR MFAE.
3—15
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HICH RESOLL IT . 0TH-B RADAR

100 ( 100 > • KIEV IS 94 OCEAN PHOTOCRAPHV
FILMS FOR IMPR. DCFAN IMAC INC

101 C 101 ).. KEY 13 95 SEARCH ~: RFSCUF~ SL Tt~~ANCF
SEA SURFACE MARKER ACENTS

102 C 107 ). KEY IS 96 TEHP.PRrIFTL F MFAF.. (.LWDFRWAY
A L.T.WT . TOWED TEMP. ARRAY

103 C 103 ) , KEY IS 97 WATER VF1 1O. PROFTL F MFAS.
VELO.PROF .T1. ER IJF.T NC DOPPL ER PRTNC .

10’t C 10’: ). KFV 15 93 LOW-ERFO. SOUND DFTFCT~FIBER-OPTIC DETFCT.OF SOUND

105 C 105 ). KIEV IS 99 REMOTE WATER OUA!. .MFAS.
.R~- AN SPECTRA OF H?0 ~SO’~ IN SEAWATER

106 C 10€. ). KEY 15 100 REMOTE TFMP.MFAR.
PlEAS. OF OCEAN TEMP. FROM DEPOt A RT 7ATTON TN RAMAN F.Ctt~ 1FR INC

107 C 107 ). KEY 15 107 El ECTRIC CURRENT Cflhl ’I.
COMM.THRO[LCH A CONDt.!C.TINC MEDIUM

108 C 109 ). KIEV 15 103 MFCH.OT L DETECTOR
FLCIAT INC OIL.. SLICK DETECTOR

109 109 ). KEY IS 104 DII I P0! LI .JT T ON MONITOR
011. DETFCT ION B~~1V SYSTEM

110 C 110 ).  KEY IS 10E~ SPII..L THICKNESS MFAS.
MEAS.OF 011. -SETH DIST .RV MICROWAVE RN) T DMTRY.

111 C 111 ) .  KIEV IS 1 0€. DEEP TONEr) MACNFTONFTFP
NRL MACNETOMETER

112 ( 112 ). KEY 15 107 RFMIrrF P01 ! I!TT CUN NEAR.
LASER RANAN SPFCTRDSCOPY FROM .~ REMOTE p~ ATFnpM

113 C 113 ). KIEV 15 109 F.URNART MF COMML INTCATT OL’j
ELF COMMUNICATION SCHEME

114 C 114 ).  KIEV 16 109 01% SPIl l TL~CTTON
OIL-ON-W~.TFR SFNSCUR

115 C 115 ) KEY 15 110 Nfl IF.F—C~ NCH INC NTCPi!PHf !!’~~DIVER COMML,JNICATTON MTCRCUPHONF DFVR ILPMFNT

11€. ( 11€. )I. KIFY 15. 1 1 %  TV DI! — SPIL L MONITOR
VIDEO SYST.FfIR 011. -SPIt I. RLJRVFIL. -

117 ~( 117 ).  KFY IS 1IPA 01% . CCUN l FNT NEAR.
OIL-IN-WATER MONTT.(PATRD -ATOMJCI

118 C 119 . KEY IS 112R CUT!. CONTENT MEAF..
OIL-IN-WATER MONITOR (C.F. FNVVTRO-CONThOL

119 C 119 . KEY IS 113 ACOUSTIC IMAC~ Nc:
B-16
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ACOUSTIC TMAC INC SYSTEM

