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INTRODUCTION AND PURPOSE

The work described iin this report was conducted to (1) identify technological changes
that will occur in the 1980-1990 time frame; and (2) determine the potential effect of
these changes on the operations of Coast Guard man-machine systems (MMS).

The rationale for technological forecasting is the advantage such forecasts provide
for planning the development or procurement of new systems and the adaptation of
organizational (e.g., managerial) structures to accommodate these new systems. The
introduction of a new technology may produce a new means of implementing an
established system mission, or it may permit that mission to be performed in the same
way but with greater efficiency. In the most extreme case, a new technology may siggest
an entirely new mission. Also, technological changes may require that a new job structure
be developed, as when a new device is required that demands additional personnel,
different, and/or expanded training, or a new procedure for conducting the mission,

Technological chauge is defined as an improvement ir ha'-are performance that
mainfests itself at the equipment/subsystem/system level. i improvement at the
component level is of little interest to the Coast Guard uniecss that improvement is
manifested in changes at a higher level. For example, the transistor was a significan:
improvement over the vacuum tube at the component level, largely in increased
electronic reliability. Its primary impact on personnel, however, resuited from the
advanced weapon, guidance, communication, and other operational systems that its use
made possible. In this report, primary attention will be paid to technological change as it
1s reflected at the device level, although the basis of that change at ti = coinponent ievel
will be documented.

A technological change is not important for Coast Guard purposes unless it produces
effects on the functioning of an MM5. Those effects can be categorized as follows:

1. Increase in performance capability (e.g., added sensitivity leading to increased
range in a surveillance system).

2. Increased reliability and maintainability (e.g., increase mean-time-betwecn-
failure (MTBF), easier accessibility for maintenance, reduced corrective maintenance
times).

3. Reduced cost.
4. Reduced packaging dimensions (i.e., reduced weight and size).

5. Increased capability to withstand environmental stressors. (As a resuit of
technological change, the equipment configuration can function under more adverse or
less optimal environmental conditions (e.g., higher or lower temperatures, incrcased
vibration).)

6.  Modiflec personnel reqiirements. This last effect can be described in terms of:

a. Change in the number of personnel required to operate and/or maintain the
technologically modified equipment. (Note: The change need not necessarily be

number of persc .nel required, the eifect of a change may be minimal or may even act 10
increase the number of personnel.)
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b. Change in the qualifications required of personnel to utilize the equipment.
(Note: Although it would be desirable for a technological change to reduce required
personne! requirements, it is conceivable that increased technological sophistication
would require a higher personne! performance level to utilize that sophistication.)

c. Change in the length and type of personnel training required.

d. Change in the manner in which equipment is utilized (i.e., changes in job
design leading to changes in procedures).

This report will emphasize changes in personnel requirements and personnel utiliza-
tion (the manner in which Coast Guard tasks are performed). The other change effects
that may occur (e.g., increased performance capability and reliability) will be considered
primarily in terms of how they impact on personnel and personnel utilization of the MMS.
In considering these technological changes, special attention has been paid to the
anticipation of potential iuture problems.

The organization of the report is described bejow.
I.  The Methodology Section describes how this effort was accomplished.

2.  The Technology Projection Section summarizes the conclusions derived from the
analysis of the various technological areas. Because much of the material on which these
projections are based is of interest only to a technology specialist, the supporting material
has been placed in an Appendix.

3. The section entitled "Coast Guard Missions in the 1990-2000 Time Frame" takes
the technological advances summarized in Section 2 and shows how they could be used in
Coast Guard missions of the future,

4, A final section, "Personnel and Man-Machine Implications of Technological
Advances," describes what effect the technological advarces will have on personnel, the
way they will have to operate and maintain Coast Guard systems, and implications for
equipment design and training.

METHODOLOGY

General Approach

To accomplish the goals of the study, a four-stage strategy was adoptcd:

1. Select the technologies (e.g., computers, engines, aircratt) whose changes would
be analyzed,

2. Select or devise a inetiwd of forecasting changes occurring in the selected
technologies over the time span 19280-1990.

3.  Analyze Coast Guard functions to determine where the selected technologics
would apply (Coast Guard Missions in the 1990-2000 Time Frame).

4, Determine the anticipated effect of the forecasted technological changes on
seiected Coast Guard functions (Pesonnel and Man-Machine Implications of Technological
Advances).
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The four steps above arc roughly sequential although obviously it is pocsible to
perform several steps concurrently. Each swp in the approach will be discussed
individually below.

Technology Selection

Technology selection can be accomplished in different ways:

l. Consider all possible technologies and select only those in which the greatest
changes (expressed in terms of R&D activities) arc occurring. (There right not be a very
close match betwecen technologies selected on this basis and the functions that are
important to Coast Guard missions.)

2. Determine major Coast Guard functions, and then find those technologies that
support those functions. For example, if communications are a significant Coast Guard
function, one would then select communications as a technolcgy for examination.

Since the limitations of these two approaches tend to cancel each other out, both
were used in this study. Examination of the Coast Guard mission suggests that the most
critizal funztions performed are: communication, navigation, surveillance, and informa-
twn processing. Using the SAR mission as an example, informr-ation relative to a missing
or sinking craft comnes into Coast Guard headquarters, is analy:ed {(e.g., to determine the
approximate area of the search, to determine what vessels ard personnel are required);
vessels navigate to the search area, and then perform surveillance in order to find the
object of the search. In the enforcement of laws and treaties (ELT) and marine
covironmental protection (MEP) missions surveillance and nav gation are critical tunc-
tiens.

The various technological areas were exarined for their degree of R&D progiess.
This examination suggested that major R&D activity was occurring in computers and
microprocessors, in infrared (IR) and laser surveillance systems, and in communications
equipment. All of these technologies are cignificant to the four critical functions noted
above, and were, therefore, selected for forecasting. Among the technology areas
selected, computers and surveillance systems were found to be of greatest {mportance 10
Coast Guard operations and these have been emphasized both in the forecasting process
and in the mission scenario descriptions.

Forecasting Method Selection

Although the number of gencric forecasting methods is limited, there are a lerge

number of individual variations (Figure 1). In order to understand which method wus
adapted for this project and why, it is necessary to review these methods.

The two general classes of forecasting methodology are Exploratory and Normative.
xploratory forecusting involves extrapolation from the past and present to the future. It
waurires that technological attributes generally advance in somme orderly manncr over
~se. By choosing appropriare parameters and piotting these in a time serics, onc can
exziend the series into the future, The exploratory method generally assumes an S curve,
vwith a slow start, exponential growth followed yy leveling off as some lim!t is approached.

