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 ABSTRACT °

The U.S. Coast Guard operates several Vessel Traffic Services (VTS) in major U.S."
shipping ports. These systems were designed and implemented twenty years ago. They
were designed for a s"ingle‘mission, port safety. The surveillance and dis;ﬁlay systems are
well beyond the planned service life and need to be replaced.

This thesis investigates and summarizes up-to-date methods of providing surveil-
lance services to a VTS. The author includes a history of VTS, an analysis of the as-
signed missions, and a review of the 2 factors involved. A functional model of a VTS
is developed and used to evaluate the best mix of technologies for VTS systems.

The author concludes that a mixture of shore-based radar surveillance and satellite-
based surveillance can provide the detection and identification information necessary to
operate a multi-mission VTS, In order to take advantage of inexpensive narrow band
data links, such as voice grade telephone circuits, radar information must be processed
through a radar scan convertor. Use of this technology also improves automated target
detection, tracking, and display capabilities of the existing radar and display systems.

- A sccond generation VTS should have a modular design, centered around a standardized
Vessel Traflic Center (VTC) C? system. This will reduce the cost of operating a VTS by
reducing the manpower needs of a VIC, improving the performance of the VTS system
during muiti-mission tasking, allowing the use of different sensor types, and creating a

way of integrating VTS information into the main stream of Coast Guard operations.
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I. INTRODUCTION
A. BACKGROUND : -

The Ports and Waterways Safety Act (33 USC 1221) authorizes the U.S. Coast
Guard to establish and operate Vessel Traffic Services (VTS) in designatéd areas in order
to: : ’

..(1) reduce the possibility of vessel or cargo loss, or damage to life, property, or

the marine environment; (2) prevent damage to structures in, on, or immediately
adjacent to the navigable waters of the United States or the resources within such
waters;...

Surface search marine radar is the surveillance backbone within most VTS areas.
Closed Circuit Television (CCTV) is used where radar surveillance is not practical.
These technologies provide reliable and accurate means for general surveillance of a VTS
area, vessel traffic monitoring, and for vessel traffic control. The Coast Guard is cur-
rently using microwave data links to transmit raw radar and CCTV information from
remote sites to a centralized Vessel Traflic Center (VTC). These data links, as well as
the entire VTS svstem, were designed and implemented in the early 1970°s. The systems
use twenty vear old, “ofl-the-shell” technology which had a planncd life cvcle of ten
vecars. The systems are oriented toward accomplishing the single mission of harbor sur-
veillance while the Coast Guard maintains a multi-mission policy., The cost of operating
and maintaining the microwave data links has become prohibitively expensive for the
Coast Guard.[Ref. 1] ‘

In the last twenty vears there have been major advanéements in the computer,
communication, and data networking fields. There has also been a realization within
all branches of the federal government that a planned effort to improve Command,
Control, and Communication (C*) capabilities will help offset increasing costs, expanded
mission requirements, and system complexity. Improving the Coast Guard's C capa-

bilitics will allow the service to operate more efficiently.

B. RESEARCH OBJECTIVE
The purpose of this research is to investigate and summarize up-to-date methods of
providing surveillance services to a VTC in a manner that is consistent with the Coast

Guard’s need to reduce overall costs, automate man-power intensive operations, and




provide information that can be integruted into an eflective Coast Guard-wide C envi-

ronment.

C. RESEARCH APPROACH
The rescurch portion of this thesis includes a literature search, a review of Coast
Guard policy. interviews with Coast Guard VTS, Rescarch and Development, Engi-
neering, and Frogram Management personnel; interviews with industry representatives,
and a technology review to determine:
¢ The scope of the original VTS mission and required data content,
¢ The scope of the current VTS mission and required data content.

¢ Determination ol desired changes for existing VTS systems and expansion of ¢cov-
crage 1o new ports,

® The status and capabilities of current VTS technology.

o Availability, applicability, and budgetary feasibility of commercially uvailable sys-
tems or components.

¢ Alternative methods of harbor surveillance that can meet the overall goals olvthe
Coast Guard.
D. INIPORTANCE TO THE COAST GUARD
This thesis will identilv feasible alternatives to transmission of raw radar, video, or
similar surveillance information to V1Cs, Given the 1ecent budgetary climate, it is im-
perative that cach Coast Guard program result in the largest possible benefit within its
multiple mission areas, In the case of VT8, there are synergistic ellects possible through
integration of surveillance information into the day-to-day C of Coast Guard oper-
ations. Use of a standardized network approach can allow VTS inlormation to provide
an important input to the Coast Guard's Maritime Law Enforcement (MLE), Maritime
Defense Zone (MDZ), and Scarch and Rescue (SAR) missions in addition to its use
within the Port Security and Safety (PSS) mission of a VTS, Reductions in maintenance,
operation, and personnel costs arc possible through the use of modern “ofl-the-shelf”
and conmunercially supportable technology, Careful planning of such an information
network will allow for further cost reductions as comumercial tclecommunication capa-
bilities expand, providing faster and more reliable data rates at a lower cost. Integrated
Services Digital Networks (ISDN) and similar modernization programs are scheduled to

some on-line during the i990's and will impact C svstems like a sccond generation V1S,




E. THESIS OUTLINE
In order to determine [easible alternatives to the transmission of raw radar or video
data by microwave link, it is necessary to appreciate the enginecring, political, logistical,
and operational concerns facing the Coast Guard. In the past, the Coast Guard de-
signed systems without regard for the synergistic effects of integrated C plunning. Sys-
temy design was reactionary, often due to major uccidents like the Argo Mecrchunt,
Amoco Cadiz, and Exxon Valdez oil spills. With on-going budget limitations, the Coast
Guard cannot afford the overhead of major research and development costs. We must
relv on commercial and defense industry interests to develop and field new technology.
This new technology must be examined and then employed to complement all the
missions assigned to the Coast Guard.
1. Chapter H, VTS Services in the United States
Chapter 11 outlines the development of VTS systems in the United States. In
this chapter the author will summarize the following aspects:
o [listorical events leading to development of VTS svstems in the United States.
o [cgal intent behind the laws thut established federal V'S systems in the United
States,
¢ Determination of which ports were to be served, and which ports are currently
served, by a VTS,
¢ The original a:1d expunding missions ol Coast Guard VTS,
¢ Current VTS system requirements und the technology used to carry out these re-
quirements.

¢ Data necessary to carry out the missions of a V'S,

2. Chapter 1. VTS and Coast Guard &G
Chapter 111 reviews some of the non-technical aspects of integrating surveillunce
data into a Command and Control (C?) environment which could be used in day-to-day
Coast Guard operations. A discussion of Conunand and Control theory is included to
illustrate the importance of including C* considerations in the system cngincering of a
second generation V'S systemy. A deseription of related projects within the Coast Guard
will illustrate the benelits of an integrated system architecture using standard data con-
tent and format.
3, Chapter IV, Technology Review
Chapter IV surveyvs and sunumarizes existing technology that cun be used for
VTS arca surveillance. In this review the author will discuss various techniques that can

link radur and vigeo information to a VIC. Other technologies that are capuble of ac-




quiring and tracking VTS contacts, in a manner consistent with the applicable Coast
Guard mussions, will also be discussed. The chapter divides the technology into three
basic sections: '

¢ Svstems capable of directly transmitting radar or video images.

¢ Systems using data compression and filtering of radar or video camera signals al-
lowing usc of low data rate transmissions in the order of 9600 bps or less, or analog
signals with a bandwidth of 3 KHz or less.

® Hybrid systems using a mixture of technologies or based on technologies other
than radar or video camera sensors.

This chapter is descriptive in nature. The summary ranges from continuing use
of analog microwave links for the existing radar and video systems to the use of satellite
based. non-radar, tracking and identification systems.

4. Chapter V, Evaluation of Systems

- C hapter V has two basic sections. The first is development of the criteria which
could be used for system selection. These criteria will be based on the Coast Guard's
need to integrate systems, reduce costs, and mcet mission requirements. Using the
overall characteristics of the technology described in Chapter 1V and the criteria devel-
oped in the first part of this chapter, the author will accomplish a rough assessment of
the cost cffectiveness of the different svstems. Using this information the author will
identify the most feasible types of technology for use in a Coast Guard VTS.

5. Chapter V1, Conclusions

Chapter VI includes the author’s conclusions and recommendations regarding

sclection of feasible alternatives for tracking contacts in a VTS svstem.



II. VESSEL TRAFFIC SERVICE (VTS) IN THE UNITED STATES

A. VTS DEVELOPMENT IN THE U.S.
1. Historical Aspects of VIS Development

Vessel Traffic Services have been in operation since the late 1800’s. Table 1 on
page 6 lists important milestones in VTS development for the United States. Vessel
traflic management became a concern following World War I1 as the dens:ty of trafTic,
particularly transportation of hazardous materials, choked the major ports of the world.
By 1984 the waterborne commerce in the United States had increased by more than
200%. to slightly more than 1.8 billion tons [Ref. 2: p. 5]. The U.S. Coast Guard an-
ticipates an annual 2% increase in traffic. This figure includes both domestic and foreign
waterborne commerce flowing through U.S. ports [Ref. 3: p.358].

2. Increasing Ship Size

During the 1960°s and 1970s technological spinofls from the defense, space. and
computers industries, as well as oil industry economics, allowed construction of very
large commercial vessels. These imumense ships are used primarily for transportation of
crude oil and other hazardous materials. The average capacity of a commercial ship
prior to this time was 17,000 dead weight tons (DWT). Currently the largest ship in the
world. the Seawise Giant, has a capacity of 239,000 DWT of crude oil. Tankers with a
capacity between 100.000 and 200,000 DWT are the rule, not the exception [Ref. 4: p.
70, 5t p. 6] Large ship size creates economies of scale for the oil industry but greatly
increases the difficulty in mancuvering these ships. According to a 1972 Senate Com-
mittee on Commerce report on the Ports and Waterwavs Safety Act. a 17,000 DWT T-2
tanker can “crash stop” within a half mile taking about five minutes. A 200,000 DWT
supertanker takes two and one-half miles and twenty-one minutes to stop. The report
also points out that these ships are out of control during a crash stop; they cannot be

adequatcely steered in an cmergency.



Year Event

1896 | VTS St. Mary’s River, MI established

1948 | First active surveillance VTS established in Liverpool, England

1949 | First U.S. VTS organized by the Long Beach, CA Port Authority.

1962 | USCG experiments with VTS in New York Harbor. Rebroadcasts radar
picture using fow power TV signal. Program abandoned due to technical
and frequency congestion problems.

1968 Harbor Advisory Radar (HAR) experiment started for San Frz_mcisco' Bg}',
CA. Consisted of two X-Band radar sites but no communication facilities.

1971 | VTS Puget Sound opened in anticipation of increased tanker traffic due to
Alaskan pipeline.

1972 | HAR San Francisco added VHF-FM voice radio coverage and became the
first active surveillance VTS in the U.S. -

1973 | USCG Vessel Traflic System Analysis of Port Needs study determines pri-
ority for VTS location and level of coverage. VTS Louisville, KY opened.

1975 | VTS Houston 'Galveston, TX and Berwick Bayv. LA opened

1977 | VTS New Orleans, LA and Prince William Sound, AK opened.

1986 | VTS New York and VTS New Orleans closed due to budget constraints,

1990 | Current USCG VTS locations

. Prince William Sound, AK Puget Sound, WA
San Francisco. CA Houston:Galveston, TX
Sault Sainte Marie, MI Louisville, KY
Berwick Bav. LA
1990 Planned VTS Locations
New York Harbor, NY : New Orleans, LA
Table 1. History of VTS [Refs. 6: pp. 25-27, 3: pp. 417-420]

As ship size grew, the degree of specialization also increased. The economics
of the marine transportation industry forced delivery of raw materials and containerized
manufactured goods into a few large ports, visited by large, specialized, ships. Smaller
ships began redistributing these raw materials and finished goods, which created a

booming coastwise trade. Major ports, and the associated offshore approach areas, saw

a large increases in traffic density.
Each duy. a ship of over 100 DWT is lost on a worldwide basis. A large per-

centage of the Josses are due to collision, grounding, or ramming. More often than not,

the cause

fault [Ref.

close quarters or difficult maneuvering environments Jike a ship channel or busy harbor.

of these accidents can be traced back to human error rather than mechanical

7: p. 1]. This illustrates the need for a “second set of eves” when ships are in
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3. The Environmental Protection Movement |

During the early 1970’s the environmental protection movement in the United
States grew into a strong political entity. Technological advancements in television
broadcasting, primarily the use of satellites, brought worldwide news coverage into the
voting public’s living' room. In March 1967, the 118,000 DWT Torrey Canyon ran
aground off the coast of Cornwall, England spilling thirtv-five million gallons of oil. The
spilled oil covered major expanses of both the British and French coasts. In 1969 an oil
well blew out off the coast of Santa Barbara, CA. This caused a significant oil spill
which threatened the entire coast of Southern California. The breakup and loss of the
tanker Arrow, off Nova Scotia, in 1970, threatened the Georges Bank fishing grounds
and cost the Canadian government four million dollars to clean up. These clean up costs
do not include the costs to the coastal industries that lost tourism and fishing income
due to the cflects of the spill [Ref. 8: p. 19]. Each of these major accidents illustrated
that the possibility of a major accident existed in U.S. waters. On Janﬁary I8, 1971 a
collision between two tankers, the SS Arizona Standard and SS Oregon Standard, spilled
§00,000 gallons of heavy oil into San Francisco Bay, CA. At the time the U.S. Coast
Guard was testing a Harbor Advisory Radar (HAR) system. The Coast Guard radar
operators actually observed the collision which was nearly under the Golden Gate
bridge. The radar operators were helpless as the facility was not equipped with radios
[Refl 9], During 1972 there were 157 vessel collisions, rammings, and groundings that

spilled 2.2 million gallons of pollutants into U.S. waters [Ref. 10: p. I-4].

B. THE PORT AND WATERWAYS SAFETY ACT OF 1972 (PWSA)

By 1972 the public outcry for an end to the destruction caused by oil spills resulted
in passage of several regulations and laws. The most applicable to VTS is the Ports and
Waterways Safety Act (PWSA) of 1972, The PWSA states:

...that increased supervision of vessel and port operations is necessary in order to-
(1) reduce the possibility of vessel or cargo loss, or damage to life, or the marine
environment:... [Refl 11: sec. 1221(c)].

The intent behind this law is clear: it is to protect ships, cargo, people, and the en-
vironment from vessel accidents. It is on this basic premise that U.S. Coast Guard VTS
1s based. The PWSA gives the Coast Guard very wide latitude to accomplish the desired
reduction in acciderits and environmental harm. The PWSA states that the Coast Guard
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L1y i any port or place under the jurisdiction of the United States ... establish,
operate, and maintain vessel traflic services, consisting of measures for controlling
or supervising vessel trallic or for protecting navigation and the marine environment
and may include, but need not be limited to onc or more ol the {ollowing: reporting
and operating requirements, surveillunce and communications systems, routing sys.
tems and fuirways; (2) require vessels which operate in an area of a vessel trallic
service to utilize or comply with that service, (3) require vessels to install and use
specified navigation equipment, communications equipment, electronic relative mo-
tion analyzer equipment, or any electronic or other device necessary to comply with
a vessel traflic service or which is necessary in the interests of vessel safety...(4)
control vesscl traflic in areas subject to the jurisdiction of the United States which
the Sccretury determines to be hazurdous, or under conditions of reduced visibility,
adverse weather, vessel congestion, or other hazardous circumstances bye
(A)specilying times of entry, movement, or departure; (B) establishing vesscl traflic
routing schemes; (C) establishing vessel size, speed, draft limitations and vessel op-
eruting conditions; and (D) restricting operation, in any hazardous arca or under
huzardous conditions, to vessel which have particulur operating characteristics or
capabilities which he considers necessary for sale operation under the circumstances;
and (5) require the receipt of prearrival messages..(bl..may order any vessel.., to
operate or anchor in & manner he directs i+ (1) he has reasonable cause to blieve
such vessel does not comply...(Dby reuson of weather, visibility, sea conditions, port
congestion, other hazardous circumstances, or the condition of such vesscl, he s
salmncd that such directive is justified in the interest of safewv... [Rell 11t see.
1223(u)]

C. DIFFERENCES BETWEEN US. AND FORIEGN VTS SYSTEMS

It is on the salety guidelines of the PWSA that the Coust Guard designs VTS sys.
tems, This is quite diflerent from VTS design throughout the rest of the world. The
primary purpose of European and Oriental VTS systems is to increase the throughput
of the hurbor fucilities, Leonomic profit is the driving element.  Muritime safety and
environmental protection are secondary benefits, Funding is another arcu of dillerence
between the U.S. and the rest of the world. In the United States, VTS systems provide
a public service, protection of commerce and the environment. Funding for Coast
Guard VTS systems competes within the austeie budget of the Coust Guard. V1§
funding is a minor, nearly transparent, player in the Coast Guard and Federal funding
cyeles. VTS funding is frequently based on politicai reaction to an accident or a poli-
tically motivated mandate. Scveral examples exist. VTS Prince William Sound, AK,
was mandated by the Trans-Alaska Pipeline Authorization Act (L. 93-153) [Rel. 3: p.
42{]. VT8 Puget Sound was developed under Congressional budget pressure again duc
to the Alaskan pipeline. VTS New York is being re-established due to specitic Con.
pressional legislution tied to the Coast Guard's 1990 budget [Ref. 1)

European VTS systems provide both a private and a public good. A public good is
one that benelits the population in gencral,  Public goods are usually paid for using




governmental funds. A private good is one that benefits the user or owner of the good.
Furopean VTS systems provide a public good in that they protect the environment by
preventing shipping accidents,  They provide a private good by increasing the flow of
traflic in and out of the ports being served, These VI'S systems are gencrally funded
with both user fees and governmental support.  Funding for forcign VTS systems is
generally larger and more consistent than VTS funding in the United States.