120 C 170 ).  KEY IS 114 OPTICAL .. IMAC INC
ADVANCED LN~.T)FRWATFR OPTICAL IMAC INC SYSTFMS

171 C 171 . KIFY 15 115 ACOL ISLT c.  DATA RFCCURDINC
MOC)RFD ACOUSTIC RI klY SVS1EM

122 C 122 > .  KEY IS 116
SWIMMER DETECTION BY DOPPL ER SONAR

173 .~( 173 ). KIFY IS 117 POt t ! ITTOW SIIRVFJH .ANCF
BLHJY-MCHJNTFD HYDROCARBON SENSORS

1 4  C 174 ). KEY 15 118 SATE lLITE MONITOR TNC
OIL. SPILL DETECTION ILSINC ERTS—1

125 C 125 ). KIEV IF. 119
MACNETIC 5.FNSOR Si !BMARINE SURYFIL L ANCE

12€. C 17€. ). KEY iS 120
EVAI,ILJATION OF INFRA-RED ?.~ TV SENSORS

1E~7 C 177 ). KEY IS 12,1 Cl.LRPFNT MEASUREMENT
!.IOW VELOCITY F!. . FCTROCTAT TC CURRENT METER

129 C 129 ).  KFV 15 127 DEEP OCEAN TE!..EVISION
CABL.F TV SYSTEM

179 C 129 ). KFV IS 123 OCEAN WAVE MEASUREMENT
RADAR WAVE SENSOR

130 C 130 ). KIEV IS 12’i WAVE HFICHT M. AF..
WAVE AMPI. ITt,~~E MFAS!.IR INC Al LOY ( F.HDRF RFCORDTNC )

13 1 C 131. ).  KEY IS 125 ACOUSTIC IMACINC
HOt.DCRAPHTC IMACINC SYSTEM

132 C 132 ).  KEY IS 12€. SEDIMENT PROPERTY PlEAS.
PFNETROMFTER SYSTEM -

1 33  C 133 ). KEY IS 127 FISH ETOCKI MFAS.
HYDROACOUST IC E I SH ASSESSMENT SYST

134 C 134 > .  KIFY 15 129
PORTARL .,E OF.IFCT I OCATOR SONAR

135 C 135 ). KEY 15 129 MTCROWAVF WINO SPEED PlEAS.
SEA SAT-A SATELL I IF F.CATTEROMFTFR

136 C 13€. ) • KEY 15 130 CURRENT MFTFR
ACOUSTIC CURRENT ~~~~~

137 C 137 ) , KEY IS 131 AMP I PIT NO! RE MEAS.
HF.. HVDROPHOL~E

138 C 13? ). KIEV 13 13? INFRA-RFL) DFTFCTION
PHOTO CDNrX.!CTIVF (Hç , Cd , Tr~) INFRA-RFD DETFCTORS

139 C 139 ) , KIEV IS 133 IPFRAR FO DFTFCTION
B—1 7
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I i Th 03 PYRCUF!. FCTR IC INFRARED flF.TE~ .TflR