The normative method assumes that techrology will be developed to satisfy «
specified need.  Nortnative forecasts identify some future objective and then work
backwards to detemine the technhological developments needed to achieve the objective.
The assurnntion is made that if the forecaster can project future needs, it |s possible to
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EXPLORATORY

Individual or "Genius"
Polls
Panels/Committecs
Delphi

Digitometer Exercise

Scenarios
Monitoring
Trend Extrapolation
Straight Line and Fitted Curve Extrapolation

Envelope Curve Extrapolation
Trend Correlation

Substitution Analysis
Biological Growth (Pearl's Law)
Hartman Model
Economic Growth (Gormpertz's Law)
Bisexual Reproduction Analogy (Lenz)
Acceleration Analogy (Adams)
Seaman's Model
Abt Model
Fusfeld Model

Precursive Indicators

Lontief Model
Lenz Learning Model

NORMATIVE

Morphological Analysis
Network Construction
Matrices
Technological Scanning
Contextual Mapping
Functional Array
Graphic Models
Decision Trees
Relevance Trees
Perspective Trees
(qualitative)
Objectives Trees
(qualitative)
Objective Trees
(quan-itative)

Cross-impact Matrix
Mission Networks and Functional Analysis
Systems Analysts
Impact Studies

Figure 1. The technological forecasting jungle.
(Excerpted from Lanford, 1972.)
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anticipate the factors driving technology. If a better mousetrap is desired, someone will
design it,

Cutting across the two general methods is another and perhaps more jmportant
dichotomy, objective and subjective. Actually it is incorrect o talk about a dichotoimy
because the methods distribute themselves over a single continuum in which some
methods are more subjective and others are less, but all are subjective to some extent.
Among the less subjective methods are those emphasizing trend extrapolation and
correlation, curve fitting, Gomperz curves, computer modeling, simulation, and gaming.
The more subjective methods involve variations on the Delphi technique (Linstone &
Turoif, 1979).

The forecasting approach taken in this study has focused on the exploratory m.ethod.
This is because we assunied that, based on the aralysis of Coast Guard operating programs
for FY 81-90 (Department of Transportation, Coast Guard, FY _81-90 Operating Program
Plan for the Scarch and Rescue Program, 1978; Department of Transportation, Coast
Guard, Marine Environmental Protection FY 81-9G Operating Prograin Plan, 1978; and
Departraent of Transpartation, Coast Guard, Enforcement of Laws and Treaties FY 81-9C
Operating Program Plan, 1978), those missions would be essentially the same in 1990 as
they arc now (with the possible exception of certain submarine functions rclated to deep
sea mmining, ranching, and farming). Since no new missions will be required of the Coast
Guard in the 1990 time frame, we could not anticipate new technologies specifically
designed to implemeni these new misstons. As may be seen from the material in Figure 1,
the methods available under the exploratory heading range from the highly subjective to
the somewhat less subjective are more quantitative,

Whether one can make use of any particular forecasting method depends on satisfying
a nuinber of prerequisites:

. Quantitative forecast methods {e.g., trend corrclation, fitted curve extrapola-
tions), require guantitative input data. Where input data are lacking, as is often the case,
the quantitative methods cannot be used.

2. The input data required for forecasting must be at a level corresponding to te
level at which one wishes to forecast. Much input data is either highly molecular,
describing the cormponents that make up a system (e.g., Charge Coupled Devices for
lasers) rather than the systems themselves; or cise the forecasts made are exireimely
general, describing for example the size of the market for a technolagy., For purposes of
forecasting technology useful for Coast Guard missions, the levei needed for prediction is
the equipment/system level, because this is the level--rather than that of compon-
ciits--that impacts on mission performance. The information available should be able 10
predict how ecntire systems utilizing a technology would perform rather than how the
components used in that system perform.

The strategy adopted for this research is sumrnarized under the following headings:

Eriphasis on System Applications of the New Technology. Technological impact is
feit at the operational system level rather than at the system component icvel.
Developments in Charge Coupied Devices (CCD), for example, are irrelcvant o Cousi
Guard purposes untess CCDs lcad to and are incorporated into improved laser, infrarcd, or
other operational systems. Only then do they impact on system performance and
peisunmnes.

eview of the Available Litzrature.  All avaliable sources of data were expiored

(e.g., Defense Documentation Center (DDC) files and professional journais). As mdicated
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previously, this survey yielded 3 good deal of material indicating anticipated changes at
the component level but little at the equipment/system level.

Consultation with Lxperts. Specialists at the Naval Ocean Systems Center (NOSC)
and the Navy Personncl Research and Development Center (NAVPERSRANDCEN) in the
areas ~f computers and sensor technology were consulted. Material was aiso secured from
private companies researching and developing new technology in these areas.

Analysis of the Techrology. The data gained from the sources listed above were
analyzed to supply answers to the following questions:

l. What developmentsfadvances are likely to occur in each technological area
during the 1983-1990 time frame?

2. At what year will each change/development become available for incorporation
into an operational equipn.ent/system?

3. What would an equipment/system embodying the technological development
probably be like in terms of:

a. Capability (humber of functions perforimed).
b. Capacity (e.g., memury storage in computer).
¢c. Speed of response.

d.  Range.

e. Sensitivity (e.g., to certain light spectra).

f.  Phvsical size.

g.  Resolution.

h. Weight.

1. Cost.

jo  Power requirements (amount, type of clectrical power necded),
k. Reliability,

(1) Mean time between failures (MTBF).
(2} Anticipated availability (up time/total time),
(3} Performance degradation tolerance (operation at partial levels).

I, Maintainability,

(1) Mean time to repair (MTTR).
(2) Maintenance philosopliv.

(a) Remove-replace.

(b) Repair aboard ship.

(c) Depot maintenance only.

(d} Maintained by operator.

(¢) Maintained by special maintenance techn.cian,

m. Resistance to environinental stressors (e.g., shock, vibration, temperaturce,
humidity, electromagnetics, etc.).

Application of Technological Findings.  The findings derived from: analysis of the
Application ol cehilologlia: 1) S >

technology were then applied to the Coast Guard missions in the following wavs:
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1. Mission functions in three Coast Guard missions--Search and Rescue (SAR),

Enforcement of Laws and Treaties (ELT), and Marine Environmental Protection
(MEP)--were plotted in graphic (flow diagram) form.

2. An analysis was performed to determine which functions in the three missions
were most critical. Criticality was determined by combining the following factors:

a. Number of alternative ways to perform the function.
b. Probability of personnel error in performing the function.

c. Effect on satisfactory completion of the mission if the function were not
performed or performed poorly.

3. Those functions that could be implemented or alded by advanced technology.
were identified on the mission flow diagram.

4, Each selected function was examined and described in terms of the alternative
ways in which the function could be performed making use of the advanced technology.

TECHNOLOGICAL PROJECTIONS

Introduction

Advances, sometimes dramatic, are being made in all four of the technological areas
selected for examination in this report. As was mentioned in the methodology section,
technological developments are useful and meaningful for Coast Guard purposes only when
they describe hardware at the equipment and system level (i.e., as characteristics and
capabilities of operational devices and equipment). The reports of technological develop-
ments that were reviewed for this report were found to be heavily oriented toward the
component rather than the system level of description.

It was therefore necessary to extrapolate system conclusions from the detailed

component data gathered; these conclusions are presented in this section. Readers
interested in the detailed forecasts from which these system conclusions were derived are
referred to the Appendix.

Computer Technology

Advances in computers and computer technology will appear in three ways: (1) in
computer systems (i.e., information storage, processing and retrieval systems), (2) in
microprocessors and microcomputers as components of computerized or computer auto-
inated systems, and (3) in adaptations of computer technology to other technologies (e.g.,
solid state sensors).