D. DEFINITION OF VTS
1. Missions of VTS
To fully understand the job of @ VTS it is necessary to explore the missions as-
signed to a VTS, As with the rest of the Coast Guard, a VTS is a multi-mission organ.
jization and must be analyzed based on assigned, and assumed, mission areas.
The ollicial mission of'a VTS is:

«to prevent damage to, or the destruction or loss of any vessel, bridge, or other
structure on or in the navigable waters of the United States [Rel) 12: p. d-d).

This definition does not provide a description ol the functionul or relational
1
duties of 1 VIS, A better description of u VTS is;

A\ vessel traflic svstem consists of an integruted plan, regulations, people, equips
ment and facilities for the collection, analysis, and dissemination ol information to
assist amd direct as needed, the maneuvering of vessels in waters subject to congested
vessel trallic [Refl 13: p. &-2).

Within the Coast Guard, VTS falls under the Port Salety und Security (1'S$) and
Wautersways Management (WWM) mission areus. These missions are defined as:
Port Safety and Security:  Sufeguarding the nation's ports, waterwavs, waterfront

facilities and vessels, personnel and property therein, from either accidental or in-
tentional damage, disruption, destruction or injury,

Waterways Management:  Develop and implement passive and active trallic mun-
agement technigques and navigation safety procedures to assure acceptable levels of
safety in U.S. ports and wuterways, [Ref. 14)

The routine functions of a V'S muke it useful to a wide range of Coast Guurd
nussion arcas, not just Waterwuys Management and Port Safety and Security, These
secondury wissions include Search and Rescue (SAR), Muritime Defense (MD2Z), and
Aids to Navigation (ATON). Table 2 on page 10 lists the contributions a VTS may
make to these additional Coast Guard mission areas.
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Mission Contribution

Scarch and Communication coordination, accepung requests for assist-
\Re‘scuc(t's‘ AR) ance, active search (by radur and video camera), search area
' o management
- [Tarbor surveillance, communications coordination, vessel de-
Maritime ! " vl . ; ;
Delense( MDZ) tection (radar, video, sonar, etc.), vessel transit scheduling,
e hazardous transit planning and monitoring

Aids to Monitoring aid position, accepting reports ol uid malfunction
oyl To\) | or position error, transniission of navigation information (No-
Navigation(ATON) | 1ia'to Mariners, Local Notice to Mariners)

Table 2. Secondary VTS Mission Areas

2. Analysis of Port Needs

In 1973 the Const Guard contracted for u series of reports called the essel
Traffic Systems Issue Stidr. These reports dealt with every aspect of VTS operation.
Through this study ol the issues, the Coast Guard developed carly models [or studying
vessel trufTic, control svstems, and management pluns. The numerical duta was based
on vessel accidents, cargo tonnage, and vessel trunsits through selected ports. The ports
with the most transits and highest tonnage figures were further studied, primarily using
the accident data.  The Analysis of Purt Needs, which is a follow up report to the Issue
Studies, anulyzed duta for these same ports, Each port and waterway was ranked b.sed
on six factors. The [uctors were:

. Estimated annual dollar damages caused by collisions, rammings, and groundings
(C R G)

. Lstimated unnual pollution incidents due to C R G,

[ ]

L)

 Estimated annual deaths or injuries caused by C'R G.

g 5%

. Estimated annual dollar damage reduction due to the VTS leve] sclected.

n

. Estimated annual pollution incident reduction due to the VTS level selected.
6. Estimated annual death or injury reduction due to the VTS level selected. [Ref.
15: pp. 119
Using the information developed in the Analy'sis af Port Needs, the Coast Guard
established seven levels of VTS technology that could serve the specilic needs of a given
port. Table 3 on puge 11 details the seven levels used by the Coast Guard.
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Designation Tyvpe Descripticn

Used to adjust carly VIS information for pas.
1o Passive sage of the Bridge-to-Bridge Radio Telephone
Act (33 USC 1201-1208).

Regulatory uctions to prevent accidents. In-
LR Passive cludes speed and passing limitations and one
way trallic considerations.

Use of Trallic Sepuration Schemes to limit close
passage of vesscls.

Vessel Movement Reporting System (VMRS).

Vessels are required to communicate their navi-

gutional information (position, ETA to next

L2 Advisory point, plans, etc.) to a VIC. The VIC coordi-
nates tEis information and advises ships of tral-

fic in their vicinity,  Minimum reporting

requirements are specified,

Basic area surveillance including radar or
CCTV. Improves VTC knowledge of vessel

L] Pussive

Advisory and Ac. o
1.3 t}:lcl ory and Ac presence and movement. Considered necessary
where hlind corners, bends, or interscctions ex«
ist,
- - Advanced surveillunce including more aceurute
tive and Advi- ’ h \
1.4 petve an AdViE 1 ind complex surveillance equipment. Muy ine
. . clude limited computer interface.
Advunced surveillanee with full computer inter-
LS Active lace providing the highest relinbility and weeu-
. : ' racy in trallic manugement, Designed for

control of high density, complex areus,

Table 3, VTS Levels {Rell 18 App. 1, p. vil

The cnalvsis of Port Needs also identilled and rank ordered twenty-two ports
anmd waterwayvs that would benelit from the construction offa VIS, Table o on page 12
summarizes this report by listing the selected ports and detailing the number of V1§
sectors to be used und which level of technology (from Table 3) should be used.

A comparison of the ports currently served by Coast Guard VTS systems
(Tuble 1 on page 6) and the list {rom the Port Necds study (Tuble 4 on page 12) illus-
trates that V1'S development in the United States has not proceeded as expected. This
i¢ due to the sensitivity of the V'S program to political and popular support. During
the middle 1970°s, several highly ranked ports were passed over while low priority ones
received major VTS systems. This was due ability of local politicians to control the V'I'S
program.  During severe Coast Guard budget cuts in 1986, the two most needed VTS




svstems, New York and New Orleans, were closed. The reason these two ports were
selected for closure is that they were voluntary syitems and suffered [rom a lack of par-
ticipation and local support. They were simply not efTective [Rell 1]

The Coast Guard recently contructed for an upsto-date Port Needs Study. The
new study is scheduled to be completed by the summer of 1991, The purpose of this
study is to provide an updated list of major ports that may benelit [rom a VTS, The new
study will concentrate on analysis of risk (the potential for an accident) rather than
analysis ol historical accident data [Rel. 16).

Port or Watervway VTS Sectors and Levels Needed
New York 1.0 20012 20l L)
New Orleans 2ofl2 1.3
Houston Galveston 1.2 1.3
SabinesNeches (1CW 265.290) 1.0 20l L2
Chesapeake Bay Lo 1.2 1.3
NMorgan City (1CW S0.99) LR 1.2
Cote Blunche (1CW 107.129) 1.d
| Baton Rouge 1.2
Sun Francisco L2 L& :
Houma (1CW 30.69) L2
Chicago LR .
Delaware River und Bay 1O
Tampa LU
Puget Sound 1.2
Mobile .0
Detroit River Lo
Vermillion River (1CW 1535.179) | Lo
St. Louis Lu
l.ong Islund Sound 1.0
l.os Angeles Long Heach Ly
Corpus Christi 1.0
Boston 1o
Table 4. Ports and Waterways Ranking [Ref 15 p. vi] .




3. Functional Description of a Vessel Traffic Center (VTC)
The nerve center of a VTS is the Vessel Trallic Center (VTC). Typically the
VIC is manned by a Watch Oflicer, a Watch Supervisor, and one or more
Watchstanders. A deseription of the duties of these people will complete a picture of
what a VT8§ is responsible for.
a. Watch Offizer
The Watch Ofticer is a commissioned U.S. Coast Guard officer (0-2 0-3)
gencrally following completion of a tour as Commanding Oflicer of a small Coast Guard
Cutter. e or she is responsible for the overall performance of the VTS, The \Wutch
Oflicer's duties include: supervision of V'I'S operation, regulation of anchorage usc, re-
porting regulation violations, physical seeurity of the VTS svstem facility, and training
of new watchstanders. When necessary, the Wateh OfVicer has the authority to excreise
vessel traflic control. In this case he or she mav direct the movement of vesscls in the
VTS, Normally a VTS will simply monitor vessel tralliv and provide traflic and navi-
gation informution when it is necessary,
b. Watch Supervivor
The Wateh Supervisor is a Coast Guard civilian employee (GS-11) or Chief
Petty Ofticer (-7 8). The Watch Supervisor assists the Watch Olicer. 1le or she
supervises the wateh in the absence of the Wateh Oficer. The Watch Supervisor is also
responsible the training of new wurchstanders,
¢, Watchstanders
The Watchstanders are either enlisted Coast CGuard personnel (-8 6) or
civilian emplovees (GS-9).  The watchstander monitors and advises traflic in the VIS
arca and anticipates the movement ol traflic within his or her VI'S sector.  The
watehstander is seated so that he or she can monitor onc or more radar and video dis-
plays. The watchstander also monitors the associated VHFFM voice communications
cquipment. The watchstander maintuing radar and voice contact with each vessel in his
or her sector. 1le maintains an information base that includes:




¢ Vessel name.

e Pilotidentifier.

s Voessel type.

* Position,

¢ Draft.

¢ Designation ol vessel in VTS system,
¢ Route.

¢ Any other relevant information.

In most cases this information is kept on a paper card similar to Figure |
on page 15. The watchstander attaches this card to a magnetic board that provides a
graphic display of the VTS scctors. As vessels in non-surveillanee sectors update their
positions, these cards are annotated with the time and location, then advanced on the
board. Lxamples of non-surveillance scetors areas include rivers and oflshore approuch
lanes, In some arcas video cameras ure used to monitor the accuracy of the vessel po-
sition reports,  These voice reporting systems are called Vessel Movement Reporting
Systems (VMRS) for river arcas or Oflshore Vessel Movement Reporting Systems
(OVNIRS) for deep sea approach areas, respectively,

Il a vessel is in an active surveillance aren (normally rudur coverage), the
watchstander will acquire and designate the target so an Automatic Rudar Plotting Aid
(ARDPA) can track it, i the VTS is so equipped.  If the VTS is not ARPA equipped,
manual radar plotting technigues are used (grease pencil marks on a plan position indi-
cator (PPN, When a vessel requests it, or in anticipation of a traflic conllict, the
watchstander will issue advisories to the appropriate vessels. During periods of low
traflic density, one watehstunder may be responsible for monitoring multiple radars and
VTS sectors, including the OVMRS and the VMRS [Refs. 9, 17: pp. 12-14d),

E. VTS PROGRAM MANAGEMENT

The Coust Guard program manager for VTS is the Oflice of Navigation Safety
Programs (Conmumandant G-NSP). This headquarters office is charged with management
of Coast Guard VTS programs involving active traflic management. As a program ol-
fice, GNSP has suflered from decreasing budgets, personnel cuts, and a lack of project
priority. Following the Exxon Valdez oil spill, the program oflice was boosted in per-
sonnel strength and status. This was a reaction to a Congressionnl mandate to install
a VTS in New York harbor and interest in reactivation of VTS New Orleans,
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Figure 1.

VTS Vessel Tracking Card

The complement to active trailic management is. of course, passive traffic manage.
ment. DPassive techniques include the rules and regulutions developed by the Coast
Guard. These techniques are used where responsibility for compliance may salely be
placed on the user. Examples of passive trallic management techniques include:

¢ Administration of Federal Anchorages. '
o Designation of Safety Zones.

¢ Regulated Navigation Areas.

¢ Navigation Sufety Regulations.

¢ Navigation Rules (International and Inland).

® Bridge-to-Bridge Radiotelephone Regulations.

The Coast Guard does not have a specific program oflice for passive traflic man-

».

agement.




F. COAST GUARD VTS CONFIGURATIONS
1. Ports and Equipment

The Coast Guard currently operates seven VIS systems.

equipment suites arc listed in Table § on page 16.

The location and

Locatlon Sec- | Levw- " Radar System VHE-FM
t datory? LLLTV h
ors els Sites Sites
San Francisco, [.2 . 2 AN FPS-121
CA Sl ga | Ne X&S Band ! 3
Houston- 1.3 . 1 AN IFPS-121
Galveston, TN 3 1.4 No N-Band § 3
Puget Sound, 1.2 . 10OAN FPS-1y
WA Sy | Yes X-Bind 0 1
Prince William |, 1.2 Yes 2 AN I'PS-121 0 742
Sound, AN c 1.3 ) N-Band HI sites
Berwick Bay, 1 AN §PS-03V ,
LA ol Yes N pund ! L
Louisville. RY 1 l.2 Yes none none ]
f:‘[';fll_itc‘_s‘_'\';‘lw | L2 | No none | 2
New York ' . un-
:‘lc:lsl;}:lobr (rro- ) 14 vos 7-8 X-Band 7 known
Table & Summary of VTS Capabilities

2. Equipment Description

a.  Radar Equipment

‘The Coast Guard operates two radar svstems as the primary surveillance
tool for VTS. These radar systems are based on commercially available, maritime sur-
face search radars. Remote radar  sites normally  consist  of redundant
transmitter receiver systems, wide band radar data link svstems, and a radar control
signal system using cither wide band or narrow band (voice grade) data links.

1,  Radur Frequency Bands. The Coast Guard primarily uses N-Band
radars. These radars provide a higher degree of target resolution. As seen in Table 6

on page 17 the N-Band radars can suffer signilicantly duc to rain, snow, or similar

mcteerological phenomena. To counter the ehieets of this type of system degradation,




a few VTS radur sites are equipped with both N-Band and S-Bund radar
transmitter receivers.

Table 6 lists the general characteristics of the radar bands used by
Coast Guard VTS radar systems,

| s B AR L
Radar Band Frequency Range Characteristics
S 2.4 Gliz 0.5 to 100 | Low attenuation due to weather Mc-
) Km Jdium target resolution
High target resolution High atten-
’ 5 . &
X 3-12 GHz U }:.?nlou uation due to weather (30 times
greater than S-Band)

Table 6. Radar Band Characteristics [Refl 18: pp. §-1 to §-13]

r2, A NEPS109. The A N-FPS-109 radar is used in the Puget Sound

VTS and will be the initial radar at Governor's Island in the resurrected Wew York VTS,
This raduar is a twenty vear old, analog radar. 1t does not include enhancements bevond
being equipped with a PPl for manual, grease pencil, contact plotting. The remote
transmitter receivers arc linked to the V1'C indicators using 10M112 microwave circuits.
These twenty vear old analog microwave circuits carry broadbund radar signals which
include the following components:

¢ Raudar Video (broadband target information).

o Radar Synchronization (system tinming).

o Azimuth Information (antenna direction).

Control signals [rom the operator position (range sclection, giin, fil-
ter control, ete.) aie returned to the remote site by either voice grade telephone circuits
or on the microwave circuit.

The AN FPS-109 has reached the end of its cconomical life.  Repair
parts are beconiing expensive and scarce. They arc X-Band radars and enjoy relatively
good target resolution. The indicators must be used in a darkened room,

(3, A NFPS-12). The A'N-FPS-121 radar is a slightly modified version
of the commercially available Ravtheon Pathfinder radar. This radar is also very similar
to the standard surface search radar installed in Coast Guard Cutters.  The
A N-FPS-121 is a step up from the FPS-109 svstem, The FPS-121 uses digital process.
ing to enhance the radar display and to provide the functions of an Automatic Radar
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Plotting Aid (ARPA). This radar mav use either the X or S radar frequency bunds. ‘The
remote radar transnutter receiver svstems also use 10MIElZ microwave circuits to link
aroudband radar signals to the VIC, Control signals arc sent to the remote sites by
telephene or microwave systems. The advantage of the FPS-121 system is use of digital
signal processing and incorporation of ARPA functions.

The processing techniques used in this system are becoming standard
in all commercial marine radars and will be briefly discussed. The systemn converts the
analog radar information, reccived at the indicator, into digital information. These
digitized signals are saved in a digital memory on a sweep-to-sweep basis. Each sweep
is compared with the following sweep. Only target information that is present in both
sweeps is displaved.  Radar clutter (sea and rain return) is greatly reduced using this
technology, Target range and bearing is then extracted and displayed on the indicator.
This target information mayv also be accessed by add on svstems like an ARPA.

The ARPA systemy for the FPS-121 system is basicallv a stripped
down version of Ravtheon's RAYCAS V ARPA. The RAYCAS V collision avoidance
svstem (CAS) is standard on Coast Guard Cutters and is also commerciallv availuble.
The ARPA system provides several features designed to assist a radar operator. Using
symbolization and digital displays, an ARPA provides the [ollowing functions and ine
formation:

Manual and automatic target acquisition
¢ Automatic ta ot tracking (of acquired targets)
¢ Displav of tracking history (speed and direction)
o Display of current Licading and speed
®  Alarms for ¢lose passage of tracked targets
¢ Display of the location of potentiul collision between contacts
¢ Display of basic navigation informauon (fairway and channel boundaries, buoy
position, cte.)