140 C 140 ). KEY IF. 114 ICE TRACKINC
AIR DROPAR!. F kA~LR Pt flY

141 C l’:I ).  KEY 16 135 MEAF.. TR ARSORPTICUN OF OIL
HOP IRA 01! CONTENT MONITOR

142 C 14? ) .  KIEV IS 136 TEMPERATURE PP.OFIL F NFAS
RATHVTHFRMf1CRAPH

l’iB C 143 ) .  KIEV 15 137 P.ATE-LI L TT E SL IOY TRACKINC.
COSRAMS . TRACK INC RI tOY

11:4 C 144 ). KIEV 15. 139 SENSOR—SATFI I TTF WI FMTRY
SYNRAMS ICE STATION

l’sS C 11:5 ). KEY IS 139 DEPTH FINDER
DTCITAI I DFPTh SDL!NOFR

1 4€. C h F .  ). KIEV IS 140 RPFFr) INDICAT ION
DOPPLER SPEED ! nC

147 C 147 ). KEY IS 141 P.c1TTrIM SURVEVINC
CORRELATION FCHO Sn! ~tOFR PROCESSOR

1’:S C 149 ). KEY 15. •
~~/~~~~ FISH l OCATION

L . F. SCANN TNC SONAR ANt) RFCDRD.IR

149 C 149 ) . KEY 15 143 DYNAMIC SUTP POSIT
HONEYWELL. P5-7 ACO& IS1 IC POSITION INDICATOR

ISO C ISC) ). KEY 15 144 WATER L EVEL NFAF..
AANDFRAA WAT ER I EVE!, RECORDER . 7069. TC-’,

151 C ic~ ). KIEV IS 14c PRECISION NAVtCf~,TTflW
O.R..E. OCEAN NAVT CATTON SYSTEM MODE! 5.000

152 C 157 ).  KEY IS l’t c . VEL OC ITY ME- AR.
F.PFRRY DOPPI FR SONAR DOCKIINC SYST .

15.3 C 1 5~. > .  KIEV IS 1’:7 SUP BOTT OM PROFTI INC
0..R.F: . SLIR Pfl~ Tfl N PRCUFT I.JNC F.VSTFM. MOOR! 1 03C

15.4 C 15’: ). KEY IS 149A ! .AND-•6F~\ TNTFRFACF DEF.
WIMRt hR-C SATE! ! TIE. COASTAL . ‘ONF ~~ OR SCANNER

15.5. C j sc ~~. KEY TS 1 49 nFTFc.T..nF CHA.RCFD PARTIH %-E.
CHARCFD PART IC!. F ~~~~~~~~~~~~~~~~

1 5€. C 1~~€. ). KIEV 15 15.0 WFATHFR ~~~~~~~~~~~
NIMBU S RADIOMETER

15.7 C 15.7 > .  RE-V IS 15.1 BOTTOM F.UFlVFV!NCM~Hf~RTf’K..
SIDE SCAN SONAR

1 $ ~. C 15.9 ) .  KEY 15 15.? NAVTC.FI1R SIJRMFRRIRI ES
L*F.MAR F.CAPJNT NC SONAR FOR RIJRMFRSTP! ES

15.9 C 15.9 ~~. KIEV IF. 15.3 TRACKTNC I’. L OCATINC CURJFCTS
B—18
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I.~JESMAfl T400 DI IA! FRFD. TRANSPONDER

160 C 1E.0 ). KEY IS 15.1 RATHYMFTPY
HICH POWER TRAW51.~LJCFR

161 C 161 ). KEY IS 155. SAL INITY MFAS.
REFRACTOMETER /RA !. I NOMFTFR

162 C IF.? ). KEY IS 15.6 MOORINC RFL FASE MFCHAPJ1S~
SEDAR RELEASE MECHANISM. TYPE 5.69

163 C 1€.3 ) .  .KFV IF. 15.7 TENSION MEASUREMENT
TYPE 210 L OAD CE!. !

1€.’, C 164 ). KEY IS 15.9 1. 11W L TCHT OBSERVATION
MINIATURE FORWARD L OIEIF’}C IR SENSOR

1E.5 C 1E.5. ). KIEV 15. 15.9 CPAVT TY WAVF ME-AS.
OPTICAL . WAVE EPFCTRA PlEAS.

166 C 166 ). KIEV IS 160 RFMOTE SENSINC
MULTI-SPECTRAL SCANNERS

167 C 167 ). KEY IS 1F.IA MEASURE CONDUCTIVITY
MODEL U,.!? W~TF~ DtV ~I. ITV CHECKER (CONC( ICTTV ITV SENSOR )

169 C 169 ). KIEV IS 1616 T’JRP.TDTTY SENSOR
MODE]. Ui WATER DUAL ITY CHECKER ( TURPIDITY SENSOR )

169 C 169 ). KEY TB I61C DjF.sn!, vro OXYCEW P .A S .
MODEL 117 WATER DUAl ITY CHECKER (OXYCFN SENSOR )

170 C 170 ). KEY 15 1610 TFMPFRATL IRE MEAR! i€LFMFNT
MODEL.. 117 WATER OLI JAL . CHECKER C TEMP . SENSOR )

171 C 171 ). KEY IS 161F PH MFAF;IJRFMFNT
MODEl.. U? WATER DI !A( • CHECKER C PH SFWSOR -

172 C 177 ). KIEV 15 16? POLlUTiON DETECTION
WATER SAMPLE F!IIFCTRODFS

173 C 173 ). KEY IS 163A PH MFAF1IJRFMENT
TYPE 169 WATER DUAL ITY MON. SYSTEM CPH)

174 C 17’, ). KIE V 15 164 HTCL4 PEROt IIJTTDN SONAR
KLEIN SIDE-SCAN SONAR SYSTEM

175 C 175 ). KEY 15. 165 SURFACE CURRENT MFAS.
CURRENT DROCLIF WITH DYE

17€. C 17€. ). KEY IS 166 SURFACE CURRENT PlEAS.
CURRENT DROCUE WITH RADIO AND DYE

177 C 177 ). KIFY IS 167 WATER DRIFT TRACKINC
SOFAS PROBE 

-

179 C 178 > ? KIEV 15 168 CURRFNT METERS
5.00 SERIES ELI.ECTROPt4CM€TIC H20 CURRENT MIPS.

179 C 179 ). KEY 15. 169 FL OW METER

B—19 
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MODEL 701 WATER F! OW MEAS~URFMFNTE;