Computer capacity, speed, sophistication, and operational reliability in both hardware
and software will continue to increase while dimensional size, weight, power require-
ments, and functional cost will continue to decrease. Distinctions among categories of
computers will continue to be vague as microcomputer capabilities encroach upon or
surpass previous minicomputers, minicomputers move into the macrocomputer capability
range, and macrocomputer capabilities will become even greater.

Advances in computer memory will permit relatively small computers to store and
process vast amounts of data and information. Thus, it will become feasible for individual
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Coast Guard bases and stations to employ "locally owned" computers for direct storage of
many administrative, logistic and other records, information instructions, etc., as well as
operational data and information needed for the planning and execution of the installa-
tion's functions. In addition, data telemetered from remote sensors, satellites, or other
sources could be entered automatically into computer memory. All this information, as
appropriate, will be instantaneously available for planning and executing’ command
decisions. Data processing speeds will permit essentially real-time interaction with the

computer.

Operator inputs to the computer will continue to be made by means of conventional
electromechanical devices such as key pads, ball tabs, thumb wheels, light -or touch pens,
and "joysticks." In addition, inputs may be made by human voice using minimally

restricted vocabulary.

Computer output to the user-operator will continue to employ conventional digital
readouts, printed page or strip, and cathode ray tube (CRT). Large sareen, flat, high
resolution dlsplays will also be used. The large screen wili permit virtually photographic-
quality imaging, split-screen presentation, magnification of all or portxons of the display,
presentation of maps, graphics, formats, and overlays.

Computational capabilities will provide practicallv instantaneous solutions to
problems such as development of a SAR plan for command consideration and decision.
Capabilities will also permit base station monitoring of plan execution by means of real
time display of data/information transmitted or telemetered from on-site sources.

Computers will be available for installation aboard medium endurance cutters. Such
machines probably would be oriented toward computerization of various administrative
functions and computer monitoring and/or control of shipboard operational systems (e.g.,
propulsion, sensors, etc.).

Microprocessors and microcomputers will be embedded as components in.a growing
number and variety of operational systems. These computer components will perform the
following functions: (1) analog-to-digital conversion and process control functions, (2)
translation of operator commands into digital form for execution by the system proper, (3)
control of system functioning in accordance with those translated commands, (4)
monitoring and adjustment of system operating characteristics for optimum systemn
performance, and (5) monitoring of system functioning and alerting of the operator to
performance degradation andf/or incipient faiiure. In sensor . systems they will’ process$

incoming data for maximally meaningful display to the operator. Operators-will control -

their equipment systems through mediating computers. Indeed, the embedded computers
will permit operation of systems from centrahzed consohdated even distantly remote

controf centers.

Adapation of computer technology to other technologies will be discussed below
under the sensor technologies.

Infrared Technology

While infrared (IR) technology is approximately 180 years old, it is only within the
last three decades that the technology has produced practical operational devices and
systems. This has been due to a variety of problems and limitations inherent in the
technological field. Good progress is being made but no major breakthroughs are

anticipated.
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The family of Forward-Looking Infrared (FLIR) systems is currently the most
advanced and successful of [R sensing systems. ‘nhey are relatively large, heavy, costly,
and the necessity for electronically "trimming" the separate amplifiers for each of the
100 or more detectors in the array imposes an undesirably heavy maintenance burden,
FLIR systems are capable of an image resolution comparable to TV.

One of the major problems in the development of IR systems has been the need for
. cryogenic cooling of the detectors. The 1980s will see the emergence of a solid-state
) thermoelectric cooled focal plan array FLIR and possibly an uncooled IR imager. The
- extention of concept and construction of charge~coupled devices (CCDs) from computers
into the IR field will be a major advance. The use of CCDs permits integration of signal
processing with the detector array. This, in turn, will permit real-time operation ~f IR
' © reconnaisance systems with direct linking of imagery to a remote command center,

A multispectral IR scanner (i.e., a single device operating in several IR frequency
ranges), is unlikely in the foreseeable future. Within the 1980s, however, it wili be
entirely feasible to integrate several IR (and other) sensor systems to provide multi-
spectral data for purposes of pollution detection, etc.

Laser Technology

Laser is an acronvm for Light Amplification by Stimulated Emission of Radiation.
Laser technology has advanced from a mere laboratory toy to an advanced technology in
only about two decades, A laser device produces an extremely narrow, highly directional
beam of light. This light beam tends to be scattered as it passes through the atmosphere.
Certain light frequency bands are less subject to this scattering than others, Thus,
developments in laser technology, like those in infrared, have been restricted to u
relatively limited number of frequencies. Like IR also, many laser generating materiais
> require cryogenic or thermoelectric cooling. Refinements and evolutionary developments

can be expected in basic laser technology, but dramatic breakthroughs within the 1980s
are unlikely. Advances will be primarily in the areas of laser applications.
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A "ring laser gyroscope" (RLG) having an accuracy of about that of an inertial
system, but at about half the cost and over 10 times the performance reliability, should he
available by the mid-1980s. A "laser radar,”" functioning much like conventional radar but
utilizing laser beams, may be available ir, the late 1980s. The technical feasibility of a
scanning laser system for charting coastal water depths has been demonstrated. Accord-
ing 1o Optics and Laser Technology (August, 1978, p. 163), the system will also be tested
for tluorosensing ability to detect and identify oil spills, pollutants, and algae. Such a
system arpears to have potential for a variety of Coast Guard applications. In addition to
the ubove, advances utilizable by the Coast Guarr can be expected from military research
to develop laser systems for target detection, location, ranging, and tracking.

Laser and IR systems for reconnaissance share one functional restriction. They arc

3 : tinited to line-of-sight operation. Thus, the higher above ground or sea level they can bc

thounted, the greater their operational range. For Coast Guard purposes, they would hest

. ve used as airborne systems. Since they do not require immediate direct control and

: operation, the sensor or transceiver can be located at any distance from the operator. A
reimotely piloted vehicle (RPV) would be an ideal platform for Coast Guard deployinent of
these systerms.
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- Another major area of application of laser technology is in the ficld of communica- 1
3 tions. This will be addressed in the foilowing section. 7
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Communications Technology

Electronic communications systems in the past have employed modulated sinusoidal
carriers almost exclusively. Spectrum (1978, 15, p. 31) notes that general periodic wave
carriers, usually as rectangular pulses, are attracting growing interest. This Pulse-Code
Modulction (PCM) offers a variety of advantages. It immediately increases the capacity
of the transmission medium. Standard telephone cables, for example, can carry twice the
traffic with PCM than conventional. For long distance transmission, the signal can be
regenerated virtually an unlimited number of times, but fewer repeaters aré needed for
PCM than conventional. It is also very tolerant of interference. .

The higher the frequency of the transmitting beam the more information it can carry.
Light beams can have frequencies millions of times higher than those of radio waves,
Thus, conventional radio communications can be expected to give way to "digital radio;"

increased development of communications systems utilizing light beams can be’ ant1c1—

pated. Lasers probably will be the primary light source for these systems.