The A'N-FPS-121 also provides an RS-232 port for automatic col-
lection of tracked target information. The indicators used by the Coast Guard must be
used in a darkened room.

b, Closed Circuit Television (CCTV)[Low Level Light Television (LLLT!')
Equipment
Closed Circuit Television with Low Level Light Television camera technol-
ogy is used by several VTS svstems. These svstems are used to monitor V'S arcus
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composed of narrow channels, sharp bends, or similar "bottle-neck”™ areas where radar
is not ellective. The CCTY systems provide the VTC with visual information allowing
the operators to identifv vessels and directly monitor traflic conditions. Use of LLLTV
camera technology allows monitoring at night. The broadband video data rom remote
camera sites is linked to the VTC using 10M11z microwave circuits. Camera operators
arc able to remotely control the azimuth (direction). tilt, zoom, and focus of the cameras.
Control information for the cameras is sent from the VI'C using either voice grade tele-
phone lines or broadband microwave circuits,
¢ VHF-IM Voice Communications Equipment

The primary means for a VTS to communicate traflic information to par-
ticipating vessels is over VIIF-I'M radio telephone circuits. The Coast Guard operates
many of these systems, VIHF<FM provides high guality, line-ofsight, voice commtini.
cations. Due to the line-ofesight restriction, several VHIF-I'M sites mayv be required to
obtain full V1§ coverage.  The technology used to control the VIHF-FM remote
transmitter receiver equipment is normally audio tones sent over voice grude telephone
lines. The audio information travels to the remote site on the sane voice grade channel.
VTS Prince Williams Sound has the capubility of comumunicating using either VHEF.FM
or high [requency (111 radio equipment.  Use of HE communication eguipment pros
vides Jonger ranges as the signal is not limited to ling-of-sight propagution.

d.  Computer Equipment

The Coast Guard operates a very basic computer system for vessel tracking
in VTS Iouston Galveston, The computer system, and hardware, was designed in the
carlv 1970°s. There is currently a Coast Guard project to update both the soRware and
hardware to provide a more integrated approach to vessel management.

e, Data Link Equipment ( microwave)

The Coast Guard relies heavily on microwave svstems for transmitting
broadband radur and video signals [rom remote sites back to the VI'C. These systems
were installed in the early 1970's. They are analog, 10 M1z, solid state systems. The
maintenance costs of keeping them on-line with better than 99% reliability have becone
prohihitive [Rell 1).

G. VTS DATA CONTENT
As an information source, the current VIS systems capture static, dynamic, and

processed dynamic data,  Static data includes information that does not change during
the period the vessel transits the VTS area. The name of the vessel is one of the static
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data clements. Dvnamic data changes as a function of time while the vessel is in the
VIS svstem. The position of the vessel is the most obvious example of this type of data.
Processed dyvramie data is information calculated from the dynamic data in the VTS,
One example of processed dynamic data is vessel speed. Vessel speed is calculated from
successive positions over a period of time. The datu captured and recorded by Coast
Guard VT'S svstems is listed below,

o Vessel Identification Tag (static).

¢ Vossel Type (static).

o Vessel Draft (static).

¢ Vossel Position (dynamic).

¢ Vessel ETA to Next Reporting Point (dynamic).

¢ Date (dynamic).

¢ Weather Conditions (dynamic).

o Vessel Course (progessed dynamice).

o Vessel Speed (provessed dynamic).

Lach VTS is required to collect historical data such as the total number of transits
through the VTS, ‘This data is normally caleulated manually as part of the overall ad-
ministrative requirements ol the V'S, An example of historical data collection is cal
culition ol the total number of vessel transits by manually counting the number of
OVMIRS and VMRS cards used in a month.

In the course of normal operations, V1S personnel create an informal dutabuse
consisting of general knowledge regarding participating ships, and their actions while in
the VTS, This information is static in nature and includes the following elements:

¢  Regulatory violations.

¢ Owner infonmation.

¢ Master information,

¢ Navigation uceuraey,

* Radio communication skills including problems with a language batrrier.
¢ General work history including ports visited and routes used,

Although informal in nature, this information is used by V'S controllers in deciding
what actions are most appropriate for the situations present within the V1§,




. VTS AND COAST GUARD COMMAND AND CONTROL (C7)

A. C PLANNING FOR A MULTI-MISSION ENVIRONMENT

As the Coast Guard enters the 1990°s, the diversity of missions, operational plat.
forms, and geographic necessities will continuc to struin the command and control (C7)
svstems of the Coast Guard.  This includes the VTS systems.  With decreusing budget
levels, the need for maximum elliciency and eflectiveness will continue to grow. These
fuctors have caused the Coust Guard to look toward the use of computer enhanced C
te better manage the already stretched resources,

Due to the complexities of the Coast Guard's various mission areas, it has been
necessary to maintain several specialized Operations Centers (OPCENS) in a single arca.
Lvea though speclalized, these OPCENS share o common need for basic information and
Coast Guard resources (personnel. ships, bouts, and aircralt). In a simple sense, these
shared needs may be sununed up by three questions, ‘Thev are:

¢ What are the missions?
o  What Coast Guard resourees are assigned?

*  Where are all the pluyers?

In order to eflectively manage missions anid resources, Coast Guard OPCENS need
an accurate tactical picture, tuilored to their specific interests.  Coast Guard OPCLNs
are hicrarchical in nuture over a geogruphic aren.  The upper level OPCENs provide
mission tusking and guidance. The lower echelon OPCENSs act as the communications
link hetween the Coust Guard resources and the upper echelon OPCENs. At the preseut
time, the primary means of sharing information between Coast Guard OPCLENs and
operationil resources are voice circuits (telephone und radio) and message exchange
(I Mail and record traflic on dedicuted circuits) [Refl 19 @ pp. 2-22 to 2-28). These cir-
cuits are subject to duta and human error, circuits outages, and are inherently inefficient.

Coust Guard VTS commands possess a purt of the tactical picture needed by these
OPCENs. The VTS can provide a geographically oriented picture of harbor and coustal
arcas, including the location ol Coast Guard resources and other mission essential in.
formation. This information is, however, stuck within the VTS, In planning the second
generation of V'S wystems, the Coast Guurd can greatly increase the effectiveness of this
surveillanee information by muking it availuble to other Coast Guard (2 ssatems.  This




is possible through careful svstem planning that recognizes the need for improved and
integrated C* eapabilities [Refll 19: p.d-14].

B. C THEORY AS APPLIED TO VTS SYSTEMS
1. Definition of a C* System

A (7 system is essentially an information handling system. It provides the in-
formation necessary for accurate and timely decision making. A C? system must inter-
fuce with a variety of external information sources. Thesc sources provide data in ways
that reduce the probability of making an incorrect decision, Interoperability between
information sources is a key fuctor in the design of an ellicient and efTective C? system
[Rel. 20: p. 282).

As o management tool, a C system has three basic characteristics, The first is
that the €* svstem is used to implement management functions which include control,
supervision, warning. situation assessment, decision making, and decision execution
[Rel 210 p. 4. The second characteristic Is that, in most situations, the system must
work in “real-time”, A reaistime operation may be defined as:

A0ne that presents an unswer to a continuing problem for a particulur set of values,

while those values are still available [Refl 21: p. d].
This ¢lement of time is measured relative to the needs of the system and decision maker.
For a VTS, "real-time” may be quantilied as the lateney between data acquisition und
data display, The Coast Guard has stated that a lateney of between ten and [ifteen
seconds is aceeptable (Refl 22, 23 p. 11, Tor a ship steaming ut fiteen knots, this re-
presents a distance of about 250 feet. This is approximately hall of the width of a small
major shipping channel in the United States. Many heavily travelled chunnels are much
wider, The third ¢ management characteristic that such a st stem should provide is an
cflicient means for planning, manuging, and controlling operations [Rell 21: p. §). This
includes both graphical and analvtical tools for plunning future operations, display of
the current (real-time) information, and analysis of historical data,

A Command and Control system is actually made up of three sub-svstems
working together to support a decision maker, These sub-systems arc defined as:

v command subsystem consists of those processes and stafl that directly support
any decision maker, military or civilan, A control subsystem consists of the func.
tions und entities through winch both a decision is executed and information is re-
ceived to fucilitate future decision making and to monitor progress. Conununications
suhgysrents interconnect the ¢lements of the command and control subsystems. [Ref.
200, 282




For a VTS these sub-svstems could be delincated as:

o Compuand Subsvstem - VIC Watchstanders and vessel location displays (rudar and
VAIRS boards).

o Control Subsystem « Surveillance equipment (radur, video, and rudio position re-
. ports) und the rcgulations supporting V18,

s Communication Subsystem « VIIF-FM voice radio, wide band microwave radar
#nd video links, and telephone circuits for system control links,
2. Conceptual Models of €? Systems
a. Boyd's QODA Loop Structure
One of the best models of a C? system is Boyd's OODA Model, illustruted
in Figure 2 on peage 24, Bovd's model illustrates the C? process functions that support
a decision maker. Tuble 7 shows how Coast Guard V'I'S fits into this model.

Pode! VTS Function
The task of observing the ENVIRONMENT. This includes both ac-
Obserye tive und passive sensing technigues, The goal is to provide continunyis

coverage of the environment, under all conditions. ‘The ey parame-
ters of this function are coverage and information timeliness.

. The task ol this function is to detect signilicunt situations and to
forccust chunges in the current situation. Forecasts guide the OB.
SERVIE function by indicating where to look, und whit to look for.
Orient This function also provides background indormation such as druft,
destination, and past history, The ORIENT lunction provides the
tactical picture. Key parameters are completeness, aceuracy, und ree
sponsiveness,

This function is extremely complex and is carried out by the decision
maker, using the 2 svstem. Decisions are based on the tactical pice

Decide ture and other relevant informution provided by the ORIENT func.
tion,
ACT is the interface benween the decision maker and the ENVIRON.
Act MENT, Ttis the means for the decision maker to inlluence the LN
VIRONMENT. This part of a VIS (2 system inclades the laws,
regulations, and communication svstems supporting the VTS,
Environ. | FOr@ VTS, the ENVIRONMENT includes the surveillance arca, ves-
“ment sel traflic. weather, political climute, und similar fuctors. These items

influence, or may be influenced by, the decision maker.

Table 7. Boyd's OODA Model and VTS [Rel. 24: pp. 26-36]
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Figure 2.  Boyd's OODA Model [Ref. 24: p. 26]

In designing a C? svstem it is necessary to understand the nature of the en-
vironment to be controlled. The environment is generally categorized into one of four
classes based on the predictability of probable outcomes [Ref. 24: pp. £1-52). The four
classes are:

¢ Deterministic - for a given initial condition there is opl_,v onc possible outcoine.

¢ Moderately Stochastic - only a limited number of similar results are possible with
a given initial condition.

¢ Severely Stochastic - a larger number of outcomes are possible with a given initial
condition.

¢ [ndeterminate - for a given initial condition, the outcome cannot be predicted.

When viewed as a probabilistic process, a VTS seems to be best described
as moderately stochastic. The number of possible outcomes are highly constrained. The
possible outcomes are limited by federal regulations such as the Inland and International
Collision Regulations [Ref. 23] and by the physical nature of ships moving in restricted
channels. VTS control techniques will affect the environment in a predictable way.
Based on this ability to predict the outcome of a set of conditions, timely facts and data
become very important to the decision maker, in a moderately stochastic process. The
control process structure is also important as it guides the construction of predictive
models, allowing better control of the environment (Refl. 24: pp. 51-53). DBased on a
moderately stochastic OODA model of a VTS, the decision maker will nced a mixture
of timely data (vessel position, identity, and movement), fu~ts (vessel draft, weather, and
maneuverability), and control process structure (voluntary or mandatory participation,
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vessel control or position monitoring. ¢te.) in order to make the hest decision and then

monitor the outcome of that decision,
b. The Command Supervisory Post (CSP)

The most important part of a C? system is the Conunand Supervisory Post

(CSP). This is the conceptual point where decisions are made, In a VTS, the CSP is the

VTC. Figure 3 on page 20 illustrates Morris's CSP model. This model details the types

of information used to make a decision in a CSP. Decisions are made by both the hu.

man decision makers as well as automatically by the C? system software. ‘The decisions

made solely by the C system software are generally constrained to a specific response

to particular set of data conditions. An example of un automated C? decision s software

sounding an alarm when a radar contact moves out of an established transit zone,
¢ An Expanded CC Model

Boyd's QODA Model and Morris's CSP Model are useful as conceptual

auls in secing the need to segment €* into distinet [unctions. In order to apply this type

of conceptualization to fitting a V18 into a Coast Guard wide C? system, it is necessary

to expand the model.  Morris's expanded niodel (Figure 4 on page 27) detuils the C?

process into eleven functions. The following list annotates these steps with conunents

relitive to the inclusion of VTS information as one of several informuation sources for
an upper echelon CSP [Refl 21: p. o).

1. Data Acquisition « VTS data is currently acquired from three sources. ‘They ure

video, radar, und voice communication. When this information enters a €7 system

it should be in a standard form. This will allow for design modularity and flexibile

itv. - Lach source of information will reguire u subsystem to put the dati into a
standard format,

*o

Dat. Assembly, Valldation, and Corrclation - Raw data is assembled into a usable
[orm for a database and checked for validity.  Raw data is correlated with data
stored in a database. For VTS mformation this may be seen as linking the incom.
g data to @ particular datie set (ship niame) that includes a wide range of infor-
mation including present position, historical position, and deseriptive information.

3. Data Processing » Data is processed in order to provide further information such
as course, speed, und other relevant information,

Jo Data Updating - Processed data is written on to a database record. This is similar
to the VTC operator annotating the Vessel Tracking Card (Figure 1 on page 18).

L7

Duta Storage - The updated Jdatabuse record is placed into storage for use in a
tactical displuy, vessel traftle analysis, and communication to external 7 systems,

6. Information Display - Real-time information is combined with user selected infor-
mation and displaved.  In a VTS this could be reul-time radar contacts being
overluyed on a digital chart with the composite being displayed on a computer
monitor. Lach contact could have its identity, vessel tvpe, and similar information
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Figure 3. DMorris’s Command Supervisory Post (CSP) [Ref. 21: p. 12]

displayed. Potentinlly dangerous situations could be highlighted for operator
action,

7. Data Retrieval - Information is selected for display, or [urther analysis based on the
desires ol the user.

8. Decision Making - This is where the human ¢lement and the information process.
ing element of a C* system meet, Some decisions are made automatically, based
on rules established within the C* svstem. The user may modify these rules and
select other informntion to better suit his or her current needs. .

9. Command Dispatching - This function provides the decision maker with a means
to control the C* environment. In the current VTS systems, this function is carried
out over VHF-FM voice radio circuits.

10. Command Implementation - This function contains the interface between the de-
cislon maker and the C? environment. It {s easily characterized as the VTC
Watchstander ordering a ship to anchor, The regulutions supporting VTS require
the vessel to comply, so the vessel acknowledges the order and carries it out.

11. Controlee Actions - Within the overall environment the C? system is designed to
detect purticulur events. Controlee actions, such as maneuvering to anchor, are
events the C? could detect and monitor. [Ref. 21: p. 6]

In a mucro sense, a VTS is one of several information sources that could
be availuble to Const Guard decision makers. A large scale C? system would use some
of the information stored in a VTS C system, based on the nceds of the decision makers
running the upper echelon C* system. In this context it is important to note that the
comununication systems supporting such a svstem are as important as the lower Jevel
C* systems. A C? svstem linking geographically separated information sources will de-
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Figure 4.  Morrls’s Expanded C Model [Rel. 21: p. 6.)

pend heavily on rapid and reliable information transfer. This dependence must be con-
sidered part of the sophisticated systein.
3. C System Examples
a. 1Wordd-1ide Military Command and Control System ( WIVAICCS)

WIAVMCCS was developed in the late 1960s and is used to [acilitate the
planning and execution of military operations. It is composed of over eighty mainframe
computers being linked by a dedicated data network using the Department of Defense
AUTODIN system.  Many mini-computers and terminals are also linked into the sys-
tem. This equipment is centered in about thirty locations worldwide, WIWMCCS con.
tains database information on the operational status of military units. The database
includes information regarding geographic position, mission readiness, training status,
supply status, personnel status, and equipment problems, Operational units input in-
formation using strictly formatted message trafTic. Authorized users are able to select
the information they necd, and display it, in a wide variety of ways. WWMCCS also
includes tools used to assist with planning military operations.

As a Crsystem, VTS difTers [rom WIWNMCCS in that VTS requires real-time
information oriented to a particular geographic location. WIWVMCCS may be used as
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an analogy for 2n upper echelon Coast Guard (7 system that supporsts multi-mission
decision making and that requires standardized information from severd! sources.
b, Air Trqlic Control (ATC)

The T'ederal Aviation Administration (FAA) maintains an extensive Air
TrafTic Control (ATC) system throughout the United States. This system is often viewed
as a parallel to Coast Guard VTS systems. The ATC system is composed ol several
lavers of control being linked by various data communication networks. These lavers
[Rel. 20] include:

* Airport Traflic Area. This is the area within five miles of an airport with an oper-
ating control tower. All aircrult are required to comply with the instructions ol the
federally manned control tower. Airport Surveillance Radar (ASR) is used to de.
tect and control airborne traflic.

® Airport Radar Service Area (ARSA). This is the area within twenty miles of busy
airports. All aircralt are under radar surveillance und are required to comply with
ATC directions. ARSAs contain one or more Airport Trallic Arcus and the asso-
cittted ASR svstems,

¢ Air Route Trallic Control Center (ARTCC). This is the heart of the ATC €7 sys.
tem. The LS. is broken into several geographic sectors, ench belng serviced by un
ARTCC, Tracking information from ASR und ARSA radurs selectively flows into
and out of the ARTCC based on the path of an aircrul. ATC sector controllers
"handofT" this information as an aircraft moves [rom one area to another. he
handofT is in the form of contact identification and tracking information only, The
handofY information is digital data which may be passed over high speed, narrow
band communication links. The new controller hooks the radar contuct to begin
the automatic tracking process. The ARTCC is also the link between a pilot’s
fight plan and the ATC. Through this system ATC manuges route congestion and
airport arrivals and departures,  This is done through a combination ol route se-
lection, holding an aireralt at a particular airborne arca, and nuthorized departure
times,

The major dilTerence between ATC and VTS is the degree of control over
participants.  Unlike Coast Guard VTS, ATC assumes direct control of all conunercial
air traflic. This includes takeoll, routing, speed, altitude, and landing instructions. The
ATC system is designed to facilitate both safety and traflic volume. Duc to the speed
of jet aircraft and the complexity of U.S. airspace, the ATC C? system requires direct
human control, extensive redundancy, and in-depth training for both the user (pilots)
and €7 system controllers. In the busy U.S. airspace, ATC requires real-time radar in-
formation with a data latency of less thun one second.