190 C 180 ). KEY 16 170 UNDERWATER TV CAMFRA
MODEL . 1600 HR UNDERWATER TV CAMERA 

I

191 C 191 ). KEY 15 171 DEPTH MEASUREMENTS
MODE! 90F7 SONAR SflU .!NDINC SET

187 C 18? >. KEY 15 17? HYDROPHONE-
MOOFU.. 60’:? HYL)ROPHONF

1 83 C 183 ). KEY 15. 173 SPEED AND DISTANCE hOC
CROSSTRAK DOPPU. ~R F.PFED I DC

194 C 184 ). KEY 15 174 U. W. I .OCATION&NAVIC. SYST.
HTCH RESOL .LJT ION F.CANN INC SONAR SYSTEM

195. C 195. ). KIEV IS 1 75A WF!I REENTRY
COMBINED SONAR/TV ( SONAR )

19€. C 18€. ). KEY IS 176 HICH RESOL tILT ION SONAR
OP.STACL F AVOIDANCE 5.ONAR SYSTEM

197 C 197 ). KIEV 15 1.77 DIRECTION INDICATOR
SOt. It) STATF C~MPASS

188 C IRS ) .  KIFY 15. 178 CURRENT VF!.OCTTY
CURRFN T MFTFR

199 C 199 ) . KEY IS 179 MONITOR WAVE DIRECTION
WAVE DIRECTION RECORDER (IN SITU ..!)

190 C 190 ). KIEV IS 1.80 WATFR DIIAII.MFAS.
DUAL . POLART7ATIIIW L ASER RACKF.CATTER SY~:T.

191 C 191 ). .KFY IS 191 UNDERWATER TF! FPHOt\’F
DIVERS C 0MM!. IN I CATION SYSTEM

192 C 19? ). KEY 15. 182
OFFENSE ACATNF.T SWIMMER ATTACK (B! IRFACE)

193 C 193 ) . KIFY JR 1P~~
SL TNF-Tfl~-SL JRMARiNF COMMU JNTCATIOWF

19’: C 194 ). KEY 15 19’, MACNET IC HEADINC SENF.flFt
MACNETOMETER COLIPASE.

195. C 195. ). KIEV IS 195. CONTROL I FD MARKER
HFLi. F CAL I , B!II !OY

19€. C 196 ). KEY 15 186 TNSTR .RFCAI I RFI. FASE SYRT .
HE] I F REI.JSASI I E RECA !..! . SYST/W MFCH. FLF!. FARE

197 C 197 ). KEY IS 197A PINC F~R RECEIVER CM OCATOP )
DIVER PINCER flFCFIVER

199 C 198 ) . KIFY IS 197R PINCER l OCATOR
HEI I F PINC POINTER

199 C 199 ) . KEY 15 199 PINCER I DCATORP.-RFCVSR .
B- 20
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O N .  ANTENNA MODEL 65.00

700 C 700 ). KFY IS 199 PINCER RECEIVER ~~
. !.OCATOR

DIRECTIONAL ANTENNA MODFI. E.5.SR

701 C 201 ).. KEY IS 190 RA1.~T O DIRECTION FINDINC
SONOF L’OY I OCATTON SYSTEM (ARA-SO )

20? C 20? ). KIEV 15 191 SEA FL OOR RFRTST IVTTV MFi~5.
MARINE F!.FCThOMACWE TTC P.OUNDINC

703 C 203 ) . KIEV 15. 19? ICE THICKNFE.5 MEASUREMENT
ATRP.DRNF SEA-ICE THTCKINFRS PRCIFTI INC

20’: C 704 ). KEY 16 193 RFMr:TF TFMP .MEAR ..
F.FAWATFR TEMP. M~-AS1 ~RFMF.NT t!SINC RAMAN SPECTRA

705 C 705. ). KEY 15 194 F.FOJMFN1 TRANSPOR T MFAS.
STRAIN CACF EFDIMENT M ICRAT ION MONIT~~ 

20€. C 70€. ). KIEV IF. 19R REMOTE SOUND ME/aS.
REMOTE SFNS INC. OF UNDFRWATFR P.01 INI)

707 C 207 >. KEY 15 196 MTCRP.WAV F. SAL INITY MFAS.
TFSTINC TFCHN TDHF FOR REMOTELY MFAE] JR T NC F.A! TN TTY TN /a F51! VaRY

709 C 708 . KEY 1~ ~~~7 01! SPIt DETECTION
FL.UORFSCFNCF 01). SPIl L OFTECTOR

709 C 209 ). KFV 15 199A OTV ! R PHYSICAL COND.N:Lrfl ThR
MILTICHANNEL . !.LNDFRWATFR TE!.FMFTRV SYS L FM (r)TvrR FKC L4AS. )