The limitations of lasers within the earth's atmosphere have already been mentioned
(i.e., line-of-sight operation and the dispersion effect of clouds, mist, fog, pollution, etc.).
These limitations would be minimal for systems operated at altitudes above atmospheric
interference or at frequencies to which the interference is relatively transparent. It is
important to note that laser communication does not require continuous transmission-

reception. A "lasercom" system has already been demonstrated that is capable of a-

gigabit data rate (i.e., one billion pulses--the equivalent of the entire Encyclopedia
Britannica--per second). Thus, only a brief "hole" in any interference condition would
permit vast amounts of information to be transferred.

"Fiber optics" is the current "glamor boy" of communications technology. Optical
fibers transmit light energy in much the same way that metallic wires transmit elzcirical
energy and can be used in many applications where wire has been used. The inherent
advantages of fiber optics, coupled with the rising cost and scarcity of wire metals, give
grounds for expecting fiber optics generally to replace metallic wire wherever possible.
The first conversion will probably be that of telephone lines. The combination of

dramatically higher data transier rate capability of light versus electrical frequencies and

the employment of pulse-code modulation promises vastly increased telephoni¢ communi-
cation capacity. Replacement of wire aboard ships and aircraft will -probably foHow.

Fiber optics require that the transmitter incorporate a light source and that the
receiver incorporate a light sensor. Current transmitters employ solid-state light
emitting diodes (LEDs) and injection lasers as light sources. Receivers depend on
avalanche photodiodes (APDs) and PIN photodiodes. Neither of these embodies all of the
desired characteristics of low noise, broad range sensitivity, low power requirements,
terperature tolerance, and low cost. Further developmental progress is necessary.

The conversion to pulse-code modulation, fiber optics, digital radio, laser communi-
cations, etc., combines to offer the potential for unprecedented computerization,
automation, and integration of many communication and operational control functions.

Functional impacts

The four technological areas discussed were selected becausé of their potential
impact upon the four critical Coast Guard functions of commumcatxon, navigation,
surveillance, and information processing.
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It seems likely that the technologies will have minimal effect on navigation. Laser
gyroscopes may provide a better way of doing wiai inertial gyroscopes now do, but it is
questionable at this time whether they will provide significantly more precise data. None
of the technologies appear to offer putential for improved navigation over the precision
now offered by LORAN C or possible navigation satellites. Use of either or both of these
two navigational systems will, however, be enhanced by the projected advances in
communications and computers.

Coast Guard surveillance capabilities will be greatly affected by improvements in
infrared and laser sensor systems, especially if these systems are deployed in RPVs, Use
of these sensors, with automatic telemetering of information to the shorebased command
center, should result in dramatically improved and more effective surveillance/search and
response operations.

These improvements will, in part, be a function of improved communications. The
way in which an individual communicates (e.g., by telephone, radio, written notice, etc.),
may not change. The way the systems transfer the content of such cornmunications from
otiginator to recipient will be very different and more reliable. Advanced communica-
tions systems will permit the automatic transfer of vast amounts of data and information,
including such real time transfer of surveillance sensor data as mentioned above. This
wiil give commanders unprecedented bases for their decisions and actjons.

Large quantities of information can, of course, be more harmful than helptul if not
appropriately presented. Communications systems will be fully capable of transferring
far more information than a human can possibly handle in real time. Advanced computers
will be able to process these data and present it in the manner most meaningful and useful
to the system operator. The computer will also be able to acquire, process, and store
much of the administrative information that now requires the attention and time of
human processors. The commurications and information processing functions are there-
forc likely to be most affected by the technologies surveyed for this report.

As was pointed out previously, IR and laser capabilities are line-of-sight limited.
Consequently, their surveillance capabilities cannot be considered apart from the vehicles
that will transport these systems to the area to be investigated. Two such candidate
vehicles are the space satellite and the RPV,

it is outside the requirements of this effort to examine the space satellite and RPV as
technological systems whose progress is to be forecast. The orbiting satellite used for
miliiety surveillance purposes has been state-of-the-art since the early 1960s. A series of
such satellites can be orbited to maintain continuous surveillance over any area (limitcd
only by the number of satellites needed to cover that area). Sensor resolution, although
highly classified, is apparently good enough to identify types of vessels over [0 fcet in
length.

RPVs are largely experimental craft but their potential is enhanced by the ongoing
development of long-range cruise missiles. In considering RPV capabilities, the authors
nAave used anticipated cruise missile capabilities (e.g., variable altitude and speed) as the
basis for projections of what will be possible with RPVs in the 1990-2000 time frame.




COAST GUARD MISSIONS IN THE 1990-2000 TIME FRAME
Qverview

This section describes three major Coast Guard missions (SAR, ELT, and MEP) as
_they might be performed with the use of advanced technology in 1990-2000. There is no
reason to believe that these missions will be less necessary in the future than they are
today. Conceivably the Coast Guard could be mandated with completely new missions at
that time, but it is beyond the scope of this study to project these,

Although the Coast Guard will still continue to perform SAR, ELT, and MEP missions
in 1990, these missions will change: (1) the environment in which these missions will be
performed will be expanded, and (2) the manner in which they will be conducted will
change if advanced technology is applied. The scerarios described below assume that the
Coast Guard will take every possible advantage of technological chiange. Restrictions of
finance and governmental authority may make impossible full development® of Advanced
Technology Systems.

These scenarios indicate the critical functions in which new technology could most
profitably be employed and how they would be employed. In a }ater section, the
implications of using that technology Ior personnel and man-machine interactions will be
examined,

The new environrnent to which Coast Guard missions must be expanded is under the
surface of the ocean. In an earlier study completed for the Coast Guard by Williams et
al.,, (1978) it is stated that:

... we envision significant changes in underwater activities,
Virtually all of these developments entail substantial implications for
the Coast Guard,

¢ Some major changes will occur in traditional concepts
of marine military operations. The underwater arena
will become proportionately more important. There
will be substantial growth in the type and scale of
military activities in the underwater environment.

e Non-military operations concerned with the protection
of property and life will also expand dramatically as a
result of the: growing range of underwater activities;
growth in antisocial technologies through which to
disrupt marine activities; growing probabilities that
such technologies can and will be used in extra-legal
ways; growth in capabilities to predict natural catastro-
phies; and growing potential for accidents.

e The marine environment will become much rnore in-
volved with economic activities in all significant cate-
gories: energy, mining, marine agriculture, transporta-
tion, rnanagement of the injection of foreign elements,
and recreation.

e While we do not believe extensive underwater habita-
tion will occur as a permanent alternative to land based
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living, we do foresee some tcinporary human habitats to
serve functional or recreational purposes.

e Requirerents for and technolegies to achieve surveil-
lance and monitoring will be a dynamic area.

e Sclentific research will continue in a growing number of
areas.

e Regulations, standard setting, enforcement and
inspection requirements will grow substantially
and they will cover a number of new fields. (p.
1-1)

It is quite possible that 1990 will see only the introduction of underwater farming,
fishing, ranching, and mining; but thereaftec through the end of the century these
activities should increase rapidly, One can, therefore, anticipate some underwater
habitats (facilities in which to work and possibly even to live for extended periods of
time), an increased use of recreational, and even more import.ontly, commercial submarines,
much improved 1individual diving apparatus, and tools especially adapted to subsurface

operations.