The Airport Traflic Area and its ASR system provide a good unalogy for u
Coast Guard VTS C system. The ASR covers n limited geographic area and passes
surveillance information to the upper echelon sectors (ARSA und ARTCC), It does not,
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however, provide the denth of service or planning flexibility needed for multi-mission
operational support. Incorporation of the real-time ATC Jdata into the planning func.
tions and information structure of the WWMCCS system illustrates, conceptually, the
direction that systematic planning can tuke Coast Guard VTS systems.

¢, Automated Mutnal-Assistance Vessel Rescue System (ANVER)

The Automated Mutual-Assistance Vessel Rescue System (AMVER) is an
international, computer based position reporting service run by the Coust Guard, The
purpose of the system is to provide a database of commercial vessel positions that can
be used for SAR response in arcas not covered by a SAR resource. Vessels file vovage
plans using several communication sources including commercial and government radio
stutions and services,  These messages are manually entered in the database.  Vessel
positions are Kept current using subsequent position reports und dead reckoning tech-
niques,  When requested by one of the Coast Guard OPCENs, the AMVER database
is queried with a position and radius. The identity and position of participating mer.
chan vessels is returned. Nearly 2300 vessels are active in the database daily. This re-
presents approximately one third of the world’'s merchant fleet,

AMVER participation is voluntary for forcign flag vessels, U.S. flug vessels
are required to participate under the U.S. Maritime Administration’s U.S. Merchant
Vessel Reporting System (USMER) The USMER system is designed to provide the
position of U.§. merchant vessels for SAR and national defense purposes. USMER ine
formation is forwurded to the Coast Guard AMVER svstem, the US. Navy, and to the
U.S0 Maritin Administration,

C. COAST GUARD PROJECTS AND COMMAND AND CONTROL
1. Adoption of ¢¢ In the Coast Guard '

The Coast Guard has started to integrate ¢ into the daily routine of the oper-
ational Coast Guard. In the following pages the author will outline some of the ime-
portant policy movements within the Coust Guard und brielly describe projects related
to both ¢t and VTS,

a. C Policy and Operating Precepts
In an eflort to establish an integrated €2 policy within the Coast Guard, the
Commandant conumissioned a study to determine and document the strategic direction
of information svstem technology [Reft 27: p. 21 While the focus of this study, titled the
L.S. Coast Guard Information Technology Architecture, was on Coast Guard adminis-
trative information systems, the policy that the report established directly impacts the




design of Coast Guard (3 svstems, Of the major strategies identified. the following most
directly impact the design of a VIS (2 system.

(1, Fedeval Information Processing Standards /FIPS . The Coast Guard
will comply with the emerging Federal Information Processing Stundards (FIPS). These
include:

¢ POSIN (FIPS 151). Portahle Operating System Interface for Computer Environ.
ment.  This standard provides a tool that is designed to provide a vendor inde-
pendent interface between application programs and machine specific operating
svstems. This will allow programs to be written in a manner such that they can run
on many machines, without expensive and difticult conversion. The standard is
applicable for all computer systems {rom micro computers (PCs) to main frumes.
POSIN delines @ € language source code level interface to an operating system
environment and will mature to inciude other languages including Ada, Iortran,
Puscal, und Cobol.

o GOSIP (I'IPS 146) Government Open Svstem Interconnection Profile. "t set
of standards reguires all federal agencies to use the sevep laver 1SO Open System
Interconnection (O81) protocols for new and updated information systems and
networks,

o SQL (FIPS 127), Dutabase Lunguage SQL (Structurcd Query Lunguage). This
standard is designed to promote portability of database definitions and application
progranis between computer svstems, It specifies two languages that make up a
relational database management system. While SQL is not specilically designed lor
distributed svstems, it does include enough flexibilite and power to allow for this
type of programming.

i

12, ITS-2000 and Conunercial Telecommuatication Systems.  The Infor-
mation Technology Architecture report also established that data, message, record, and
voice transmission is to be accomplished using the most cost ellective means available
while meeting user requirements  lor response, sceurity, interoperability. and
survivability, This is to be accomplished primarily through 7S-2000 and commercial
telccommunication svstems {or shore-to-shore needs and through a combination of ra-
dio, satellite communication, and cellular phone systems (close to shore) for Coast
Guard ship-air-shore commuaication links.

r3j  Natioual Security Regulations, The Coast Guard's information tech.
nology architecture will also follow National Security Regulations. 'One of th: most
important aspects of this policy is the requirement that computer systems using sccure
information must be wholly separated from non-secure svstems, This regulation specifs
icully prohibits teleccommunication links between non-secure and secute information

svstems. This requires use of an "air gap” data transfer system.
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b.  Information Technology Architecture Precepts
In 1988 the Coast Guard completed a study on the design of an Integrated
Command Center (1CC). The purpose of this study was to:

: ..provide a top-level structure for promoting tcamwork and efficiency among all
participating functional arcas of the conumand center complex [Ref. 19: p. 4.1,

. In doing this, the ICC study reccmmended adoption of four precepts. These precepts
further indicate the Coast Guard's shift toward intcgrated C? planning. The precepts are:

¢ Focus on the needs of the principal decision makers.

¢ Command Centers (or OPCLNS) should function as a “single entity”, a unified
team with closelv cooperating members. Command centers should be functionally
integrated, even though they are physically sepurated.

¢ The ICC must be prepared for all modes of operations,  This requires th, 1CC 1o
be organized and cquipped to handle all possible missions or mission combinations
as well as being prepared for extended high tempo operations during civil or mili-
tary crisis,

¢ The ICC must he prepared for all possible security requirements, [rom non-sccure
SAR cases to bighly secure military operations.

¢, dutomated Geolocutional Platting Capability
. During the course of the ICC study. the strengths and weaknesses of Coast
Guard OPCENs were highlighted. The report noted:

The general luck of an effective and fullv integruted automated geolocational plot-
ting capability emerged as onz of the most severe deficiencies of the command center
survey.  An automated geolocational plotting capubility refers to the capability of
an ADP svstem 1o provide tools for disnlaving high-resolution, video-based charts
of significant geographic areus. Such o cupabifit\' necessarty includes varving chart
scale and incorporates cconomic, military, and’ cultural cartographic features, as
Jesired, as well as the capability to overlay trackplots of high interest vessel tradlic,
Such « capability has been demonstrated to be of great value in SAR operations
where rapid location of SRUs (Svarch Resowrce Units) is required, and in LE opere
ations where multi-vessel miterdiction operations requires near-continuous know-
ledge of all vessel positions. A Key element of this capability is the automated
processing (i.e., ploiting) of vessel track data extracted from formatted message
trallic, This capability would be particularly useful in high intensity crisis and MDZ
scenarios. {Refl 19: p. 2-10)

2. Coast Guard CC Projects
A "fully integrated automated geolocational plotting capability” is an example
of the type of computer enhanced C that the Coast Guard needs, The Coast Guard has

a number of projects underway that are designed to meet the C? needs of the service,
In the following paragraphs the author will briefly describe some of these projects. The




technologies being used by these projects are state-of-the-art and must be considered in
the design of a second gencration VT8,
a. Tactical Computer Systems
The Coast Guard is designing two tactical computer systems. They are the
Shipboard Tactical Computer (STC) and the Geographizal Tactical Computer (GTC).
The purpose ol these systems is to improve the tactical information management and
decision support within the Combat Information Centers (CICs) of Coast Guard Cutters
and Group and mission specilic (third echelon level) OPCENs. These systems will inte-
grate seasors, displayvs, communication, and advanced computing technology to provide
a geographically oriented tactical display. The information sunmarized in the video
display will be tailored to the needs of the decision makers commanding an operation.
While the GTC project is in the “concept definition” stage, the prototype STC was in-
stalled in USCGC Hamilton during March of 1990 [Refs. 28, 29}, The initial $TC svstem
capabilities are briefly listed below. ‘
®  Accept digital heading and spesd input from ship's gyro and doppler speed log.

o Accept digital radar turget data (air and surfuce) from a SPA-25G or RAYCAS V
radar indicator,

o Accept digital ship’s position information from LORAN, GPS, and other clectronic
SOUrCes,

o Aceept Over-the-Horizon (OTIH) and Aerostat turget and data information. This
tvpe of information is received via radio trunsmission and demodulated into digital
information. This capability includes use of U.S. Navy N7DS informuation.

® Aceept intelligence and operational information from a Coast Guard standard
workstation. This information includes suspect vessel descriptions, lovations, vessel
sightings, and similar intelligence information.

® Display and manage navigation quality digitized charts including a zoom function.
Patrol, SAR, transit, and similar operational and intelligence information can be
overluved the navigational charts.

¢ Overlay real-time and intelligence target information as well as own ship’s position.
® Assist with operational planning (SAR, MLE. Warfare) through selective plotting
of tactical information.

This system provides a very flexible tactical €7 system through its display
and planning features, Information is put into the system through specially designed
interfaces that feed a database. When STC is fully mature, it will use a LAN to link
shipboard information svstem resources. The LAN will be the duu! token ring fiber-
optic network hnown as the U.S. Navy Shipboard Adaptable I'lexible Embedded Local
Arca Network (SAFENET). With the incorporation of SAFENLT, STC will aceept and
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display many  additional information  sources including SONAR and [lectronic
Counter-Mcusure (ECNM ) information. [Ref. 30 ]
b.  Coast Guurd Duty Communication

The Coast Guard is looking into several digitul data communication cone.
cepts. The purpose of these types of systems is to increase the information Now between
operational resources and the operational commanders. One of the concepts being ex~
plored include High Frequency Datalink (HFDL). This program uses high specd syn-
chronous modems to transfer digital data over high [requency (3-30 MHz) radio circuits.
Lventually this program may lead to the development of a Coast Guard packet radio
network.

The Coast Guard is also establishing its own data network. This data net.
work is call the Coast Guard Hybrid Data Nevwork, This network will consist of both
Jedicuted and dial-up telephone lines used to route E-Mail protocol messages, 1t will
establish an N.28 Wide Arca Network (WAN) providing Coast Guard-wide connectivity.
This system will be the backbone of administrative manugement as the Coast Guard
moves toward a paperless environment. It is also possible that operational information
will low over this system in conjuctions with projects similar to the HFDL describwed
above [Rell 29).

¢ Automated Dependent Surveillance System

These sy tems use a sadio circuit to automatically transmit position infor-
mation from un operational platform of interest to a Coust Guard OPCEN. An vxample
ol this type of system is Geostar Corporation’s Radio Determination Sutellite Service
(RD§S) Such systems use satellite navigution and sutellite communication technologies
to link position information to & shore based OPCEN. The Coust Guard is considering
the use of this type of system to automate position and status reports for operational
units such as boats and aircraft,

d. VTS System Updates and Reestablishment

As mentioned in Chapter 11, Congress is requiring the Coast Guard to re-
establish VIS New York., The initial phase of this project will be completed in August,
1990 with a final completion date of 30 September, 1992. The requirements of this
project include use of integrated target und digital chart display [Ref 23: p. 68} This
capubility is similar to the capabilitics of the Coast Guard's STC project. Other V1S
projects that are being investigated include:
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Re-opening VTS New Orleans,

Lapar ding the surveillance capabilities of VTS Prince William Sound. Due to the
remoteness of the area, the Coast Guard has determined that expiansion ol the ex-
isting radar system is not an aceeptable option.  Automuted Dependent Surveil-
lance is being considered [or this project [Refl 22}

o Up-date of VIS Tlnuston Galveston's computerized vessel tracking system. This
project is designed to bring the computer system (hardware and software) up-to-
dute. The end result will provide a more flexible, capable, and user {riendly system
[Rell 31

o Lapansion and Modernization of VTS Puget Sound. This project will expand the
VIS area farther south, into Tacoma. In addition the Coast Guard is looking into
modernizing the overall VTS system |Rell 32,

e.  Shipboard Radar Update
The Coast Guard is planning to start the process of replacing the surfuce
scarch radar svstem used aboard the service's cutters,  The current radar system, the
A N-SPS-0d series, was introduced in the middle 1970's. Most of the current VTS sys.
tems also use a varintien ol this radar svstem in an effort to maximize the obvious
economies of scale. Determination of the replacement system and feet installation will
be carried out over the next three to five years [Rell 28] The author expects the Coust
Guard to continue the practice of equipping V'S systems with the "standurd” Coast
Guard radar system,
Jo Coust Guard ADP Updates
The Coust Guard is in the process of modernicing its ADDP resources. This
program involves replicing out-ol~dute computer systeris, rewriting major application
programs, and establishing a major data network. The applivation progrums are bemng
rewritten in conjunction with the computer system replacement as most of the programs
arc machine specific. Some other programs are recciving o mujor overhaul in order to
accommodate necessary changes.  This will allow the Coast Guard to move toward
compliance with the GOSIP and POSIX standurds, Listed below are some of the pro-
griaums being rewritten or overhauled.

o PMIS JUMPS - Personnel and puy administration.

¢ AMVLR - Automated merchant vessel position system for SAR.

o CASP - Computer assisted SAR planning.

¢ SARMIS « SAR management information svstem for general data,

¢ MSIS I - Maritime safety information databuse,

AMMIS - Automited requisition management svsteni,
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D. SUMMARY OF REQUIREMENTS FOR A VTS ¢ SYSTEM
Coast Guard VTS systems will become onc of several sources for a larger C? system
used to support the operational needs of the Coast Guard.  Based on Coast Guard
progress in establishing computer enhanced support systems, the author expects this
integration to occur over the next three to five years, In order to support a lurger sys.
tem, the second generation VTS will have to be developed using a common base of
standards for information systems architecture, purticularly with regord to data format.
This effort will require an integrated pluan that includes the following modules.
I, Distributed Database Architecture
As one ol several informution sources [or a larger system, the new VTS systems
will have to create a database of information. This database will contain real-time, dy-
namic, and static data in a standard format. Information {rom the data base will be sc-
lectively drawn by VTS personnel to create u tuctical display. The dutabase information
will ulso be yueried by upper echelon €2 systems needing tactical information.  This will
be accomplished through the use of open system interfuces as estublished in the GOSIP
requirements,  This cun be conceptunlized through the use of $TC within a V1TC while
allowing superior €3 systems to receive the Jutabase information via 11DN.
2,  Communications Support
Development of an distributed €7 system requires development of a highly ca.
pable communicution system linking the nodes of the € system. In his book, Morris
states:
o The full exploitation of the potential power of €2 systems can only be achieved
by merging both the processing equipment and the communication network in a
single operational conliguration, that is, blending them into a single sophisticated
svstem [Rell 20 21
Although separate from the data acquisition, processing, storage, retrieval, and
display subsystems, the communication subsystenm is an integrul and equal part of any
ciTective C? system, This is the basis for the morc common terminology, Command,
Control, and Conununication (Q).
3. Informatlon Security
Integrating several information sources in a hierarchical C? system will require
the use of both secure and non-secure data. This type of data fusion must be conducted
through the use of a one-way communications link that segregates secure data from
non-secure data acquisition.  Technology will have to be implemented that provides the
same degree of protection us the current “air gap” requirement.
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4. Management Support
A VTS G system must support the management functions of planning, real-time

operations management, and analysis of historical data. This system should allow use
of the database information and graphical display tools in an planning (not real-time)
environment, while the VTS (real-time) operation continues. Due to the regulatory na-
ture of VTS, the track information becomes an important element of an accident inves.
tigation and must be securely maintained as a legal document. In addition, the
information is valuuble in the analysis of the overall port operation and. in particular,
analysis of the effectiveness of the V1S system.




1V. SELECTED TECHNOLOGY FOR COAST GUARD VTS

. SURVEILLANCE
A. ASSUMPTIONS FOR TECHNOLOGY SELECTION
. During the author’s interviews and research, several themes ran through the opin.

ions, documentation, and duta. These themes are discussed in the following paragraphs
and create a group of assumptions. These assumptions are necessary in order to assure
that technologics surveved for V'S surveillance ure feasible within the fiscal, opera.

tional, and pubiic service constraints of the Coast Guard.

1. Low System Cost

The recent fiscal austerity within the Coast Guurd has kept the VTS program
from maturing with improved technology. In spite of three highly publicized oil spills
(Prince William Sound, AK;: Huntington Beach, CA: und New York Harbor), there has
not been a public call to expund or improve the Coust Guard's VIS system, lmprg\'c-
ments to VTS will be funded on a competitive basis within the Coust Guard. VTS must
. compete against the daveto-du\ operational, maintenance, and administrative needs of
the Coast Guard.  As a small ageney within the Department of Transportation, the
. Coast Guard does not have the financial resources for original design und development
ol new svstems or technologies, These fiscal construints will force new VTS systems to
be composed of existing, commercially uvailable, and relatively inexpensive modules,
This sort of acquisition strategy can allow the Coust Guard to ficld a new and flenible

system at a minimal cost, in o reasonable amount of time,

2. Lconomles of Scale

Development of & second generation VTS will not enjoy the cost reductions re-
lated to the cconomies of lurge scale production, The actual number of ports served by
4 Coast Guard VTS is not expected to significantly chunge, Euch port served by a Coast
Guard VTS system has different geographical, climute, and trafMic density characteristics.
This requires a specilically tailored mix of VTS technologies to meet the port needs.
Usc of a modular upproach to the desiyn of 8 VTS system will provide the floaibility and
muy provide some cost savings and is consistent with the design needs of a computer
enhanced (7 system. One example of the Coast Guard's efTorts to spread the cost of VTS
systemt development over several programs is the possible use of the Shipbourd Tuctical




Computer (STC) as the VTS backbone architecture. Although developed for shipboard
use, STC hardwiare and software can provide most of the functions necded in a V1C,

Another area of possible savings is use of sensor and communications equip-
ment (radar, VIIF-I'M, computers) that is standard throughout the Coast Guard. This
will provide a wider equipment acguisition, operation and maintenunce cost base.