710 C 710 ). KEY IF. 1985 DIVL R TFMP.LIIONITDR
MULl I CHANNEl I LNDFR WATER TEL EMETRY SYSIFM C RODY TEMP. MFAF.. )

?1i 211 ). KEY IS 199 ORSFRV .OCFAWIC DENSITY F.TR!1C1.
L .ARCF APERT!..!RF ACOUSTIC ARRAY

212 C 21? ). KEY 15. 200 TRACE EL EMENT MFAS,
DETERMINATION OF TRACF El FMENTF. IN St IR-NAMOCRAM RANCF

713 C 213 ). KIEV 15 701 REMOTE ICE-THICKNESS
POTFNTIAL . USE OF SATE-I ! TTF JR DATA FOR ICE THICKNESS NAP PLNC

P1’s C 21’: ). KEY 1R 70.~ ICE-ThICKNESS PlEAS..
AIRPORNE IS IMACFRY OF ARTTC PEA ICE-THICKNESS.

715. C 715. ). KEY 15. 703 UWDERWATF F~ TO SATFI ! ITt- COMM.
OPTICAL COMM. RFrWFFN UNDERWaTER ~: P.MI~! I. ITE TERMINAL S

PIE. C 21€. ) .  KEY 15 70’: OT t PCi! I LI T ION DETECTION
CAS CHROL1flTAC~~APNTC WCN.FCLR HYOPctC ARHONS TN SEA WAT ER

217 C 217 ). KEY IS 7()’. TDFN TTFYTNC FISHINC AREAS
RFM0TF~ RFNSTNC OF OCEANIC CAMFFTS!- !

718 C 218.. ). KEY IS 70€. WATER POt tU IT ION !i(1WTTnR~~~ ”.
ION-SF) .ECT lYE MEMP .RANE El ECTRODES

719 C 719 ). KEY 15. 207 FEARCL4 ANt) PFSf.~~
B- 21



SOFAR -

220 C 220 ). KIFY iS 709 MEASHRF RADTATF O NO ISE
CHESAPEAKE I NST. MOBIL .F LJNF)FRWATFR NEAR!. ~RFMFNT SYIRTFM

721 C 721 ). KIEV 15. #09 PASSIVE TOWE D SONAR
CHESAPEAKE TNR1 . I..TCHT-WFICHT TOWED AR R Ay SONAR

22? C 272 ) .  KEY IS 210 PASSTVF TONED SONAR
CHESAPEAKE INST. AN/SOR-1 S SONAR

‘
~~~~ C 223 . KIEV 15. 211 WATER P O L L  L IT T ON DETECTION

BARR INCER RE5.f ARCH ! .ASFR FL .L W1ROSFNSOR

724 C 22’: ). KE’~ 15. 217 MACNFTIC ANt W.L V DETECTION
MACNETOMETER MhlOFi PM- I 23

225 C 225 ). KIEV IS 213 AFRIA! PROTOCRAPHY
ITE!( KA- i 0?A CAMERA SYSTEM

226 C 22€. ). REV IS 21’: HICH RF5.Ot.LrI JON RADAR
TEXAS INSTR . AN.’APF.-li€. RADAR

227 C 277 >. KEY IS 215. MACNE-TIC ANONA!.Y DETECTION
MACNETOMETER AM!AR0-S1 CV )

278 C 228 ). KEY IS 216 CUPRFNT ME- AS.
CEN. OCEANICS RECORDINC CURRENT MF1FR

229 C #29 ). KIEV IS 717 TRACE METAL DESCRIPTION
AUTOMATED MEAF~!. URFMENT OF METAL S TN SEAWATER

230 C 230 ). KIEV IF. 718 MEAS!JRF WAVE HF ICHT
TEl. EDYNF CEOTFCH INFRARED OCEAN WAVE METER

631. C 731 ). KIFY 15 ~ 19 MACNFTJC FIELD PlEAS.
S.. H. F. CORP. F~iPFRCONDt JCTIMC 01JAN11 Li’! INTERFERENCE DEVICE

232 C 737 ) . KEY 15. 770 Fl ECTROMACNFTTC PROFT! 3NC OF ICE
BARR INCFR RESFARCH COTRAN PI LL S~D F.!. FCTRDMACENTTC DETECTOR

233 C 733 ). KEY IS 769
WAK E DETECT ION SYSTEM

234 C 23’: ). KIEV 15 770
OPTICAL DETECTION OF A SUBMARINE

735. C 235. ) . KEY 15. #71
L!NDFRWATFR ACOL.JSTO-OPTJCAL IMAC INC