Assuming the accuracy of this projection, it is probable that the only governmental
resource available to perform SAR and MEP underwater missicns will be the Coast Guard.
It is hypothesized that the Navy will be fully occupied pariorming its military responsi-
bilities of safeguarding maritime security and will not be available for SAR and MEP
underwater missions, The Navy will be required to perform underwater ELT missions
(e.g., terrorists transitting in submarines, illegal underwater fishing), insofar as they
involve submersible craft and overlap so much with the Navy's antisubmarine inission.
Table 1 presents a detailed list of Coast Guard missions in 1990.

The Search and Rescue Mission

introduction

In 1990 the Coast Guard will still be required to perform its SAR mission because
ships and aircraft will still become lost and/or sink. The volume of SAR will increase
because of increased use of recreational vessels. The recreational and commercial
civiiian submeisible with sizes ranging from one man boats to large, multi-man cargo
carriers will see increasing use. Since submersible craft function in a more complex
environment than do surface craft, one would anticipate a disproportionate increase in
percent of submersibles requiring SAR. (In addition, such craft will require inspection and
certification; users will have to be licensed to operate them. This couid be an additicnal
Coast Guard responsibility under ELT because the Navy would have no authority over
rivilians,) Rescue of sick or injured personnel aboard offshore oil rigs will also be
necessary. Personnel living or working in the subsurface habitats may become sick or

injured and need Coast Guard assistance.

Qf the six SAR missions listed in Table 1, only two involve submersibles or subsurface
environments and the frequency of subsurface SAR missions is not expected to be great.
When these do occur, they will present substantial challenges to the Coast Guard. The
technology involved changes markedly for both surveillance and rescue functions. Some
of the sensor technology useful for surface operations (e.g., IR and radar) cannot be used
in the subsurface environment and attention must now be directed toward acoustic (sonar)
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imagery. The rescue technology for the subsutface environment must involve sub-
S mersibles of various sorts: subinarines, diving bells, hard hat, and scuba diving apparatus
with underwater communications.

4 R Table |
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E | Coast Guard Functions Performed in 1990

Functions Problems

A. Search and Rescue: 1. Lost or sinking recreational and com-
mercial vessels
2. Lost or sinking commercial and rec-

reational submersibles )
Lost or downed aircraft C
4. Personnel aboard oil rigs in need of

assistance
5. Personnel missing or injured in sub-

surface habitats (e.g., farms, mines)
6. Transportation of injured or sick

aboard surface ships

W
.

T

B, Enforcement of Laws 1. Protection of offshore oil rigs against
and Treaties: criminal elements (e.g., terrorists).
(Navy may bandle subsurface protection.)

2. Inspection of offshore surface and sub-
surface habitats for conformance to
safety regulations

3. Inspection of all surface and submersible
vessels for conformance to legal and
safety requirements

4. Licensing of personne] to function in
subsurface jobs (e.g., mining, ranching,
etc.)

5. Prevention o; iii~gal surface activities
within the 200- r:ile limit, (Navy may
handle subsurface prevention.)

6. Monitoring of surface vessels to ensure
conformance to treaty provisions for
fishing, waste disposal, etc.

(. Marine Environmental 1. Surveillance of surface and subsurface .
Protection: areas to detect and track pollution -
2. Clean-up of pollution (e.g., oil leaks,
chemical and radiological pollution, un-
acceptable waste disposal)
3. Inspection of surface and subsurface
habitats and vessels for conformance to
environmental standards




ey

A ey

Ll dol,

Ll

Performance of the search and rescue mission for lost or sunken submersibles may
require these vessels to carry something equivalent to an acoustic EPIRB (i.e., emergency
position indicating radio beacon), automatic signalling apparatus that would be activated
by the submarine's crew as soon as an emergency arose. This would largely obviate the
need to make sonar searches to locate the submersible. Neverthelzss, the Coast Guard
would have to have a sonar capability for those hopefully rare situations when the location

-of the submersible is unknown. Fixed underwater habitats (e.g., mines, farms) would also

require an acoustic EPIRB although their location would be quite precise. -Personnel
hoping to work in such habitats would have to have special training and licensing before
the Coast Guard could permit them to work underwater.

The advanced technology available for {990 missions will be needed infrequent!y. To
the extent that missions involve only simple situations (e.g., a motor yacht out of fuel and
drifting) present Coast Guard technology will probably suffice as well as anyting more
sophisticated. The advanced technology will exist to be used when required by complex
situations, but it is unlikely to be in constant demand.

Description of Search and Rescue (Surface) Functions

1.  Receive distress message from

Radio

Telephone

Radio/teiephone

Transponder aboard vessel (e.g., EPIRB)

ooge

it is assumed that in the 1990 time frame most distress messages will be
received as they are now, via radio, telephone, or radio/telephone. In the event that the
vessel possesses a transponder (e.g., EPIRB) its activation will automatically alert the
Coast Guard station to the distress situation. EPIRB-type signals as presently utilized do
not automatically localize the vessel's position (this must be done by triangulation from
bearings received by at jeast two separate receiving stations).

2. Collect information about distressed vessel

a. Position (geographic coordinates)

b. Vessel condition (e.g., speed, direction of movement, vessel drift)
c. Weather

d. Sea state

Once a distress call has been received, the most important questions to be
answered are: where is the vessel Jocated; what is the vessel's condition; and what are the
climatic and sea conditions at the vessel's location? Should precise vescel location not be
available the Coast Guard should have two resources available to it: (1) satellites orbiting
the earth in such position as to command continuous surveillance of the coast line and
offshore areas, and (2) Remotely Piloted Vehicles (RP’Vs) similar to present drone aircraft,
cepable of being launched from a Coast Guard station, flying prede :ermined or manually
controlled search patterns, telemetering sensor information and geographic coordinates to
a computer and returning to the Coast Guard station. Satellite surveillance will provide
continuous monitoring of all vessels (at least 10 feet or longer). The satellites will also
have the capability to pick up EPIRB type signals and relay them to the Coast Guard
station. Since at least two satellites will be required to provide continuous coverage,
each in a somewhat different position relative to the EPIRB signal, they can be used for
triangulating that signal. RPVs will provide periodic or emergency surveillance with
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somewhat finer detail than can be provided by satellite. (Consideration of cost factors is
not provided here. It is recognized that the development of resources such as these would
be expensive and it is anticipated that the Coast Guard would perform cost effectiveness
studies before adopting any new technology.)