3. Use of Current Capital Assets

Wherever possible, the Coast Guard will use capital assets (equipment and land)
that are already owned or controlled. Acquisition costs and administrative delays in the
federul procurement system require this. The existing rudar systems, All and Raytheon,
will continue to provide survelllance information for many vears. VTS New York will
use radar and radio sites that the Coast Guard currently controls, even though the sen-
sor coverige will be less than optimum [Rell 33]. The design of a new V1§ system
should be modular in order to allow use of the best sensor types based on the overall
needs of the VTS system. The cost of the sensor suite should be balunced uguinst the
fiscal constraints of the Coust Guard,

4. Action in the Public Sector

Many of the constraints placed on the design of a second generation VTS are
political in nature and stem [fom the Coast Guard's service In the public sector. In
many cuses this role has created a requirement for immediate action, rather than an en.
pincered solution to a studied problent.  As a plaver in the public sector, the Coast
Guard reacts to the demunds of the people, normally voiced through Congress. In the
citse of VTS New York, this mechanism is requiring the Coast Guard to “throw to-
gether” a system to meet a Congressional mandate to have the VI'S on-line within a
vear, Syvstem engineering, in this cuse, is limited to design with what is cither onshand
or quickly and ecasilv procured.  Long range plunning is not possible in a reactionary
environment.

Coast Guard VTS systems provide a public good where the benefits ure shared
by both the V1§ participants and local arca population and environment. The burden
of paying for this service will continue to come from the public sector, not from the us-
ers, The idea of "user [ees”, for any lederal service, continues to run into political walls
in Congress. The Coast Guard, through the Ports and Waterways Safcty Act (PWSA),
can require certain classes of vessels to carry particulur equipment. The cost of that
cquipment is the responsibility of the vessel owners. In the past the merchant marine
{ndustry and boating public have been cooperative in complying with Coast Guard ef-
forts to enhance maritime sufety und environmental protection. This is because their
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out-of-pocket costs have been relatively small compared to the benefits of carrving the
Coast Guard requaired equipment.
& System Integration

The Coast Guard will continue to move toward an integrated environment
where informution from many independent sources and operationul resources can be
managed through computer enhanced €7 systems. VTS will be a subsystem for larger C
systems serving the overall mission needs of the service, VTS C systems will rely on
computerized interfuces, duta exchange, und flexible graphics capabilities for dav-to-day
operation and planning. The GOSIP requirements will force the Coast Guard to im-
plement standurd protocols. This will enhance data exchange, network development,
and the interoperability of resources through data sharing.

6. Nature of Information Returned to VTS Participants

The Coast Guard will continue to provide reul-time information to VIS partic.
ipants in the form of voice trafMe reports. In general, the Masters and Pilots of the ships
participating in Coast Guard VTS systems are happy with the information provided over
the voice cireuit [Rell 34] Advance warning of other traflic, by voice, allows them to
prepare for und monitor the actions of the other ships. Merchunt ships are required to
curry amd use radar. Most are also equipped with a wide array of comumunications and
navigation equipment that allows them to receive weather reports and charts, navigation
warnings, and similar information prior to entering the VTS, VIEF-IM provides u ¢clear
voice channel in nearly all weather situations, allows for use of dillerent VIIF-I'M
channels in different V1S sectors, and the equipment is relinble and inexpensive. Mod.
ular design of a VTS system will allow for the automution of the tralTle data exchange
when public acceptance and manpower workload require it

B, TUNCTIONAL MODEL OF A VTS
Bused on the information in Chapters 11 and 111 of this thesis, a functional model
for a VTS (Figure $ on page 40) was developed. The basic functions of a VTS system
are brielly discussed below:,
I Information Collection
A VTS relies on three basic types of information put. They are:
* Target Detection and Identification.
* Turget Tracking.

o Miscellancous Target Information including vessel name, dralt, length, destination,
and cargo.
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Figure &  Functional Model of a VTS

Vessels entering a VTS must be detected and identified in order for the V1S to
be able to track vessel movement. The ability to detect an'unwilling or unusual vessel
Is essential to the operation of the V1S, The MDZ, SAR. and ATON missions require
a VTS to detect or search for vessels or objects thut will not or cannot participate in the
VTS system.

A VTS relies on tracking information to determine the position of each vessel
in the VTS, VTS operators normally do not track small (typically pleasure or fishing
vessels) contacts, but monitor their activity in a general manner. The operators watch
for dangerous situations involving actual VTS participants. One example is a heavy
concentration of sailing vessels in or near a commercial shipping lane due to a scheduled
sailing regatta, The VTS would monitor the traflic and provide VTS participants with
advance warnings of the unusual traffic. This sort of surveillance requires a VTS to have
a detection capability,

As mentioned in Chapter I, a VTS collects an assortment of information re-
garding each vessel participating in the VTS, This information includes dralt, cargo, and
destination. This miscellaneous information provides important data that rounds out
the overall view of the VTS, VTS participants also report navigation aid discrepancies,
unexpected weather, and similar information which is recorded in the VTC.
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2. Inbound Communication Links
This is the physical means used to transfer information into the V'S svstem.
Currently the inbound communication links include VIHF-FM voice radio and wideband
microwave. One ol the major needs ol the VTS program is to reduce the expense of
these communication links. In gencral, link expense is proportional to the bandwidth
of the channel. Wideband links are much more expensive than narrow band links, The
wideband microwave links are currently owned by the Coast Guard whereas narrow
band livks are commonly available lor lease, inexpensively, in the commercial market,
3. VTS Command Supervisory Post (CSP)
The functions of a VTS CSP, or VTC, are complex and include the ability to
assist the VTC decision maker to assimilate information {rom several sources into a
concise picture of the current status of the V1S, This is primarily done using the vessel
tracking and miscellancous data available in the VTC. Detection and identification in-
formation provide the basis for the VTS tracking process. V'S decisions are based on
the wide variety of information available in the VTC. When necessary, orders may be
passed to V'I'S participants using the outbound communication links.
4. Outbound Communication Links
The outbound conununication links provide the connectivity necessary for the
effective operution of a VTS, Traflic and navigation safety information is provided to
VTS participants using the VIIF-FM voice network within the VTS, Prior to entering
the VTS ships may reecive similar information using other communication networks
such as Coast Guard high frequency teletype broadeasts, Surveillance sensors are cone
trolled using narrow band communication links. Future VTS systems should provide
information to superior * svstems.  This may be done using high data rate packet
switching services with a DS1 or greater data rate.

C. TECHNOLOGY REVIEW

In the following paragraphs the author will review some of the technologies capable
of providing some or all of the functions necessary to operate a V15, These technologies
will be reviewed using Figure S on page 40 to organize how each could be used in a VTS
systent. Following this, the author will review some of the technologies that the Coust
Guard has rejected for use ina VTS svystemn,

The techinologies that are most applicable to VTS full into threc categories. The
three categories are:

41




¢ Direct transmission of surveillance information using wideband svstems. For the
purposes of this thesis, wideband is defined as greater than 1.544 Mbps (DS1 or
T-0 for digital signals or 100 K11z for anulog signals. In simple terms a wideband
signal cannot by carried over a voice grade conununication circuit,

¢ Remote processing of surveillance information allowing use of narrow band trans.
mission systems, Narrow band is defined as a data rute of 9600 bps or less for
digital signals or analog signals having a bandwidth of 3000 K11z or less. Signals
of this type are able to be transmitted over voice grade communication circuits.

¢ Svstems based on technology other than radar or video surveillunce and using a
hybrid mix of teleconununication technologies.

The first two categories deul with transmission of radar and video camera signals
from a remote site to the VI'C. The third category deals with technologies that would
allow the Coast Guard to move away from radar and video camera surveillunce sources
altogether. In general, these non-radar and non-video camera systems rely on a group
of wechnologies that require the cooperation of the turget to provide surveillunce infors
mation to the VTC. These technologics are termed "dependent” because the system re-
lies on data transmissions that originate (ro target vessels.

1. Direct Transmission of Wideband Surveillance Information

The technologies included in this category are cupable of transmitting wideband
radar and video camera signals. These technologies muke up the mujor portions of the
current inbound communicution liak illustrated in Figure S on page d0. The data links
must be capable ol supporting an analog signal with a bandwidth of 10 M1z, This is
the bandwidth ol the radar (video and synchronization signals) and LLLTV video signals
used by the Coast Guard. In general, the signuls required [or control of the remote radar
und video camera equij ment can either be incorporated within the 10 Mllz link or car-
ricd by separate voice grade links having a bandwidth o' 3 K1z or less.

a.  Microwave Systems

Microwave communication systems provide a line-of-sight wideband com.
munication link., This link is based on the use of highly directive antennas with a
transmission frequency in the range of 1.71 Gllz to 40 GHz. Microwave transmissions
suffer a substantial signal strength loss duc to atmospheric efTects. This free space loss
limits the overull range for a single hop microwave system to approximately 50 Km.
Weather conditions, particularly rain, snow, or sand can further degrade a microwave
link. In general, microwave systems using the lower authorized frequencies provide
longer ranges und are less susceptible to weather related signal loss, Disciplined system
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engineering can provide a microwave svstem with a reliability of greater than 99.95%
[Refl 18t pp. 3-15 to 3-17].

r1, Analog Microwave Systems.  Analog microwave systems are common
in the comumunications industry. Theyv provided the backbone of the telephone industry
through the 1970's. The technology is mature, system engineering refined, and a wide
variety of products exist in the commercial murket. Both AM and FM modulation
techniques are commonly used. AM microwave systems enjoy better spectral efliciency
and have become niore popular recently [Rel. 35: pp. 4.17-4.18). A low to medium ca-
pacity analog microwave system is capable of providing up to 20 Mliz of bandwidth.
This is sullicient for the needs of a VTS,

12, Digital Microwave Systems.  Digital microwave systeims are replacing
unalog systems as the conununication industry moves toward use ol purely digital sige
nalling. The telephone industry’s backbone networks use only digital signalling. A low
to medium capacity Jigital microwave system has a capucity of up to 25 Mbps, The use
of o ligital microwave system for the existing Coast Guard VTS equipment would re-
quire conversion ol an anunlog video signul (radar or vidco camera) to a digital repre.
sentation of that signal (A1) Conversion). Use of modern conversion techniques, like
Adaptive Diflerential Pulse Code Modulation (ADPCM), would create a digital signul
at a rate of more than 100 Mbps, Advanced digital modulation technigues, like 16QANM,
allow transnussion ol more thun one information bit per Hertz. These digital modu-
lation techniques could be used to transmit digitized radar and video camera video
signuls over a Jow to medium capicity (25 Mbps) microwave circuit, 1f the Coast Guard
continues to use the existing VTS radar and camera display equipment, it would also be
neeessary to reconvert the signals from digitul to analog foriaat (D-A Cenversion) for
use by the VTC display equipment. '

b.  Satellite Microwave Spystems

Satellite communication systems operate in the same manner as terrestrial
microwave systems. This is due to the [act that satellite systems onerate on comparable
frequenicies and use similar equipment as terrestrial microwave systems. There are two
major diflerences between terrestrial and satellite microwave systems. One dillerence is
that having o rvepeater in space provides an extremely wide coverage area for a satellite
system.  The other diflerence is that the satcllite signal must travel 75,000 Km between
the terrestrial source and terrestrial receiver. This causes a delay of about S00 msec be-
tween reception of a signal and acknowledgement ~f the received signal. This delay must
be accounted for in computerized data transfer systems, A typical commercial satellite
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channel (C-band) has a bandwidth of 36 MIlz. These circuits are capable *f providing
dara capacities up to S0 Mbps. A satcllite system channel 1s capable of carrving sur-
veillance signals from either radar or video camera sources. Analog service is possible
over these systems but digital signalling is, by far, the predominate technology. Use of
a satellite system would require A-D and ID-A conversion if the existing VT'S surveillance
and display equipment is used. {Refs. 20: pp. 49-84., 36: pp. 305-323]
¢. Guided Media Systems

Guided media inciudes all cable transmission systems. The signals are
guided within the cable. and not radiated through the atmosphere. The use of guided
media removes the probabilistic effects of atmospheric propagation loss, leaving a highly
predictable loss function that is based on the physical media being used. The two types
of guided media cupable of wideband transmission are fiber optic systems and coaxial
cable systems.  These media are characterized by their point-to-point nature (verses
broadeast technologies), the need for periodically spaced amplifiers (analog systems) or
repeaters (digital systems), the need for cuble right of way, and terminal equipment costs
being 252 or less of the overall cost of a system, |

71, Optical Fiber Systems.  Optical fiber transmission systems are come.
posed of the following components.

o Semticonductor Light Sowrces, Light Emitting Diodes (LED) and Injection Laser
Diodes (IL1) are used as fiber optic svstem light sources, LEIDs are highly relinble
and inexpensive but have a low cutput power, ILDs are slightly less reliable,
temperature sensitive, more expensive, and have a much higher light output power,
A 830 mm LED source (which is standard) is limited to a maximum data rate of
100 Mbps and 2-3 Km in distance (without a repeater).  Higher data rates and
longer, repeaterless, distances are possible with ILD light sources [Rell 36! pp.
53.36).

o Optical Fiber Cahle. Optical fiber cable is made of a thin filament of glass sur.
rounded by a glass cladding laver.  This is in turn surrounded by o protective
polymer covering, Scveral small cables may bundled together along with stiflening
and strengthening material to form an optical fiber cable. The core filament varies
in thickness from 8-50 um depending of the type of optical fiber cable used. Optical
fiber cables are approximately ten times lighter in weight than a coaxial or twisted
copper pair cable capable @f carrving the same data rate,

o Semiconductor Photo Detecrors. Two detectors are available, the PIN photodiode
and the avalanche photodiode (APD). These devices convert light energy to elec-
trical energy. PIN detectors are less expensive and less sensitive than the APD
Jetector,

The use of optical fiber transmission systems has grown cnormously
over the past ten years. Optical fiber is used extensively for the long haul trunking sys.
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tems of the major telecommunication companies. Optical fiber use is also spreading into
metropolitan arcas for use in the Jocal loop feeders which connect the subscriber loops
to the telephone compary central oflice.  Optical fiber is ulso being used for undersea
cables, Locai Area Newworks (LAN), and is planned for use in Metropolitan Area \et.
works (MAN) [Rell 20: pp. 26-45]). Optical fiber systems enjoy the following ct aracter-
istics:

o Extremely wide bandwidth. 2 Gbps typically. Tests have shown that serial bit rates
of' 8 Ghps arc possible [Rell 20: p. 44},

¢ |mmunity to electrical intericrence.

o Analog and digital signalling capability. Analog signalling is normally limited to
short haal links not requiring amplification,

¢ Repeater spucing of 40-50 km at a duta rate of S00 Mbps (digital signalling) or 2-3
km for analog signalling at 4 Mz Bell Labs has demonstrated 1 68 Km
repeaterless digital link at 8 Gbps [Ref, 36: pp. 34).

¢ Splicing of fibers is difficult [Rels. 200 pp. 23-24, 38 pp. 17.30-17.31],

Optical fiber systems have the bandwidth necessary to directly trans.
mit the video signals from VTS radar and video camera sites to the VIC. In fact, there
is sullicient bandwidth for multiple video signals to be curried. Realistically, the surs
veillance signals would be digitized und possibiy multiplexed for transmission over this
type of guided media.

r2, Coexial Cable Systems,  Coaxial cable trunsmission systems include
the ubiquitous cabie TV (CATYV) networks that are common throughout the United
States.  Coaxial svstem are characterized by the physical dimension, and thercfore the
impeduance, of the coaxial cable. Couxiul cables range in thickness from about .3 to |
inch. These systems typically have a bandwidth of 350 M1z or more with a data rate
of 500 Mbps, Coaxiul cable is used for both analog and digital signalling.  Repeaters
or ampliliers are necessary at intervals of 10 km or less, with the distunce decreasing as
the data rate or frequency of the transmission increases, Coaxial cable is simpler to
work with than optical fiber as cable connections are casilv made without loss of signif-
icant signal strength. Recent trends in the telecommunication industry bave been away
from the use of coaxial cable due to the decreased cost and increased signal efficiency
of optical fiber s: stems. [Refll 36: pp. §0-83]

d.  Commercial "Videhand Telecommunication Services
r]) T3 Service. Comumercial telecommunication companies are able to

provide digital service up to the DS3 (44,736 Mbps) rate. This service is provided as a
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leased line service and is availuble in major metropolitan arcas. T-3 service is gencrally
implemented over optical [iber networks, however microwave circuits arce also used. As
T-3 service reguires a digital format, A-D and D-A conversion would be necessary if the
existing VTS equipment was to be used.

12, Integrated Service Digital Nenwork (ISDNj. 1SDN service is being
provided in isolated major metropolitan areas. The bandwidth available over current
ISDN circuits is limited to 1.544 Mbps using the Primary Rate Interface (PRI). As
ISDN e¢volves into a robust network architecture, the maximum available bandwidths
will increase. The H-Channel fumily will provide expanded bandwidth with the maxi.
mum being 1.920 Mbps on an 1112 channel. Broadband ISDN (B-ISDN) is also under
development and will further increase the availuble bandwidths, It is expected that both
the H-Channel and B:ISDN will be based around fiber optic technology. Neither service
has been ¢ammercially deployved. '

3. Remote Processing of Survelllance Information

In this section the author will review an emerging technology that allows
transier of surveillance data over low bandwidth communication links. This capability
is possible due to high speed digital processing of radar information, at the remote radar
site. "T'his technology is modular in that it can process nearly any radar signal, use any
twosway low bundwidth communication link, and can be combined with other digital
data (digital charts and geographic overlays) to create an integrate display in a control
center,

4.  Radar Scan Conversion

The heart of u remotely processed radar information system is a radar scan
converter. These units accomplish the following processes:

¢ Accept and condition raw radar video, azimuth, and trigger signals.

Digitize the incoming radar information.

Convert the radar data from polar (rho-theta) to rectangular (X-Y') form.

Detection of moving targets, target extraction, and target tracking.