23€. C 73€. ). KEY IS 77?

ACOUSTIC DETF (~TION SYSTEM FOR PI.IOYS

737 C 2 37 ) . KEY 15. 77?
AIR/UNt~FRWATFF~ I ARES RADAR

238 C 238 )
~ KIEV IS 774

DFPI .OYABL F ACO[!STTC/MACNFTTC ANOMAL .Y OFTFCTDR

239 ( 239 ). KEY 15. 775. 
B—22
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MOORE!) 51.!RVFJI. U ANCF SYSTEM

740 C 740 ). KIEV IS 2 7€.
AN/SSG- 75. SONORL.LOY

741 1 7’~j ) . KEY 15. 777 IUNDFRWaTFP TRACKIT !’IC OR ) flEA : INC
WESMAR TTh0 TSANSL’flt’EFR

24? C P ’I2 ). KIEV 15. 279 1.F .A Cf l( ISTIC DETECTION
AN.’SSai-5.7( Vt AL~~ U .F.DIRECT T ONA! SONORL IDY

243 C 7 4 2  ) . KEY IS ~~~~~~~ ~~4~~FI ! TT E r)JSTRFSS 5.1CM/a) DELFCT
SATFI ~TE PAS’Th MAI:TTIMF P!.~ARCH~’..RF~ CL!F

2’:’: ). KEY 15. 780 SPFFD AN~.) OIP.TANCF MFAS .
F! FCTROMACNFTTC F.H1~ S I DC SYSTEM

C 745 ). KEY 15. 721 BUOY NOTION PlEAS.
NSRDC RUDY NUT JON ME- AS! IREMFNI SY5~TFM

2.4€. C 24€. ) . KEY 15 7?? MEASURE MICROP U !RP.! F F.T ?E 01ST.
OCEAN MTCROSURRLF ACOUSTIC ANAL V 1FR

247 1 7 ’:7 ). VFY 15 27? VA! YE I FA!C DFTFCTTDN
NSRDC ACOUSTIC VAt .VF I,.FAI< DETECTOR

C 71:9 ) . KEY 15. 2?’: t !NDFI*IATFR P .TRATN PlEAS..
R! }BBFR PRoTFc1Fr~ UNDERWAT ER STRAIN CAL ICES

249 1 249 ) . KEY 15 225. SEISM IC WAVE PlEAS.
EL F.CTRO TFCH l ADS ND- 70 CFORHO)’JF

25.0 C 25.0 ). KFV 1€. 22€. CD9PER POL~ . IITIflN DETECTION
COPPER ION Sfl FCTTV E SENSOR

25.1 C ?5.i >. KEY IS 227 TRACE METAl DETFCTION
APPARATUS FOR DE1FRMTNTNC COPPER IN WATER

75.? C 2.5.2 ). KEY 16 778 P01)..L. IT JON DETFET TON
L ASER S.CINSINC SV STFM FOR 011.. 58.1)!.. DETECTION

#5.3 C PS? ). KEY IS #?9 ICE DETECTION ~ CHRCTR 7TN .
CHARACT. P.FATCF ~~. ICFP$RCS I URINE X-L P.t*Jf) RYNTH. APES/aT! IRE RADAR

#5.’: C PS’: ). KEY 15 230
NIL TISPECTRA!. SCANNER FOR EARTH SF5.01 !RCFS APPI JCATTOW5.

255. C 25.5. ) • KEY 15. 231 SVNTH. APFPT. RADAR F.HTP St !RVEJL
ANAL YSIS OF C:FORC,FS RANK RADAR IMACFRV

PEE. C 25€. ). KIEV 15. 23? U.W . PHOTOCRAPHY
BFNIHOS P.OOMFRANC CAMERA MODEL..I 381) AND FL.ASH

25.7 C 2.5.7 ). KFY 15. 233 L) .W . PHOTOCRAPHY
P.FNIHOS MODE) ~~371 DEF.P SEA 11111. ITY CAMERA f~ MODEL 381 Fl ASH

25.8 1 25.8 >. KEY 19 23’, . RADIO BEACON MARKER
F O.A.R.  ‘31-200 SUBME:R5.TBI F TRANSMITTER

#5.9 C 75.9 ). KEY IS ??! WATER HFICHT PlEAS.
B- 23
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O .A .R . VT RRATTNC W IRE PRESSURE TP.AN~Dt IEER

?~.0 . k~- ’i IF-. 73€. tiIRFC1IflL~J FINOFR
0. ‘~~R. VHF RAND Al flOWtTIC DIRECTION FINDER MOOFU . Af.’FR- 32C)