The orbiting satellites (multiple to provide 24 hour coverage) will be provided

“'with photographic/television and IR capabilities with a sensitivity equal to or greater than

current spy satellite resojution (this resolution is highly classified and cannot be reported
here). Sensor information from the satellite will be telemetered back to the Coast Guard
station where it will be processed by computer,

Although the satellite provides 24 hour data, its output need not be monitored by
the Coast Guard on a continuous basis (although it may wish to do so as a matter of
policy). The computer operator may interrogate the computer at any time, when he does
s0, he will be able to select from a "menu" any one or more of a number of functions, e.g.:

a. Sensor type (photo,TV/IR)

b. Total area coverage

c. Selected subarea coverage f(according to coordinates specified by the
operator)

d. Selected time periods

e. Selected vessel sizes

f.  Selected vessel travel directions (e.g., south southwest)
g. Position of all vessels at any specified time period

h. Time-compression presentation of all vessel tracks over a specified time
period

i.  Hard copy printout or microfiche reproduction of data

j. Weather inforrnation (fed in not from the satellite but from a central
meteorological station)

k. Sailing data for all vessels filing this information

l.  Alternative search patterns with computer probabilities of search success

m. Resource availability information (e.g., availability of cutters, aircraft,

n. Composition and transmission of required Coast Guard reports to head-
quarters

o. Transmission of selected search pattern coordinates to RPV

p. Reception and processing of RPV telemetered data

Selection of command input or data request might be on a verbal basis. A
keyword representing the program for a category of information would be spoken to the
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computer, which would then call up the appropriate program. (Verbal inputs to computers
consisting of one or two words from 4 limited vecabulary are presently standard and will
be much increased by 1990.) If the operator did not recall all possible categories he could
then ask the computer to either display or even to speak the list. The information
supplied by computer would be presented on a large screen display tied to the computer,
The display would have the capability of magnifying any desired screcen area or of being
split into subsections with each subsection prasenting a different type of information.

Since the satelli.e is telemetering information continuously, it would rapidly
overwhelm coemputer core storage; hence, the computer is programmed to make a mass

"dump" of its data once every 24 (or other period) hours to magnetic tapes that can store
the information indefinitely.

The computer would be used to attempt to determine vessel location only when
other information {e.g., from EPIRB) was not available. This determination would be
based on deduction from partial cues such as the vessel's size and speed and other
information such as any travel plans filed. The computer operator wishing to determine
the coordinates of the distressed vessel might, for example, indicate to the computer the
last known location of the vessel, its relative size, and direction of travel. The computer
would then output all coordinates for vessels in the area specified that have the desired
size and travel direction. This output would permit the computer operator to select the
best SAR plan available to him.

3. Develop SAR plan

a. Determine that available information is sufficient to develop (or utilize .n
already available) SAR plan without computer-aiding.

b. Develop/select SAR plan.

c. Determine which SAR units are available.
d. Select appropriate SAR units.

e. Dispatch SAR units,

In the great majority of cases the vessel location is known relatively precisely or
is within a short distance of the land, so that the SAR plan is either obvious or can be
developed without computer assistance. In that event the sequence of steps listed above
are obvious and require no special technology. If the number of SAR units available to the
dispatcher is sizable, the computer can be used in its bookkeep.ng mode to list thosc units
immediately available. Where the vessel location is unknown and the emergency situation
is so complex and serious that an already available SAR plan cannot be used (duty officer's
judgment), the officer on duty will command the computer to develop the SAR plan.

Among the computer facilities available to the Coast Guard officer is a software
program dedicated to planning. This program can be activated by inputting a keyvword
{identifier) either verbally or by typing it on the computer keyboard. The computer will
respond by asking for the incident number assigned to the emergency. The program will
immediately incorporate all available information in its memory banks about the target
vessel and will procede to output the following:

e Area to be searched (geographical coordinates plus picterial map display)
@ Search patterns to be followed (pictorial)
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SAR units required and available

Time period in which search is to he conducted
Weather predictions for search area

Estimated success probability of the search

The computer will provide alternative search scenarios if the officer indicates
that he rejects the first scenario presented, or if he adds or changes an item »f

“information about the emergency. After the officer has decided on the SAR plan he ..:lI

accept, he requests a hard copy printout of the material that has been displaved (for
station files). Concurrently, a copy of that scenario is automatically transmitted by the
computer over telephone lines to Coast Guard headquarters.

(At this point it might be desirable to point out that all computers of this time
period can be used to compose and transmit to any other Coast Guard station documenta-
tion reports and other messages. Report formats will be pre-structured so that it will be
necessarv merely to indicate the item number in the report and the information it should
contain; the computer will format that report and transmit 1t after receiving authoriza-
tion. It will be possible to compose reports verbally.)

k. Conduct search

The present method of locating a missing vessel or one in distress whose
coordinates are imprecise, is to launch an air or sea search. The restricted speea and
range of helocopters and cutters make it difficult for these units to cover large areas
quickly. In the 1930 time frame, electro-optical surveillance capabilities will be such that
only a method of placing these capabilities into position will be needed to make use of
thein. The method of delivering the surveillance will be the Remotely Piloted Veiucic
(RPVY), which will be launched from the Coast Guard station.

(The Coast Guard has been investigating the launching of RPVs at sea from the
deck of cutters. This pracedure, which would be verv difficult because of the unstable
platform resulting from sea motion, is unnecessary because the range of the RPV in 1990
will probably be somewhere between 500 and 1000 miles. This will make it entirely
feasible to base the RPV on land.)

The RPV will be launched from a special launching platform located external 1o
the staiion, in much the same way that a small missile is presently launched, after a
number of checks of its operational readiness. The search pattern the RPV will {ly has
been output as part of the SAR plan. Should the duty officer decide to make use of an
RPV for search purposes he does the following:

a. Orders the computer to transmit search plan coordinates to the RFV, which
has both terrain following (coast line) and inertial guidance (open sea) capabilities.

b. Orders the RPV operator to select one or more of the sensor capabilities the
KV pussesses: photographic, TV, or IR (for night time or foggy conditions).

Prior 10 the start of an RPV mission, the RPV operator located in the control
room {which contains the RPV console, associated display equipment, closed circuit TV,
and the computer referred to previously) runs through a pre-start checkout from his
consale. Once an OK has been received from the automatic checkout instrurnentation in
the console, and upon command of the duty officer, he launches the RPV. Activation of
the search pattern in the RPV alse automatically outputs a cathode ray tube (CRT) map
display that pictures RPV position in relation to rnap coordinates and also to the proposed
search pattern, which is overlaid on the electronic map.
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The RPV is programmced to follow the search plan as developed by the SAR
computer. During its flight, it automatically transmits signals representing the imagery
its sensors pick up. Upon order from the the RPV control console, this imagery is
presented on the large screen display associated with the computer. Thus, the duty
officer and RPV operator can view inreal time what the RPV is viewing.
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The search plan specifies an altitude at which the RPV is to fly, depending on
weather conditions. The RPV cperator can override the search plan instructions and
; assume manual control based on a TV presentation of what the RPV is seeing. To fly the
RPV manually, he has a 6 degree of ireedom joystick that enables him to change bearings
T and increase or decrease altitude., He may require the RPV to orbit any object for which
| longer surveillance is desired. When a target is spotted, the operator may require the
4 RPYV to fly lower and circle the target until the operator determines that the craft is in no
' danger. For this purpose, the operator may activate the zcom feature of the TV
instrumentation.

All signals received from the RPV are stored in the computer for 24 hours and

then transferred to magnetic tapes. Accompanying the sensor imagery are the geographic

; coordinates at which the imagery was received. These coordinztes will be used to direct
‘ SAR surface units to the distressed vessel.

When the distressed vessel is iocated, the RPV is ordered to orbit the vessel and
provide continuing TV coverage until the SAR surface units reach the scene. The duration
of this orbit depends, of course, on the amount of fuel available. The RPV operator
monitors displays on his consoic that indicate the amount of fucl remaining. When
returned to the Coast Guard station, the RPV is retrieved.