The output of a typical radar scan converter provides target tracking information in a
format that can easily be transmitted over voice grude communication links. This target
tracking information creates a “Target Table” which simply lists the identity tag, posis
tion, course, and speed of targets detected by the radar and processing system. Target
extraction is based on the contact being present for three to five consecutive antenna
sweeps, Contacts that do not meet this, or other user-adjustable criteria, do not receive
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furthe: processing.  This scan-to-scan comparison is the same basic technology em-
ploved in the AN SPS-121 VTS radar system to reduce the instance of [alse targets, sca
and rain clutter, and similar interlerence,
b. VTS Systems with Radar Scan Conversion .
Radar scan conversion alone could allow the Coust Guard to move toward

use of inexpensive data links (9600 bps voice grade telephone, VHF-FM radio, etc.).
Effective use of scan conversion would require the Coast Guard to move toward fully
synthesized video, raster scan display technology. One example of this technology is
Rudar Digital System’s VTMS.87 90 VTS system. This technology uses remote radat
scan conversion, local (VTC) gruphics processing, and high speed data processing to
provide the following capabilities:

¢ Improved radar clutter control.

® Color displays using high resolution daylight viewing computer mounitors.

¢ Display of user selected digital chart information including coastline, aids to navi-
gation, port fucility, and similar information.

¢ Overlaid vessel information based on the radar derived target table database en-
tries. The vessol tracking cupabilities include all the Munctions of the ARPA syse
tems which are part of the AN $P'S-121 VTS radar system.

® Target alarms based on proximity to other targets, chunnel boundaries, navigu.
tional dungers, or operator selected criteria,

¢ Control of remote radar sensors is accomplished using low data rate communi-
cation links. Control parameters include radar gain, interference rejection settings,
range sclection, ete.. [Refll 37)

This type of integrated system closely matches the functional requirements
of a VIS (sce Figure § on page 40) and has the possibility of reducing the operating
costs of a VTS, This is possible due to the decreased costs for the inbound communi-
cation links and a possible reduction in V1IC manpower levels due to greater system
automation. The planning needs of a C system are not directly addressed in vendor
literature. Given the rapidly improving computer capabilities, planning tools (scarch
planning. facility positioning, etc.) could be added through software additions to a
standard VTS package.

¢.  Fideo Signal Compression

Compression of video pictures can reduce the bandwidth necessary lor
transmission of the information. While this technology is being dewveloped primurily for
use with video conferencing, VTS surveillance systems could beneflt from the reduced
bandwidth. The compression techniques require the video to be shifted to a digital for-
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mat. The most comumon A-D conversion technique is PCM. This digital information
is stored as a frame which is similar to a photograph; it is static. This original, or base,
frame is also transmitted to the remote site. When the next frame is digitized, it is
compared to the original. The only information returned from this process are the dif-
ferences between the two frames. This change information is then transmitted and
processed at the remote site. There are many complex techniques that are capable of
compressing a video signal. Every system will degrade as motion, or changes, between
the frames increases. The most optimistic systems claim to be able to reduce a video
signal from about 90 Mbps (using PCM A-D conversion) to 19.2 Kbps. This degree of
compression will degrade severcly with motion. A more practical compressed data rate
is in the range of 3.1 Mbps to 384 Kbps. A system working in this rangs should be ca-
pable of reproducing the motion typical in a VTS video signal. [Refs. 18: pp. 4-10 to
4-13, 3§)
3. Alternatives to Radar and Video Camera Survelllance
a, Dependent Surveillance

Dependent surveillance is a technology that is applicable for some V'S
mission needs,  The term “dependent surveillunce” means that the target of interest is
an active participant in the surveillance system. The remote target is active in that it
transmits a short digital message containing an identiflcation tag und position data. This
data is used by a surveillunce nnd tracking system at a central location, In general a
dependent surveillunce svstem is made up of the following components:

¢ Llectronic position determination system. Typically the systems currently available
us¢ LORAN C to determine the geographic position. Other possible systems in-
clude Omega, Deccn, Global Positioning System (GPS), and inertial navigation
sVStems,

o Conununication link equipment. As the targets of a dependent svstem are mobil
in nature, a radio communication link is necessary, The bandwidth requirements
are determined by the overall system needs. Voice grade radio links are generally
capable of currving the position information. The radio system propagation char-
acteristics determine the geographic boundaries of u dependent surveillance system.

o Target display system. Information from targets is typically used to build a data-
base of target positions. This information can be displayed by laying it over a
digital map. Computer systems cupable of medium to high resolution graphics can
be used to run the database engine and as well as act as the display medium for a
de;cﬁ_;:ndcm surveillance system. This component provides most of the functions of
a C? system,

71, Radar Beacons. An example of a dependent surveillance system
based on radar beacons is the FAA's 4090 Trunsponder system. Nearly all aircrult are
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equipped with microwave transponders that reply to an interrogation signal.  This in-
terropation signal is transmitted by equipment that is coupled to FAA airscarch radar.
The airborne transponders transmit a four digit code that FAA controllers instruct a
pilot to enter. The transponder transmits this identifving code and the aircraft altitude
when the airsearch radar "paints” the aircraft. The FAA has also established particular
codes that indicate communication equipment failure, aircraft highjacking, or general
emergency. When FAA ground systems receive one of these special codes, an alarm is
sounded and the ajrcraft is highlighted on the radar display system.

An important elcnient of this FAA system is the use of a robust C?
svstem that displavs operator sclected information, including the radar beacon data.
This svstem automatically tracks sclected beacons and displays relevant data including
position, altitude, and converging targets. Using visual symbols and audio alarms this
svstem greatly reduces operator workload, helps manage the airspace system, and en-
hances the safety of the system participants. A system similar to this could be imple-
mented in a V'S arca.  Commercial vessels that are required to participate in the V1S
arc also required to use rudar and carry other electronic equipment. Transponders ¢ould
be added to the list of required equipment. The interrogation equipment would be added
to the existing Coast Guard radar systems, The VIC display system would have to be
modilied to uccept and efliciently display this added information. [Refl 20 ; ATM para.
31, 170, 451, dol, 463, 471

72, Divection Finding ' DF, Systems, One of the simplest, and hest un-
derstood, dependent surveillance systems is a direction finding system. These systems
use two or more Jand based stutions equipped with highly directions untennas to derive
bearings rom the DF station to the active transmitter on the target. These bearings are
used to “triangulate” a geographic position for the target. Use of line-ol-sight radio
propagation technology (VI UHF, Radar) increases the accuracy of the bearings and
allows for sectored operations within a VTS area. Use of a coded transmission, like the
FAA 4096 transponder system, would allow determination of target identification as well
as target location. Use of a system of this sort would also require addition of a C? dis-
play system in the VTC. |Ref. 18: pp. 8419 to 5-21, 7-23 to 7-30)

13 Geostar Corporation RDSS. One of the most robust of the com-
mercially available dependent surveillance systems is Geostar Corporavion’s Radio De-
termination Satellite Service (RDSS).  As the product's title implies, RDSS uses
microwave satellite communication links, Thesc links are based on short burs’, spread
spectrum communicution techniques. Use of satellite links allows this system to cover
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a very wide geographic arca. Their most advanced syvstem, System 2C, uses two satellite
links and covers all of North Americe and the Caribbean Sea. One link is used to send
short query and alphanumeric messages, to the target system. The other link carries the
target's position information back to Geostur's control center near Washington, D.C.
From the control center Geostar uses conimercial electronic mail systems to forward the
position information to their customers. This system includes one«way message handl-
ing (to the remote target only), The RDSS process takes about three minutes to com-
plete and includes the following steps:

I. Geostar Control querics the target. The query is cither a periodic report, with the
period determined by the customer, or a special request [rom the customer. A short
alphanumeric message may be included in the query.

2. The target receives the request, displays the alphunumbric message (il included),
processes the navigation informatlon, and transmits the reply,

3. Geostar control receives the reply, ucknowledges it back 1o the target, processes the
information, and forwards the position to the customer’s display sy stem.

Svstem 2C uses LORAN C to electronicully determine the target's
position. LORAN C has been shown to have an accuracy of hetween onc-half and five
miles, depending on the location of the target relutive to the LORAN transmitting
stations.  System 2C is currently used by severa) major trucking firms and the federal
government for tracking nuclear muteriuls shipments). Use of LORAN C as the posi
tion determining subsystem precludes System 2C [rom use in a V'S due to the poor re-
solution of the reported positions.  The Coast Guard has determined thut the data
latency is too long lor use in u VT'S system.

During the spring ol 1992 Geostar intends ta field their new system,
Geostar System 3, This system will use the Global Positioning System (GPS) for posi-
tion determination.  This will provide position accuracy of the precision necessury for
remote surveillance In a VTS, Geostar's System 3 should have an acevracy of between
five and ten meters and a data latency in the order of a few seconds. GPS accuracy can
be changed by the U.S. government by activating the Sclective Availability (S A) mode
within the constellation satellites. This would downgrade the accuracy to approximately
100 meters for non-military GPS users. This precision should still be acceptable for V1S
operation.

DifTerential GPS (DGPS) is a technique that can be used to increase
the 1ccuracy of position information to between 7Scm and § meters. In a DGPS system
a master DGPS unit is positioned at a fixed anid precise locution, Knowing its own ac-
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tual position, the master unit culeulates the difference between the actual position and
the position developed using the GPS. This difference may be broadeast over a norrow
band radio link. Mobile DGPS units receive and use the differentiul intormation in their
position calculutions. DifTerential GPS systems are capable of providing this highly ac-
curate position information even when the GPS satellite S'A mode is activated. [Rel.
39|

b. Pussive Sonar Sensors

A passive sonar sensor networks can collect VTS surveillance information.
Such a system would consist of sonobuoys being moored ucross a harbor cntrance.
These sensors would be linked to a central processing station in the VTC, The link could
be narrow band.  Such a system would provide detection and tracking capabilitics.
ldentiflcation of the turgets would be nearly impossible, Uilective detection and tracking
requires a highly trained und experienced operator as the automatic processing equip-
ment is less.capable thun a good operator. Due to the technology und methods involved,
such & system would most likely be classified.  Operation of the system would be ex.
pensive due to che requirement to periodicully servige the sonobuoys and to maintain a
pool of trained and experienced operators, The cost of sonar equipment is directly re-
lated to the equipment capabilities as measured in detection range and tracking accu.
rueys [Refs 180 pp. el to 1146, J0: pp. 8-1§]
4, Rejected Technologles

The Coust Guard hus conducted wide ranging rescarch on the best means of
providing the functions necessary for an effective VIS, This reseurch hus concentrated
on target Jetection, identification, and tracking. Some rescarch has also been done on
the communication links necessary for V'I'S operation. Table 8 on page 32 outlines the
results of rescarch projects that have shown a technology to be inappropriate for use in
a VIS, Tuble § on page 52 ulso indicutes, brielly, the reason for such a decision.

Some of the technologies reviewed are not feasible for use in a Coast Guard
VTS system. This is primurily due to the expense of designing, developing, and fielding
a technology that is used only by the Coast Guard. The chance of an independently
developed Coust Guard system being truly efficient and efTective is small. It would luck
elliciency due tu economies of scale in production, user acceptance would be low, and
maintenanve costs would be high due to the need for specialized purts, tools, and tech-
nician training, Listed below are the systems that fit this category of possible, but not
feasible, VTS technologics.




¢ Maritime radar transponders. Would require development of custom interrogation
svstems and ship mounted transponders, user training, and development of an ue-
ceptable display systen,

o Direction Finding Systems. \Would require development and use of an extensive
receiver network in each port, User equipment would have to be developed to
transmit a “packet” with a unique 11 code for each ship. Equipment costs would *
be high. Design of a Coast Guard display system would be necessary,

¢ Coast Guard Dependent Survcillance System. Design of a Coast Guard owned and
operated dependent surveillunce system would be very expensive due to the design
and development costs. There is a wide range of technologies that could be used
to link the position reports to the VTC, With the exception of satellite based sys.
temis, the propagation characteristics of the transmission systems would require
construction of individual receiving stations, information processors, and displays
systens,
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V. EVALUATION OF SYSTEMS

A. EVALUATION CRITERIA
. Criterla Introduction
The criterin developed to evaluute VTS surveillance system technology stem
from the issues discussed in the earlier chapters bl the thesis. These criteria focus on
how VTS may best {ulfill its missions and [it into the larger operation of the Coast
Guard. Fiscal realities require the Coast Guard to optimize the cost of a system within
the context of the wide range of Coast Guard responsibilities. 1f a second generation
VTS can work in an integrated manner with other operational resources, the Coast
Guard, und VTS, will become more cllicient and efTective through the symbiotic re-
lutionships between missions and resources,
2. Criterla Categorles
The evaluation criteria form seven basic evaluation categories. Each category
contains severul major arcas of emphasis, ‘The following parugraphs highlight the c'me-
gories and arcas of emphasis. The evaluation criterin categories are:
o Ability to safely und efliciently control vessel trufTle,
¢ Ability to adupt to chunging mission needs.
¢ Ability to enhance Coust Guard C capabilitics,
¢ Ability to reduce VTS operating costs.
¢ Ability to adapt to technology changes.

¢ A rcasonable implementation time frame.

A reasonable expectation of system aceeptance,

a, Ability to Sqfely and Efficiently Control Vessel Trqfflc

The primary function of a VTS surveillance system {s to provide the VTC
with traflic data that can be used to monitor and control vessel traflic, The degree of
control varies with the dynamic situation present within the VTS area. Typically the
Coast Guard monitors truflic {low rather than actually controlling it. The capability to
control trallic flow is, however, an hnpormm element of the VTS structure. This capa-
bility will beeome more important as traflic density increases. During periods of militury
port operutions, such as a mobilization or natural disaster, a VT'S may be tasked with
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the direct control of trafTic flow. Any new VTS system must be capable of providing at
least the same level of control as the current systems provide.

The ability of a system to salely and efliciently control vessel truflic has
three major clements. These elements are discussed below:,

71, Data Latency. Duta latency refers to the period of time that it takes
for a system to sense, process, and display surveillance data. Data latency is a critical
factor in the Coast Guard's ability to safely and efficiently contro! traflic in a VTS area.
A vesscl under VTC “control” receives general directions and information. The Coast
Guard needs the ability to check vessel movements for compliance with V1C orders,
trafTic regulations, and navigation requirements.

In a general sense, the Coast Guard needs to make sure vessels stay
on their side of a shipping lane or channel. Assuming this is the case, an acceptable data
lntency can be caleuluted based on vessel speed and the transverse distance the vessel
would have to move to physically leave the channcl. Data latency would therefore be
a function of the channel width and would decrease to a shorter period of time as a
vessel moved Into increasingly constricted navigation areas. A surveillance system must
be able to provide surveillunce information with an acceptable data lutency bused on
cither the most constricted V'I'S arca or based on vessel location. Using vessel location
as the tool for judging data latency would ullow the “acceptable” latency to change bused
on vessel location within the VTS,

t2; Data Accuracy. Accurate data is essential to efficient and effective
control of vessel trallle.  The ability of the proposed data links to accurately support
data flow is well established by the communication industry and will not be further
eviluated. Sensor accuracy must be considered. The necessary degree of accuracy may
be viewed as a function of channel width in a similar way as data latency. Based on this
assumption, a surveillance system should be capuble of providing position data with
enough accuracy to allow the Coast Guard to “sec” that the vessel is safely in the chan.
nel. The most constricted channel may establish the highest degree of accuracy neces.
sary. A graduated accuracy scheme bused on vessel location und channel width should
also be acceptable.

3, Data Interpretation and Use. A VTS system is a form of C? system.
The data must be displayed in a fashion that allows the watchstanders and supervisors
to interpret the current situation in the VTS arca. Display technology is important to
the ellective use of information. The techniques used to display surveillance data should
follow well established guidelines for data display. In general these guidelines include the
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amount of Jdata displaved; use of symbols, flashing svymbols, and color; as well as use of
"user friendlv” techmgues for data and sensor manipulation.
b, Ability to Adapt 1o Mission Needs

The mission of a VTC is constant with respect to monitoring traffic safety.
However, this is the mininium mission level. A VTC may also be tasked with additional
and concurrent mission areas including SAR, MDZ, MLE, and ATON. EfTective exe-
cution of these additional missions afTect the overall requirements for a fully cupable
VTS system. The following paragraphs highlight some of areas that must be considered
to evaluate a fully capable VTS surveillance system,

71, VTS Surveillance Capabiliyy. Addition of missions or a change in
mission priority may require difTerent surveillance capabilities. Under the PSS mission,
the VIS may only need to track willing (dependent) targets. During periods when the
MDZ mission receives a high priority, the VTS may be required to detect and track une
willing contacts, sub.surliice contacts, or very small contacts (like periscopes). A VTS
svstem should therelore be capable of supporting a sensor suite capable of performing
the surveillance necessary for the missions at hund.  This added capability should be
avuilable without a major system change. The ability to integrate diffcrent sensor types
is important to the overall flexibility of the VTS system.

12, Display Flexibiline,  As the VTS nussion changes it will be necessary
for the operators to tailor their displays to emphasize the information they need to per-
form the mission or missions assigned. A common scenario involves VTS purticipants
steaming through active SAR search arcus. If the VTC watchstander Jdispluy included
a representation of the search areas, the participant could be advised to assist in the
search while moving through the area. In some cases it could be useful to dedicute a
survelllance display to a particular mission by [liltering out routine VTS information.
These examples illustrate the degree of [lexibility need for an eflective C? svstem.