~~~ C #5.1 ) . KIEV 15 737 REACON (FOR I DEAT ION)
fl. ” R .  51 -SDO SFRIFF. SL !BMFR5.IP.IF FL ASHER

#F.2 ). k-Y T~ 735. LR~JDERWA1EL4 PHI1TIICRAPHY
RAMEF-CAI FO PHOcOCRAPHTC SYSTEM

?~.? C P€. 2 ) . KEY 15. 739 NIIN— faCflL I~’.rT C DIVER COMM.
Ft. FCIP.JC flTVF -~ CflM~•1lLW1CAT~ flN

2€.’: C 25.4 ). KEY 15. ?‘:() L ASER VA DC TMFTER HYDROPHONE
FL..F.CTRO-DPTTC HYDROPHONE

265 C 25.5 ). KI~ Y IS #41 TV TRANS. L!SINE PARAMETRIC F.O4. LRC
UNDFRWATFR ACO 151 IC TFE.FVTSIC1N TRAWSM~~RSTON

?f.E. C ?€.€. ). KIEV IF 7’,2 DIVER DECOMPRESSION TIMINC.
PIaIFUMAT IC REST STOP DECILMPRF5.STON METER

Pf.7 C ?( .7 ) . KEY 15 74? TFMP.PROFI! F MFAS.
F.TPP JEAN FX ~ FNDAR!. .F RATHVTHFRMOCRAPH PRORES

#5.9 C ?E2 ) .  KU- V IS 2’:’: HICk Sc’FTh TFMP..PRO.FTt F PlEAS.
AIR DEPL OYED FXPFNDAF1L~~ RAT)~IYTHFR)’UflCRAPL !

75.9 C P€.9 ). KIEV IS P’ i~ SYNTHETIC /‘Y~FRTI iRF PAD/ak F-F:~kCi-4
CI..ORAU. SEARCH AND RESCUE

270 C 270 ). KF.V IS 2.4€. COIIFORM PflL~~1LT 1DN DFT~ CT1ON
IN SITU WATFS-Nc,1NrTOR INC SYST.

271 C 271 ) . KIEV 15. 247 DRIFTINC P.!!OY TRACKI T NE
STR IFFL .ER P!LQY-L P.CAT TON S.YSTFM

77? C 27? ). KIEV 15. 2.49 ! ONE StaNCE TRACKI TNE ~ TEL MTRY.
PL UOY-TRACKINC WITH OVFR-THF-HORT7r1N RADAR

773 1 77? ). KEY 15. ?‘,9 RFMOTE ! OCATTIUN 0FT~ RMTNATTON
NAY SAT SYSTF:M FOR Rt..Li~Y L OCATION

274 C 27’: . KEY IS. 25.0 CURRENT YE! OCI1Y NFAP..
WATER CURRENT 

-

275. 1 2.75. . KEY IS 25.1 A ,S . .W .  SL LRYFTU . U.ANCF
MOORED COASTAL SLLRVF T II...ANCE SONOPUDY

p7f. C ~75. ). KEY 16 25.2 INTRUSION DETFCTOR(FFRRO:!5 MAT. )
MACNFTTc ; POINT SENSOR

271 C 277 ). KEY 15. 253 SEISMIC REFRACTION SONi1R! !DY
SEISMIC 50N014!.LOV

278 C 278 ) • KIFY IS 75.4 REMOTE RATHYTHERMOCRAPI. !
AN/SS0--35.. BT TRANSMITTER

27~ C 279 ). KEY 15. 255. 1 .F. ACOIJF.TJC DETECTION .
B—2~4

L _ _ _ _ _ _ _ _ _ _  
-— .~—~~~~~~~~~ .I-..~~

-—-—-— 
~~~~~~~~~~ ~— .—-.——.-. —.— — ——~—-. —.—. .—.—

~
— ——I.————- -

~~ 
.. ———I-. 