5.  Perlorin on~scene rescue activitics

As indicated in the previous section, surface and/or air SAR units have been
proceeding to the location of the target vessel. The actual rescue function requires ships
and/or aircraft because the RPV, being small, cannot be used for such functions as
dropping life rafts, life vests, extinguishers, etc., and actually picking up and transporting

, rescued personnel. Surface rescue efforts will be performed in 1990 essentially as they
are today., Consegquently, no extended discussion of this function is needed.

| Description of Search and Rescue (Subsurface) Functions

r 1.  Receive distress call from

a. Emergency signal
b. Report of overdue submersible

1f a civilian submersible encounters a difficulty, it will signal by activating an

EPIRB type signal that will be reported to the Coast Guard station. Alternatively,

information received from the Navy or other civilian sources about an overdue sub-

nmicrsible will initiate emergency activity, Emergencies could also be signaled by

. subsurface habitats. which activate an emergency signal. Presumably the habitat would
have some routine means of communicating with the surface.

2. Coilect information about submersibles

a, Position
b. Condition of submersible (e.g., depth, damage)




c. Weather
d. Sea state

Collecting information about a submersible in trouble presents the Coast Guard
with problems somewhat greater than those presentcd by surface ships in distress because

of subsurface operation. Military submarines presently possess radio devices comparable . =
= to the EPIRB. The submarine surfaces a buoy on the end of a cable and the buoy contains T
a radio apparatus that automatically emits a distress signal. The signal does not locaiizc =

: the submarine's position, but can be calculated by triangulation from receiving aircraft or

ships, Depth information 1s not included in the distress signal, however, orce the =5
submarine's position is fixed, charts cf the sea bottom will indicate the sub's depth, B ' g
' Civilian submersibles should be required by law to possess the locator equipment é
described in the previous paragraph. Triangulation can then be achieved using two or L=
more sateliites with very sensitive receiving apparatus in orbit over the coastal area. 4
Satellite data will then be transmitted automatically to the Coast Guard station 3

computer; a special software program receiving and processing such distress signals will
automatically alert the Coast Gua:J duty officer to the occurrence of a downed
submersible.

The state of technology in 1990 will make available distress signalling apparatus,
which can monitor critical parameters and transmit simple messages des: ribing the depth
of the submarine and the condition of the boat and crew. This information would, of
course, he of tremendous value to the Coast Guard for both search and rescue and post
incident investigation. Radio alerting apparatus data can be computer displayed on a
large screen.  Depth of the submarine could be ascertained from a chart of the sea
bottoin. Weather information would be derived from the computer's continucusly updated

files of radio weather reports for various continental shelf areas. Sea state information
rnight also be available.

3. Develop SAR plan

i T il s

No SAR plan would be required if the sub's position were Incalized as described
in 2. If no distress reports were made and the submarine were overdue, however, it would
be necessary to mount a search, Under these circumstances the computer would be asked

- to prepare a set of search plans based on whatever information about the sub (e.g., its
projected sailing plan, size, speed, etc.) the duty ofricer could input to the computer. The

computer would output alternative search plans as uescribed in the section on surface
search.

g -,

4. Conduct search

Assuming that the location of the submarine is ¢ ily approxiinaie, it is expected
that search for it would be accomplished primarily by sonar and underwater television.
Initial secarch might be conductec by a helocopter using "dipping' sonar or by a cutter with
high precision sonar to locate the wreck. Once the submarine has been located, primary
ciphasis would be placed on securing (niormation about the submarine and crew
coendition.

The technology presently exists (e.g., the Navy's Min: Neutralization Vchicle
(MNV)) to dispatch a tethered unmanned vehicle with short range sonar and photographic
capzbilities to swim to the site of a downed vessel and report back precisely where 1t is.
In the MNV mission the vehicle is launched from the surface at a point several hundred
yards {rom the mine, finds the tnine by means of sonar and when it reaches the immediate
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vicinity of the mine the operator (on the surface) switches to photographic display. Such
a system could be used to locate and inspect a uswned submarine or the entrance to an
underwater habitat, A subsurface vehjcle might be required to reach the site of an
underwater emergency. The vehicle will either be a submarine specifically designed for
rescue purposes, to clamp to a distressed vessel with provisicns for entering that vessel;
or a diving bell, Subsurface SAR missions may also require personal equipment such as
diving suits. In any event, the technology to permit such rescue activities is either

i .
|

Enforcement of Laws and Treaties

Introduction

The types of threats to be countered in the 1990-2000 time frame are roughly the
same as those presently encountered. Smuggling, illegal immigration, and hijacking will
almost certainly continue and there will be increased emphasis on maintaining surveil-
lance over fishing ships frorn other nations. To the extent that the tcrrorist threat
continues to escalate, much more attention will have to be paid to this quasi-inilitary
: activity. The mode in which these criminal activitics are carried on may change. An
increasing number of terrorists may make use of submersibles. Hijacking raids on
supsurface mining operations and terrorist raids on offshore oil rigs are quite possible.
The detection and apprehension of subsurface malefactors will be a particularly difficult
problem for the Coast Guard.

s e e s b1 o= el e, e ik

ELT missions have two aspects. The Coast Guard expends considerable resources in
patrolling coastal and offshore waters to detect lawbreakers, or at least to deter potertial
lawbreakers, by "showing the flag." In the course of these patrols, an actual or potentiul
lawbreaker may be detected and then action is taken to arrest the craft involved. In thc
1990-2000 time frame at least some of the patrol/surveillance activity rcquired by this

o mission could be taken over by satellite and RPY surveillance. The phr: .2 "some" is used

) because there is apparently no substitute for the physical presence of . patrol cutter or
aircraft to stimulate suspicious behavior on the part of an illicit vessel (e.g., turning to
another course to avoid meeting a cutter) and to physically arrest that vessel's crew. The
role of the cutter in ELT will not be significantly reduced, but satellite and RPYV
surveillance should add significantly to the effectiveness of ELT.

it will be recalled that we postulated a series of continuously orbiting satellites to be
; uscd for SAR. The same satellites can provide surveillance for ELT purposes. Data from
those satellites will be received by the ground station computer, processed, and displayed
. , on large ~creen displays, These displays will present the tracks of all vessels within the
arca being surveyed by satellite. Photographic, TV, and IR resolutinin should be sufficient
at the very least to identify the vessel class. The Coast Guard will know the location of

every vessel in a given area, More detailed surveillance can be provided by RPV.

. Tracks provided by satellite data will provide the "big picture." This information will
he cspeclaily useful in monitoring cornpliance of foreign vessels with fishery treaty limnits.
Suen vessels willy, of course, know that they are under satellite observation, which may .
cause them to be rnore restrained in any illegal activity. In addition, vessel activity In 13
arcas of tagh crime potential (e.g., approaches to Florida) could be identified. The cues : %

used to cause the Coast Guard to suspect a specific vesse| are so subjective that 11 is '3
unlikely that satellite surveillance data will pinpoint a particular vessel for boarding, P

The Coast Guard will continue 1o rely on informant tips and sightings by civilian
vessels. It should have the capability of monitoring individual surface craft remotely by

N




flying a surveillance RPV to the vicinity of a suspected vessel and performing visual
reconnaissance. The patrol cutter will still be required to board vessels, but the
effectiveness of patrolling will be significantly increased by the RPV.