13, Support of U.S. Navy and Other C? Systems. The MDZ mission re-
quires Coast Guard V'I'S to conduct surveillance in an attempt to protect vital naval and
national resources. This requires a detection capability and, possibly, the ability to
interfuce with U.S, Navy €* systems. The most eflicient method for this interface is
through a computer network interfuce where sclected VTS datu is transferred via a
gateway. This sort of svstem could also be used to interface vessel traflic data with
“loreign” users such as the Canadian VTS system adjacent to Puget Sound and the
maritime industry in general.
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t4, VTS System Expansion. Lxpansion of mission requirements often
creates a demand for expansion of VTS surveillunce arcas. Expansion of the suryveillance
arca normally requires the additien of sensors, inbound communication links, and
changes to the display hardware. The current VTS systems are not easily expanded.
One of the nceds for a seccond generation VTS is to be [lexible enough to allow for sys-
tem expansion without the absolute requirement for additional display equipment and
manpower, This capability will also allow for the design of a standard VTS system that
may be tailored to the specifi= needs of the many ports served by Coast Guard VTS.

e, Abllity to Enhance Coast Guard C* Capabilities

During a study of the Coast Guurd's management of major automated sys-
tems the U.S. General Accounting Oflice (GAQ) stated:

«the Coast Guard's ability to accomplish its missions depends on its ability to im-
Elﬂcjmcnt information systems that serve the needs ol the orgunization overall [Ref.
As the Coast Guard brings its information resource system up to a modern capability,
V'l S should be capable of taking advantage of the increased communication eapabilities.
A VTS system should be capable of importing and exporting information for the use of
the decision makers needing information. ‘This will require the VI'S €7 svstem to be ca-
pable of using both LAN and WAN technologics to send or receive traflic surveillunce

and other operationul Jata,

t1,  Support of Queries from Remote € Systems.  With an Increase of in-
formation sharing, it will be necessary for the end users to determine exactly what VTS
information they need. Use of a standard query lunguage, such as SQL, can maximize
the connectivity and flexibility between the svstem and a local or remote end user.

r2i Support of C* Decision Making, A VTC C? system must support the
decision making processes within a VTC regardless of the mission priorities. During
emergent SAR there will still be a need for routine trallic monitoring. The VTS system
should provide the C planning and presentation tools necessary to allow for flexible use
of the system. The display should be capable of presenting information relevant to all
operutional missions. 1t must also be cupable of filtering this information to allow for
a display tailored to the needs of the user.

d. Ability to Reduce V'TS Operating Costs

One of the fuctors driving the author to review Coast Guard VTS systems

Is the cost of keeping aging VTS systems operational, Given the fiscal pressure to reduce
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costs, new systems must be less expensive to operate while increasing the efficiency and

effectiveness of the VIS, Opceration costs are split into four categories. Some of the

technologies evaluated will fit into one cost category while others may bridge all four
categories. The lour operation cost categories are:

¢ Sensor operation.

¢ [Inbound data link operation.

¢ Display systemn operation,

® j’crsonnel,

The largest cost of ope~.:ting a VTS is the cost of the personnel. The eval.
uation will inciude the ability of a te.hnology to reduce the man-power nceded to salely

and efTiciently run a VIS, Listed below are some of the technical capabilities that can
allow a VTS te meet this goal.

o Automated target ucyuisition,

¢ Automated target tracking.

o Automated target alarms based on trallle conflicts, navigation warnings, loss of a
turget by the sensors, and ATON tracking,

oo Ability to Adupt to Technology Changes
Given the rapid udvancement of computers, and electronic equipment in
general, it is importunt that the Coast Guard be uble to take advantage ol emerging
technology, Modular design, based on V'S functions, will allow future VTS systems to
mature with technology changes, This will allow the Couast Guard to take advantage of
more advanced processing und surveillunce capabilities without the need to scrap mod.
ules that remain eflicient and eflective.

Jo Amplementation Time Frame
The Coast Guard VIS systems are twenty veurs old and need to be re-
placed. Ir the best case, the time between selection of a system and its operational
fielding would be three yeare. The evaluation of the technologies will consider the time
necessary to get a system on-line.  This is particularly important when evaluating an
emerging technology.

& System Acceptance
In order for & VTS system to be effective, it is necessary that the users (the
maritime comu.unity) accept and trust the system. One of the major fuctors aflecting
user acceptunce can be yuantilied by the size, cost, and case of operation of equipment
required for VTS participation. It is equally important that the Coast Guard accept the
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system Coast Guard aceeptance may be quantilied by the cost, complexity, {lexibility,

and overall uselulness of a svsten.

B. SYSTEM EVALUATION
I. The Nature of VTS Systems

No single technology can fully address the system needs of Coast Guard VTS.
An optimally configured VTS system must balance the usefulness of the selected sensors,
the operating costs and data latency of the inbound communications link, and the ad-
vantages of the sclected display system against the overall purchase price and system
opueration costs over A ten to twenty year life span. In the following paragraphs the
author will evaluate the eflectiveness and costs ol technologies within each functional
group. This will be lollowed by an evaluation of a proposed system based on technolo-
gies selected from each functional arca.

2. Evaluation of VTS Sensurs

Table 9 on page 59 summarizes the evaluation of the most [casible V'S sensors.
The author’s conunents regarding cach sensor tvpe are outlined below., None of the
sensors surveyed ¢ . address the full range of needs for a VTS, For the sensors to be
aseful they must be linked to a VTC and the datu must be processed and dJisplayed in
an cflivient and eflective manner.

a. Radar

The Coast Guard is using radar equipment that is aptimized for use as a

shipboard, surfiuce scarch radar. The reason for this is based on the theory of economies
of scule in maintair'ag one radar type throughout the Coust Guard. 1t is important to
note thut the accurucy of data from a radar is function of target runge. the characteristics
of the radar transmission and radar antenna equipment (including pulse repetition {re-
quency, emission polarization, and beam width), and the weather in the area. In normal
practice radar range is set for a twelve nautical mile observation radius. Based on the
characteristics of the A N-I'PS-121 radar system, this creates a maximum range error
of 240 vards und a maximum azimuth error of 1250 yards. These error ranges decrewse

lincarly as a function of the target range. The common Coast Guard opinion is that the
accuracy possible with the current VTS radar is sullicient for routine VTS purpuses.
Thus, radar sets a standard for sensor accuracy and probability of target detection.
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Table 9. Evaluation of VTS Sensors
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Vidvo Cameras

Video cameras are used only in very confined areas that are not suited for
radar coverage due to sharp bends in a channel, physical obstructions, or a requirement
for one-way traflic in a confined arca. A single video camera cannot provide position
information on a target. The probability nf detecting a target is a function of the dis-

tance to the target and the clarity of the atmosphere in the area. On a typically clear

day, Coast Guard experience has shown that a ship can be detected up to ten miles




away, and identified up to three miles away. LLLTV systems can provide detection and
identification of contacts during the dark hours of the day, but at shorter ranges. The
detection range for LLLTY is a function of ambient light as well as the factors conunon
to 4 normal video camera. During periods of low visibility due to inclement weather or
smog, video cameras are ineflective for target detection or identification. EfTective use
of video cameras requires a large output of manpower. Given the lack of positioning
information, video techuology is not cost effective for most VTS applications.
¢ Sonar

Sonar provides a means of detecting and tracking subsurface contacts. As
discussed in Chapter 1V, this technology requires highly experienced personnel, expen-
sive supporting equipment, and has limited capability for use in the typical VIS envi-
ronment.  One possible use for sonur is the cstablishment of a sonar barricr at the
seaward reaches of important ports during periods when the MDZ mission is a high
priority, V'S personnel could, with training and experience, monitor the barrier {or
“unfriendly” sub-surfuce activity. Given the equipment costs, sonosuoy network maine
tenunce costs, und the reguirement for a high degree of munpower use of sonar tech-
nology is not cust ¢lTective for the typical, peace-time, operation of a VTS, '

d. RDSS

RDSS provides a means of accurately tracking cooperative targets, It does
not have the capability of detecting targets that are cither unwilling or unable to provide
a tracking signal. This lack of a detection capability is the major drawback to RIDSS.
RDSS cannot support any missions assigned to Coast Guard VTS systems that require
ability to detect vessels. The capability of sharing the cost of an RI)SS system reduces
the Coast Guard's investment. The display system supplicd by a vendor would up-grade
the overall capabilities of u VTC, but only for dependent vessel tracking.

e.  Voice Reporting Systems

Voice reporting systems are a type of dependent surveillance. In this case,
the target must verbally provide position information to the VTC. It is a well estab-
lished fact that this information is often in error due to untimely or neglected reports.
A voice reporting system alone is not capable of allowing the Coast Guard to efTectively
monitor vessel position.

3. Evaluation of Inbound Communication Link Systems
The inbound communication link, and specifically any remote terminal equip-

ment, can provide the degree of [lexibility necded to allow design of a “standard” VTS
system capable of using the optimum sensors for the assigned missions. The specifics
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regarding use of a particular communication link used should be transparent to a VT'S
user. Table 10 on page 62 summarizes the author’s link technology evaluation. The
author’s comments regarding cach technology type are outlined in the following para-
graphs.
a. Microwave Systems
Microwave data link systems provide an expensive but highly effective and
flexible conduit for surveillance data. These systems are well suited for use in very re-
mote areas where public utility services are not available. This flexibility is ofTset by the
purchase, operation, and maintenance expenses of operating a dedicated microwave
system.  Microwave data channels may also be used in metropolitan areas. Unflortu.
nately, these arcas often sufler from frequency allocation limitations due to microwave
congesticn. In these metropolitan arcas, short and successive microwave hops may be
necessary due to physical obstruction or severe interference in an optimal transmission
path,
b, Satellite Link Systems
Satcllite link systems (particularly wideband systeme) are an expensive, but
highly reliable, conduit for surveillance data.  The cost of these systems can normally
be justified when the terrestrial path distance is more than 1000 nules or extremely rug-
ged geography makes multiple hop terrestrinl microwave systems impractical. The most
efficient way to establish a wideband satellite link is to lease a data link through a con-
mercial service. or most Coast Guard applications use of terrestrial microwave circuits
will be much lor cost cflicient than a widebund satellite circuit.
¢, Coaxiul Cuble Systems
It is not practical for the Coast Guard-to own and operate a private coaxial
cable systeni. This is due to the costs of right-ofsway, cable, and terminal equinment.
Where available, a coaxial cuble system may be leased from telecommunication compa-
nies as a dedicated line. Leusing, in this sense of the word, involves leasing a data rate
or bandwidth capacity and leaving the specific path details to the contractor. If leased,
routine maintenunce and technological upgrade of the cable system would not be a direct
expense to the Coast Guard. The higgest drawback to the use of coaxial cable sysrems
is the fuct that it is not economical for use in remote areas where the Coast Guard would
have to construct, operate and maintain a dedicated system.
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Table 10. Evaluation of VTS Inbound Link Technologies

d. Optical Fiber Systems
Optical fiber cable systems are becoming available in most large cities. Just

as with coaxial cable, the Coast Guard would be best served by leasing a data rute ca.

pacity and leaving the path details to the contractor. Use of {iber optic cable in metro-

politan arcas should be feasibie in three vears, but only for VTS systems that will coexist




with commercial enterprises that are also demanding high data rate services from the
teleconumunications industry.  Use of an optical fiber network is not cconomicul in re-
mote areas. As with coaxial cable, economies -of scale would not occur for a private
optical fiber svstem developed, operated. and maintained by the Coast Guard. -

e. Bundwidth Reduction Systems

Bandwidth reduction can provide the Coast Guard the flexibility to choose
one of several inexpensive methods of transmitting surveillance data to a VIC, Re-
duction of the bandwidth can also allow the Coast Guard to put more information
through an established wideband data link that it currently owns and operates. This
provides one avenue for VTS surveillance system expunsion where the data link is a
limiting factor. Reduction in the signal bandwidth can allow the Coast Guurd to use the
most cconomical and simple data link available. Some of the possible systems include
VHF-FM radio, UHT radio, I{F radio, cellular telephone circuits, and terrestrial or
satellite voice grade telephone cireuits,

t1;,  Radar Scan Conversion,  Radar scun conversion cun allow usc of in-
expensive voice grade telephone or broadeast technologies for the inbound data link.
The fuct that the signal is converted to u digitul formut allows rapid processing of the
raw informution. The advantages of this digital processing spill over into the capabilitics
of the associated C? display svstem, The disadvantages to radur scan conversion are the
data latency (10 <15 seconds) and the fuct that it is an emerging technology. There is a
small umount ol risk involved in designing a system that relics on radar scun conversion.
The equipment cost would be offset by u large decrease in operation and maintennnce
costs ol the data hink. This is due to the use of inexpensive, narrow band, voice grade
circuits for the data link, Radar scan conversion is also applicable to other Coast Guard
missions, particularly MLLE, Using radar scan conversion, it would be a fairly simple
miatter to set up remote radar surveillinee of a "suspect” harbor and send the target data
to a central operations center via telephone or other voice grade circuits.

12;  Video Compression.  Use of a Codec (Coder-Decoder) to compress
video signals may become an eflicient means of reducing the cost of linking video infor-
mation Lack to a VTC. At present, commercially available Codecs are not capable of
reducing video signals enough to allow use of narrow band circuits. The use of “freeze-
frame™ technology and c¢ompression can allow transmission of the picture if a data
lateney of one to two minutes is acceptable. This technology is rapidly improving and
should be reviewed if video surveillunce is used as a primary surveillance sensor for V7'S.
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/. RDSS

A commercial RIISS dependent surveillance system includes its own in-
bound conununication link. In this case the link would actually be provided through a
lund based telephone network from the contractor's RDSS receiver, processing site. One
advantape of this type of systemn is that the Coast Guard would be relieved of the direct
expense of operating and maintaining a dedicated communication service. The cost of
the RDSS reports could be the responsibility of the maritime users while the cost of the
link for the contractor’s receiver site to the VTC would be the Coast Guard's responsie
bility. There is a possibility that RDSS will also be used as a position reporting system
for operational Coast Guard units. In this-program, the intent is to replace Coast Guard
safety and position voice reports with accurate and timely RDSS reports for Coast
Guard small boats, helicopters, und aircraft. These reports, as well as VTS surveillance
reports, would be “niped” from the commercial receiver processing center to a central
Coast Guar' location, then retransmitted to the nevessary Coast Guard orgunizutions
which would include applicable VTC ¢ systems. This would further defray the expense
ol operating an RISS bused VS,

x- Volce Reporting Systems (VHF-FM Voice Ridio)

Usc ol VIIF-FM voice radio is suflicient [or trunslerring the infcrmation
required for a voice veporting svstem. VHIE-FM is required for all merchant vesscls in
LS. waters and provides a ¢lear chunnel that is not greatly effected by weather, The
eflectiveness of a VTS bused only on voice reporting is marginal when compared to the
capabilities of more complex systems.

4. Display and €7 Systems

The display system is the heart of a V'S system. As a €? system, the display
system must be capable ol supporting the decision makers, regardless of the assigned
missions and mission prioritics, The ability of a V1§ to become a working part of a
larger C? system is dircetly affected by the technology used to support the VIC,
Table 1] on page 66 summarizes the author's evaluation of selected VTS display or (3
systems,

a. Manual Systems

The Coast Guard currently uses radar and video systems that require the
operator to manipulate and interpret target data. Effective use of these radar systems
require trained and experienced operators, Accurate interpretation of the data requires
supervisors to watch multiple radar and camera displavs. This increases the probability
of an incorrect decision. Most of the manual radur displays are well past their expected




equipment life cvele and should be repluced. The video cquipment should be updated
when significantly more capable equipment becomes economically available.  These
manual systems are inefMicient due to the need for a large number of trained and expe-
rienced system operators and the latency involved in calculating a large amount of traflic
information during periods when the VTS area is busy.
b. Automatic Systems .

Automation of VTC funcrions can provide the Coast Guard with accurate
data, a reduction in the required manpower, and a inore flexible system. Some auto.
mation was introduced into Coast Guard VTS in the middle 1970's when the
A'N-SPS-121 radar and display became a "standard” for VTS. The addition of this
equipment, however, did not keep the VTS Command and Control System up to pace
with the requirements of multi-mission tasking or with advancements in the computer
and clectronics industries,

t1, ARP:A Radar, ‘The Coast Guard uses an ARPA system that is inte.
grated into the A'N-SPS-121 radar display. This ARPA automatically track targets that
have been manually acquired and can display target information for one manually sc-
lected turget. While this system provides a fair amount of work relief for the radar op-
crators, there is still the requirement [or one operator to operate the cquipment for a
particular sector. Watch supervisors must observe several displays and interpret all the
data availuble in the YTC. There is no data [usion in these svstems. The A N.SPS.121
has the capability to output tracking data (through an RS-232 port) but the Coast
Guard does not use this capability, Advancements in target detection and tracking al-
gorithms, sweep-to-sweep correlation, and the digital enhancement of radar information
have shown that it is technicully feasible to operate an advanced, computer driven radur
network with fewer, less skilled. operators.

r2, Target Tracking Sensor Indicators 'SPA-25-G,;. In an cflort to
bridge the gap between the enisting ARPA radar displays and a truly integrated VTS
system, the Coast Guard is looking to use of the SPA.25-G display system. This system
requires the aperator to “hook” a target at least twice before tracking information is
computed. Once computed this tracking information can be integrated into a comput-
erized
C? system, like the Coast Guurd's STC project. One advantage to this indicator is its
ability to interfice to different radar and sensor systems, The disadvantage is the re.
quircment for the eperator to be intimately involved in target tracking within one spe.
cilic sector. For the expense of this display system the Coast Guard actually increases
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the workload on the VTS watchstanders as compared to the A'N-SPS-121 ARPA sys-
tem. This is due to the requirement to manually update the tracking plot for cach con-
tact on the SPA-25-G ndicator.
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Table 11. Evaluation of VTS Display Technologles