~~~~~~~~~~~



~~~~~~~~~

.- - .I ~~~~~~~~~~~~~~~~~~~~~~ 

- -

AN/SS0- 5.3/a. PIPFCTI DNA! SONOPI flY

PRO C 75.0 ). KEY IF. PEE. REMOTE ACOUSTIC MFAS..
AN.’SSD-5.7A RFFSRFNCE1 SOL’JOR( IOV

PSi 1 291 ~. KEY IS 25.7 AIRCRAFT-Sl UR CflPlJvU~JTCATTONS
SP ARTA N F) .FCIRONIC’.S SI ~~MA F7TNE COMMI )NTCAT1ONR SONORL!OY

PR? C 282 ). KEY 15. #5.8 LONE TERM ACOUSTIC FURVFTL I ANCF
DATA RECORD INC SONUBU ~~Y

PR? ( 293 ). KIEV 15. 259 RADTELACTIV ITY MFAB.
AFR TA! RADIAl’. SYSTEM ANJADR-E.

28’: C 2.84 ). KIEV IS. PC.O
AIRROHNE MFTt’J.-flF IFCTINC RADAR ( MFTRRA )

#P~. ( 29.5. . KIEV IF’. P€.1
VERTICAL . I TNF ARRAY DIE/aR S.ONORUOY

28€. C 78€. ). KU -V 15. 2€.?
ATRCRAF~j -SL E~MAR1NF Efil lil INICAT IONS BUOY

797 1 79.7 ). KEY IS PE.?
I Ø~JflFR ICE SONt!RI L~JY SYSTEM

289 1 288 . KEY IS 2€.4
ICE AREA PORTAl’:! E SURYFTI.! ANCE SYSTEM

289 C P8:? ). KFY IS 7C5.
SHNX)I’JCRAPH SWIMMFR SONAR

2.90 ( ).3Ø ) • KIEV 15. 2.65.
HICk DEFINITION SWIMMFR SONAR

791 C 291. ). KIEV IS ?C7
JR DFWCTION liE 5.UR-CFNE :RATFO 5.~tR FAcF FEFFETS

792 ( ?) . KFY IS ?ES
SONAR FOR MINE DETECTION

293 1 2-33 ) . KEY IS 1485. DATA RE-L AY .~ PORTION l OCATION
115(15.-N F.ATFI ~. TTF . DATA ElM I .FCTJON ?~; PL ATFORM I IDEAT ION F.Y5T~~Pl

#9’: C 2.9’, ). KEY IS 1’:RC SEA S! !RFACF TFMP . ME/aS .
TTROC -~N SATEL l ITE .  RICH RESOL UTION PADlflI’IFTFR

295. C 2.95. . KIFY IS 15.30 SAL INITY N. AS.! IBF!’IFNT
TYPE 169 WATER (

~1UAL.. ITY MON. SYSTFM ( S/at T NTTY )

29€. 1 2.9€. ) • KEY IS 1E3C. TFMPFRtO L URF PlEAS.! !RFMFNT
TYPE 15.9 WATER OL UALITY MOW . S.YSTFM (TE MP. )

#97 1 2.97 ). KIFY IS. 17~ R WE -I I SFFrfIRY
CC)MP.INFI) SON/all/TV (TV )

299 C 298 ). KEY IS PSI RTOLO CTCAI PROTEIN ANAL YSTS
FL ECTRflPHORF5.1R ANAL YZER (ORTEC )

2.99 C ?- r3 ). KEY IEI 792 PHYTOPI ANKTP.N c.ONE.FNmATmN
B- 25
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FOUR COl OR LIDAR FLUJOROMP.TER

300 C 300 ). KEY 16 PR? INTERNAL WAVE ORSERVAT ION
SATELL.. ITE IMACERY OF OCEAN SURFACE

301 1 301 ). KEY 15. ~8’, FL.FMFNTA! . ANAL YSIS.
X-RAY FLuORESCENCE: ANALY7ER~. ORTFC 5.110. 5.122

302 C 30? ). KIEV 18 285. CHEMICAL .. ANAL YSIS
X-RAY MICROANALYSIS SYSTEM. ORTEC MflL)F.!..

303 1 30? ). KEY IS 28€. LTVF/1)F.AD ORCANT F.M RATIO
ATP PHOTOMETER. JRB MODEL. 2000

304 1 304 > • KEY IS 297 OREANIC CONTENT
PRECISION OXYCEN. CARBON. ANt) NITROCEN ANAL YZERS

305. C 305. ). KEY 15. 788 oH
nH PROBF. HORIRA MODEL K-7

30€. C 30€. ). KIEV IS 289 OIL - CONTFNT
OIL CONTENT ANAL YZER . HCJP IRA MODEl... DM1’ A-POD

FOLI’I) 30€ IN 30€. RECORDS

B- 26
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