The Coast Guard officer at a ground station may require, on the basis of sateilite P2
data, that vessels in a particular area should be more closely inspected. An RPV will then .
~be flown to the area in question. RPV transit to a general area can be performed

automatically using satellite geographic coordinates processed by computer. Upon arrival
at the general area of suspect traffic, the RPV operator will assume direct manual control
of the vehicle and fly it to each vessel in turn. TV, photographic, or IR imagery of the
- -~individual vessel can be received and processed in real time. The RPV can be made to

““orbit at an altitude high enough to avoid gun fire (or follow a vessel if it endeavors to
escape) until a cutter receiving coordinates from the RPV can arrive on the scene,

Description of Enforcement of Laws and Treaties (Surface) Functions

1. Receive information about suspicious activity

a. Shore station

(1) Informant tip :
(2) Citizen complaint
(3) Satellite displayed information

b, At sea

‘W‘\“‘"‘W’“'F’W‘“T"WWM‘E-WL pEs

(1) Cutter
(2) RPV observation

2, Initiate surveillance of suspected craft

a. On shore

(1) Order surface unit already at sea to intercept. :
(2) Dispatch surface and/or air unit, 2
(3) Launch RPV.

b. At sea

(1) Order craft to stop for inspection.

3. Dispatch air and/or surface units

el

This would be performed as at present.

Cutters should be capable of receiving
RPV imagery and coordinates.

4. Board and inspect vessel

Performed as at present. RPV would leave the area as soon as Coast Guard
cutters rcach the vicinity of the suspected vessel.

5. Return RPV :

The RPV will be landed under control of the RPV operatoi.




Description of Enforcement of Laws and Trecaties (Subsurface) Functions

The Coast Guard will encounter a much more difficult problem in ELT relating to
subsurface activities. Assuming subsurface habitats associated with subsurface farming,
ranching, and mining, it is highly probable that thc Coast Guard will be given the
responsibility for inspecting these facilities for conformance to safety regulations (an

‘=*-“activity parallel to one it has presently for surface vessels). It will also probably be given:
responsibility for inspecting non-military submersibles used either for recreational pur-
poses or as part of the mining, ranching, and fa-ming enterprises mentioned previously.

In order to perform such inspections, it will be necessary for the Coast Guard to

- possess a number of specially designed submersibles or other diving equipment that can

reach the subsurface habitat. This requirement will have implications for Coast Guard

research and development in the submarine area because off-the-shelf submersibles are
not adaptable to the Coast Guard mission.

In view of the fact that illegal submarine activity by civilian craft will bring them
into the Navy sphere of responsibility to protect national security, it is unclear whether
the Coast Guard should have ELT responsibility for apprehending illegal activities by non-
military submersibles.  Any Coast Guard monitoring of submarine activity would
imevitably overlap with the Navy's already existent monitoring activity. The Navy rnay
retain responsibility for dealing with iilegal activities of non-military submersibles, This
will not, however, in any way affect the Coast Guard's SAR responsibility for submersibles
and subsurface habitats.

Marine Environmental Protection

Introduction

The major impact of new tecnnology on the MEP mission is to automate the
surveillance of possible pollution areas and the sensing of actual pollution when it occurs.
Once a polluted area is discovered and located, cleanup functions will be performed in
much thr same way as they are now, although undoubtedly containment devices, anti-
pollutants, etc, will be much irnproved by 1990.

The principal mechanisms for automating surveillance of possible pollutants will be as
in the case of the SAR mission in the RPV. The RPV could carry a laser spectrormeter
that transmits a beam of light in the IR spectrum, which is reflected from the occan
surfuce to an IR receiver in the RPV. Most serious oil spills will be detected by on-the-
spot personnel (as in the case of tanker collisions), but the introduction of subsurfacc
rining may produce subsurface pollutants that rise to the surface and drift.  Anrother
possible subsurface source may be pollutants resulting from subsurface seismic dis-
turbances. Such pollutants might not be easily discovered. Under these circumstances,
routine search of potential pollutant areas would probably be instituted. The frequency of
>uch searches would have to be determined on the basis of cost-effectiveness tradcoffs
between the cost of instituting the search and the probability of discovering pollution,

The RPVY launched for such a search would probably be identical with that taunrhed
for SAR missions except for the jnstrumentation package that would contain the laser
spectroieter rather than the photo/7TV/IR package. ldentical RPV vehicles could be used
for both types of missions merely by replacing the instrumentation module as necessary.
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The stages of the MEP mission are:

Receive spill information.

Deterrmine spill location.

Determine MEP operational requirements.
Alert MEP units.

. Deploy equipment, contain spill, and perform cleanup,

Description of Marine Environmental Protection (Surface) Functions

These stages are described below:

I. Receive spill information

This information may be received in a number of ways:

a. SAR or ELT cutter patrol report.

b. Telephone or radio/telephone report from non-Coast Guard source (e.g.,
fisherman).

c. Message from stationary remote sensing source (e.g., environmental buoy).
d. Data from RPV routine patrol surveillance.

2. Alert MEP units

Performed by telephone or radio/telephone.

3, Transit MEP units to spill location

Performed by sea or air in conventional manner.

4, Depioy equipment, contain spill, and perform cieanup

These functions may involve advances in technology but not in the technological
areas studied in this report.

Description of Marine Environmental Protection (Subsurface) Function

It was pointed out previously that when subsurface mining and drilling are initiated,
sorne pollution may result from these activities, Information about such pollution might
be received through any of a number of ways: a subsurface m ‘er might notice the
pollution and report it; the subsurface pollution might rise tc the surtace and be noted by

a surface vessel; or on a periodic MEP patrol in a Coast Guard submersible the crew might
note the pollution,

The MELP subsurface mission is considered a Coast Guard responsibility paraljel to its
MLP surlace responsibilities. It is possible that the MEP subsurface rmission may also
include the requirement to conduct subsurface cleanup operations. There will clearly be a
requircincnt for underwater inspection of mines to determine actual or potential sources
of pollution. The submmarine technology described in the SAR mission will be needed in the

MLP mission with all of the personnel and man-machine implications that technology
would have for the Coast Guard,
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The phases of subsurface MEP would therefore be:

1. Receive informatiocn about possibie subsurface pollution

a. Surface ohservation
.. b, Subsurface observation
(1) Worker
(2) MEP subsuilace patrol

As indicated previously, there are a number of ways a subsurface leakage or

' pollution could be suspected.

2. Develop search plan

a. Knowledge of subsurface mine locations and topography
b. Computer-developed plan

It is axiomatic that the Coast Cuard will know the location of all underwater
mining and farming as well as the detailed topography of the sea bottom. Based on this
knowledge, the duty officer may well develop his own search plan. Alternatively he could
input to the computer all relevant data and ask it to draw the most effective subsurface
search plan. The general operations by which such search plans are developed hv
computer have been described in the section on the SAR mission.

3. Conduct search

a, Transit 1-2 man submersible to vicinity o