66




t3; Displavs Based on Radar Scan Conversion. The digitally processed
data available from radar scan converters can provide the Coast Guard with an eflective
and eflicient VTS C system.  This is due to the system programuming that allows sensor
and software modularity as well as user tailored display screens. These systenis have the
capability of providing a summuary picture of the entire VTS area or showing a highly
detailed view of some specilic part of a VTS arca. These display svstems are capable of
interfucing to external € systems as well as controlling the sensors themselves, The
computer systems used with radar scan conversion use up-to-date digital processing for
clutter suppression, gain control, target detection, and target tracking. Using faster,
morc capable processors, a radar scan convertor system can improve the capabilities of
the Coast Guard's existing radar systems, Use of this sort of system should allow for a
decrease in manpower due to the integrated and improved approuch to target detection,
tracking, and dutu displuy. Radar scan conversion also provides a way to implement a
radar network. This system would also be capable of integrating duta from other sensor
types as well as from data sources external to the VTS, ‘
rd;  RDSS Displays. The displuy systems available with commercial
RDSS systems are graphics based and provide C* advantages similar to those available
through a svstem based on radur scan conversion.  As these systems are generally
microcomputer bused, the software can be adopted to most any requirement. This cun
allow the RDSS information to be shared with external C? svstems. The sofltware for the
display svstem is generully provided and maintained by the RDDSS contractor (like
Geestar, Inc). This removes the expense to the Coast Guard for soltware development
and maintenance.  The possibility of linking the tracking information to external 2
svstems would hinge on the data rights incorporated in such a svstem and the clussi.
fication of the external C? systems.
5. System Cost Analysis
Table 12 on page 68 summarizes the equipment cost for a single sensor and
display svstem. This table does not include the cost of a data link due to the practical
requirement for a VTS to use the most effective and eflicient data link available in a
particular arca. In the case of VTS Prince William Sound, Alaska, a Coast Guard owned
and operated microwave system may be the only pratical data link while VTS San
Francisco may have the option of choosing from several difTerent technologies, For all
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the svstems surveved, the annual maintenance costs for sensor equipment ranges be-
tween ten and swenty pereent of the equipment costs. {Ref. d3: pp. 6-106]

Semvar anil Costy Data Link Terminal Type and Conts l)lgp'luy Tape and Conts
Radar - $80,000 Microwarve « $70,000 SA";?‘:}“'” Tracking Indicator -

Oplical Fiber or Coax - 440,000
Satellite « §30,000

Radar Sean Convertor - $70,000 Rasier Sean €3 System - $30,000
\ deo Camern » $28,000 :\'Jg:b;“;“?l;m:“::,":l“':’s icluded W Raster S¢an Monitor « $1,000
RDRS < £13,000 ,vessel equip.) Included in bnsie system VTC €2 Systom » 8425000
Codee « $70,04D
Sonnr Svstom « More thap $200.000 | Includvd i baue cost Included in basic cost
AT BN Voiee Radie - 810 00 Ineluded 10 base cost In¢luded In basie ¢ost

Table 12, Sensor and Display System Acquisition Costs

Tuble 13 sununarizes the non-maintenanee, recurring costs for each data link
technology surveyed. Annual maintenance costs are gencrally ten to twenty percent of’
the terminal equipment costs, Installution costs are not listed, as they vary widely, [Rell
42 pp. 6-10)

SRR AR R
Technunlugy {ontx
Aicrowave muntenanee iy« S18.000 ar 15", of pegusitinn cosly
Sutethie-wideband Annual lense custe grenter thu Manenn,
Satellteonatrew band Annual lvnse ot for J.wnd Vo grade sireant « $9n0
RDsS Senviee Chatges - 81,400 1o vessel wnd Sout,uon to Coasd Guard
:'?m’,:,“‘ Faber and Comvinl |y e cost will vary depending i datn rate necdud and service Asadabulny.

\aiee Girade {elephone

(9t b Serviee chanpe (lense) - $3,000

Vo Radio Cieunt Tor

narros band surverllanee Teeminal Cost + $20,0000 Annunl maintenance costs $3.000 or 15% of terminal equip.
data (VPN LT, ment costs
R

Table 13, Annual Data Link Costs

A determination of the “best” system for the Coast Guard requires clearly de.
fined mission requirements, surveillunce levels, and integration standards,  Since these
Jdo not exist for the Coust Guard V'I'S program, system flexibility and reduced life cycle
costs beconme predontinant fuctors in determining a best system. A reduction in required
manpower, rental costs (for leased svstems), or muintenance costs (for USCG owned
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systems) are therefore key clements in the selection of a system or technology base due
to the long range savings possible over the life cyele of a system.
6. Evaluation of a Proposed System

The following paragraphs describe a proposed, second generation Coast Guard
VTS. Geographically a VTS may be divided into three areas. They are the ofTshore
approach area, the active surveillance (harbor) area, and any areas inland of the harbor.
These arcas would be similur to the offshore approaches to San Francisco Bay, San
Francisco Bay (from about ten miles at sca to some demarcation line inland), and the
“river” arcas currently managed by the VMRS, For the second generation VTS, these
areas would be managed using an up-to-date C? display system capable of overlaying
navigation, topographic, and operational information on the contact data. Surveillance
of these three areas would be donce using the technologies listed below.

¢ Approuch Area - RDSS and VHF-FM voice communication circuits,

¢ Harbor Aren - Active radar surveillance using radur scan conversion and narrow
bund data links, Communication would be conducted over VHF-FM voice cir-
cuits,

o River Areas « RDSS and VIIF-IFM voice communication circuits.

Figure 6 on page 70 illustrutes this proposed system, the surveillunce equipment, and
data link technologies to be used.
The advantages of such a VTS system are listed below.

¢ Usc of any radar system.  This would allow continued use of the existing rudar
systems in anticipation of a standurd replacement system in three vears.

¢ Usc of low cost terrestrial narrow band data links (9600 bps).  This significantly
Jecreases operation costs and increases the {lexibility of sensor placement or [uture
SVStem expansion,

¢ Manpower reduction due to sensor integration.  The number of people actively
monitoring the V'I'S may decrcase as the integrated C? system automatically mans
ages contact tracking and display.

¢ Manpower expansion possible to meet immediate mission requirements. Use of
database approuch can allow for expansion of the VTC when necessary. One ex-
ample of this is the scparution of operator positions by mission area for SAR or
MDZ while routine VTS [unctions continue. It would be a relatively simple matter
to increase the number of “smart” displays to allow for such functionality,

¢ Scnsor expansion possible to meet mission requirements. The number and type of

sensors could be changed if the assigned missions or mission priorities warranted

. it. Any sensor capable of providing position information in an acceptable data
formut could be displayed by the €7 svstem,

¢ Support of other Coast Guard ¢* systems. The.VTS could export contact infor-
mation to other operational C? systems. Examples include providing data to an




Flgure 6. A Proposed Second Generation VTS

adjacent, but [oreign, VTS (as in the Puget Sound area) and allowing the LU.S. Navy
to use VTS informution for military tracking purposes,

o This svstem allows for implementation of'a VTS system based on a standard C?
“engine” system, inexpensive data links, and flexible sensor technology.

The disndvantages of such a systems include:

o Use of an emerging technology (radar scan convertors) and the attendant risk fac-
tor in flelding a system based on proven, but new technology.

* Requirement to customize a C? systern to meet the flexibility and display require-
ments desired. The Coast Guard's STC program could be modified for use in a
VTC. This would require an undetermined amount of money and time.

* Acceptance problems due to the general luck of a "real” picture ol the surveillance
arca. The ability to display the "real radar picture” is a requirement the Coast
Guard insists on having. Radar scan conversion technology can transmit a frozen
frame of "real” radar, but with a data latency greater than desired by the Coast
Guard.

Table 14 on page 71 lists the equipment and maintenanc costs for a single
sector VTS, excluding manpower. Sensor and sector integration will beneflt multi-sector
VTS systems by decreasing the manpower requirements. This reduction is a function

of the specific VTS requirements and is not applicable to this example.




Equipment

Purchase Cost (single time
expense)

Recurring Cost (on an an-
nual hasis)

Radar sensor svstem

S60,000

86,000

Ruadar s¢an convertor

S70.000)

$7.000

Telephone line data link
(9600 bps)

Unknown instullation fee
(less than S3un)

$3,000 (Conditioned tele-
phone leascd line)

Display System

S15.000 (equipment only,
Cost ol converting S1C
software to VTS applica-
tion is unknhown)

$1,500

RDSS for non-harbor
arcas

§425,000

SOUL per vessel in RIDSS
svsiem

Table 14,

Costs, Excluding Manpower, for a Propused Second Generatlon VTS




VI. SUMMARY AND CONCLUSIONS

One of the Coast Guard's missions is protection of the marine environment in and
near the United States. “vhe recent rash of pollution incidents in U.S. waters has high-
lighted the limitations of the twenty vear old Coast Guard Vessel Traflic Service (VTS)
systems. In general, Coast Guard VTS systems use radar surveillance of harbor sectors
to allow a Vessel Traflic Center (VTC) to monitor harbor traflic. Each radar requires
an operator, a wideband data link, a display, and enough redundant equipment to kKeep
the system functioning with a very high level of reliability. A supervisor coordinates the
Coast Guard's response to the immediate situation by observing the several radar dis-
plays and assimilating inforration from several other sources.

Coast Guard VTS systems are not standardized. Due to the age of the equipment
and a lack of duta integration, they arc expensive to operate and maintain, This is par-
ticularly true with regard to the microwave data links being used. .Coast Guard V1S's
work as isoluted systems. They function independently from the mainstream of Coast
Guard operations,

Advancements in the clectronics industry, and particularly the computer industry,
can significantly change the svstem architecture of Coast Guard VTS systems. The use
of modern, high speed computer technology can provide the Coast Guard with a highly
automated, accurate, und reliable VTS capability.  This can, in turn, decrease the cost
of ¥'I'S maimenance and operation, reduce the personnel levels required for routine op-
crations, and provide the degree ol flexibility necessary to allow VTS to operate within
the multi-mission environment of normal Coast Guard operations.

A. SYSTEM ENGINEERING FOR A SECOND GENERATION VTS

Design of a surveillunce system for V'S is dependent on the management aspects
of the program. Mission reguirements lead to system and equipment capability re-
quirements. The rollowing paragraphs highlight the author’s conclusions regarding de-
sign of u sccond generation VTS,

1. System Flexibility

The Coast Guard tradidonally operates in an unstable, multi-mission environ-

ment. A "good” VTS svetem must therefore be a flexible system, capable of meeting ever
changing mission demands, This flexibility can be accommodated through the use of a
modular system made up of sensors, data links, and a VTC €7 system for display of the
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sensor information and overall control of the svstem.  This system should be able to
export s irasr information to othier 7 svsicie throughout the Coast Guard.
2. Sensor Selection
VTS sensors should be viewed as an information source with an associated ac-
curacy and latency. Fiscal constraints and mission requirements should determine the
specific sensor or sensor types used. These sensors should feed a database and be con-
trolled by operator signals via the C system. Diferent missions dictate use of difTerent
sensors.  In a similar manner, difTerent ports have different surveillance needs. VTS
Valdez, AK mayv be most efliciently scrved through the use of an RDSS system: as there
is very little trafTic other than the oil tankers in the area. VTS San Francisco may need
a more extensive VTS due to the traflic density and a need for an active detection ca-
pability for SAR, MLE, and MDZ missions.
3, VTC C and Display System
The VTS € system would link the operator’s information needs to a computer
database und originate the signals needed to control each sensor. This would help to
optimize the efTectiveness and efliciency of the entire svstem by providing a high degree
of svstem [lexibility, The VIC €? system would display onerator-selected target data
and overlay graphically based information including buoy schemes, channel limits,
anchorage arcas, and similar typographical information. Integration of VTS target data
into a backbone Coast Guard network would also be handled by the C? svstem,
4, Narrow Band Data Links
The technology exists to allow the use of narrow band data links, regardless of
the sensor used. The cost of operating or leasing a narrow band data link is significantly
less than that of operating a wide band link. The cost of terminal equipment for a nar-
row band link is essentially the same as the terminal equipment costs for terrestrial
widebund circuits.  This equipment expense is small compared to the costs of building
and operating wide band circuits, The data latency associated with the use of narrow
band terminal equipment is approximately ten seconds.  Given that a ship travelling
twelve knots would only move forward sixty-seven yards in this period, this latency is
not significant for V'S purposes,

B. MANAGEMENT OF THE COAST GUARD'S VIS PROGRAM

In conducting rescarch on V'S technologics, the author determined that one of the
limiting factors was management of VTS as a program. VTS, in the Coast Guard, has
existed for more than twenty vears. The commitment of the Coast Guard, in personnel

73




and funding. has been very cyclical and generally dependent on Congressional awarcness
following marine pollution accidents. This “on-again, ofl-again” progratn support has
caused the Coast Guard's V'S system to age rather than evolve.

In order for a second generation VTS system to be properly designed, there are se-
veral arcas that must be specifically addressed. The following paragraphs outline the
author’'s conclusions regarding these areas.

1. Scope of the VTS mission.

The Coast Guard needs to specifically identify the missions that a VTS is to
carry out. The technological requirements for a true traflic management system (in-
cluding vessel routing, control of entry times, and vessel speed) are difTerent from those
for a system that simply monitors the progress ol independent vessels in a harbor envi-
ronment. The latter requirements form the original, twenty vear old, concept of Coast
Guard VTS. The sensor requirements for a system capable of monitoring port security
in a warfure or threat environment are very different than those for simply monitoring
shipping traflic in peacetinie.

Planning for a second generation V1S should include assignment ol spetilic
mission areas to V'S, This specific assignment would serve to detail what is routinely
expected from a VTS as well as any exceptional requirements stemming from assigned,
but infrequently exceuted, missions, The MDZ mission would fall into this category.

3. Stable Program Support

Coast Guard VTS is a program that the public learns about following a mari-
time accident. In the absence of public or political interest, the Coust Guard has re.
peatedly absorbed the Headqguarters level support (personnel and funding) to shore up
higher prioritv neceds, The resurgence of Congressional interest in the VTS program
following the Lxxon Valdez grounding in Price William Sound, AK has once again
pecked Coust Guard and Congressional support for VIS, This increased support has
resulted in the development of a VTS Office in Coast Guard Headquarters (G-NSP),
expansion of VTS Puget Sound, and reopening of a modernized VTS New York. Un-
fortunately, Congress also manduted quick action which is resulting in ad-hoc system
engineering.

The VTS program should have a stable buse of support at the lHeadquarters
level. The purpose of this support would be allow VTS to evolve with technologicul
advancements and changes in assigned mission areus and mission priorities.
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3. Coast Guard Information Resource Management (IRM)

A second genceration VIS should have strong ties to the information resources
of the Coast Guard. It should be able to export, and possibly import data from other C?
svstems. The Coast Guard has started the process of updating many computer-related
programs to take advantage of standard protocols and modern equipment. Data inte-
gration is one of the goals of this Coast Guard wide modernization. The Coast Guard
is developing its own data network (HDXN) in order to link these new resources together.
In order for a new VTS systom to be integrated into this IRM architecture, the VTS
system must be designed to use the standard protocols. VTS should be a full partner in
the Coast Guard's IRM program.




APPENDIX A, GLOSSARY

The acronvins and abbreviations used throughout the thesis are defined in the fol- y
lowing list.

Acronym
am

A-I) Converslon

ADPCNMNI Adaptive DifTerential Pulse Code Modulation
AM Amplitude Modulation

AMVYLR Automated Mutual-Assistance Vessel Rescue Svstem
ARSA Airport Radar Service Area

ARPA Automatic Radar Plotiing Aid

ARTCC Air Route Trallic Control Center

ASR Airport Surveillance Radar

ATC Air Trallic Control

ATON Aids to Navigation

AUTODIN Automutic Digital Informution Network

bps Bits per second

(& Conumand and Conrol

e Command, Control, and Coiumunication
C-band C-band (6 4 M11z) Sotellite System

CAS Collision Avoidance System

CATV Community Antenau Television

CCTYV Closed Circuit Televisicn

CiC Combat Information Center

CODEC Coder-Decoder for compression of video camera signals
CSP Command Supervisory Post

CVsS Commercial Vessel Safety

D-A Conversion

DF
DGPS

Dfinition
Micrometer
Analog to Digital Signal Conversion

Digital to Analog Conversion

Direction Finding
DifTerentinl GP'S




DoD Department of Defense

DSI Digital Signalling Rate 1 (1.544 Mbps)

DWT Deadweight Taon (roughly equal to cargo capacity)

ETA Estimated time of arrival

FAA Federal Aviation Administration

FM Frequency Modulation

FTS-2000 GSA sponsored telecommunication system

G-NSP ?ﬂ:cc of Navigation Safety Programs in Coast Guard Headquar-
er

GH:z Giga-Hertz (one billion Hertz)

GOSIP Government Open System Interconnection Profile (FIPS 146)

GPS Glohal Positioning Satellite System

GTC C eographical Tactical Computer

HAR Harbor Advisory Radar

HF High Frequencey (3-30 Kllz frequency band)

IcC Integrated Conmunand Center

ILD Injection Luser Diode

IRM Information Resonrce Management

ISDN Integrated Services Digitul Network

ISO International Standurds Organizaticn

KHz Nilo-llertz

ki Kijometers
LAN Locul Area Network

LE Law Cnlorcement

LED Light Emitting Diode

LLLTV Low Level Light Television
LORAN Long Range Navigation System
MD2 Maritime Defense Zone

MLE Maritime Law Enforcement
MSD Maritime Sanitution Device
NTDS Navy Tactical Data Sy stem
OPCEN Operation Center

0sl Open System Intercont,cction protocols




OTH Over-the-lorizon

OVMRS Offshore Vessel Movement Reporting Svstem
POSIX Portable Operating Svstem interface for Computer Environment

(FIPS 151)
PPl Plan Position Indicator )
PSS Port Sccurity and Safety
PWSA Ports and Waterways Safety Act of 1972 !
QAM Quadrature Amplitude Modulation; (16QAM, 64QAM)
RDSS Radio Determination Satellite Service (Geostar Corp. dependent

surveillance system)
S/A Sclective Availabilitv. A mode of GPS that degrades position ace

curacy to nbout 100 meters
SAFENET Shipboard Adaptable Flexible Embedded Local Arca Network
SAR Scarch and Rescue
SQL Structtred Query Language (FIPS 127)
SRU SAR Resource Unit
STC Shipboard Tuctical Computer
VHF-I'M Very High Frequeney (30-300 K1H2) «FM Voice
VMRS Vessel Movement Reporting System '
VTC Vessel Traflic Center
VTS Vessel Truflie Service .
WWMCCS World-Wide Militury Conunand and Control System
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