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INTRODUCTION

Mariti surveillance constitutes orne of the most
important functions in  which not  only the maritime
administration has to be present but also a number of

high level national organisms.

In this regard, it could be said that, the control of
Feruvian Jurisdictional Waters is very close connected
with the national esconomy and safety because, most of the
activities carried out at sea are of national
interest, i.e, preservation of natural resources, living
or not, looking after lifes and vessels 1in distress and
awareness of those perils coming From the sea against

national safety.

Nowadays, the current maritime surveilllance system used by
trne PFeruvian Faribime administration is based wn
conventional means, which depend on the availability of
natrol boats and sometimes aircratt when an 2MEIrgENTY S0

requires.

The atoresaid brings as a conseqgquence, high operational
costs and makes the system inflexible and vunreliable.

Furthermore, the system employs conventiconal VHF and HF
radio communication links, which in certain events are
telephone lines, which means that it is not possible to
transmit information directly from radar FFIS® or displays

to coastguard centre,

However, in spite of a well organized surveillance svystem
which the Peruvian coastguard has, it is very difficult

and complex to give +ull coverage of the whole maritime




territory at all times.

The employment of & sensor-based surveillance system
represents a very good alternative to contreol the entire
maritime territory, which will allow the total control of

Feruvian jurisdictional waters.

The sensor—based system will give new characteristics for
control purposss, i.e., communications will be faster,
safer and more reliable, and a number of functions will hbe

improved with computer assistance.

First of all, the objective of the present investigation
ig to diagnose the current situwation of the Peruvian
maritime suwrvelillance system in connection with the
reguirements of the maritime administration in FPeru.

Furthermore, to evaluate one alternative of solution
which ig the enployment of & sensor-based maritime
surveilliance system in relation to the effectivensss and
economic criteria, in order to Judge the elements  which
allow the responsgible organism to decide when
participating in the acquisition and operation project of

a sensors—based maritime surveillance system.

On the other nand, it is ixportant to emphasize that, the
contents of their investigation is to give a Ffirst
approach about a sophisticated system.

The final investigation report points out the following:

&) Through the first chapter, global problems of PFeruvian
maritime surveillance are described. The most
significant aspect and the interrelation of problems

are included.

B
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c}

d)

=}
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h)

i}

In the second chapter, the development of theoretical
hases, on which the present investigation was
established as well as the most relevant definitions
used throughout the investigation process are

described.

The methodology procedures used through the
investigation are detailed in the third chapter.

|
Through the fourth chapter, the development of each of
two ends of the present investigation is detailed.

The aforesaid is attained through four objectives and
nine goals, which are contained in the investigation.

Taking into account the aforesaid objectives and
goals, the judgment elements for acquisition and
opegration of a maritime survelllance system project

based on sensors are decidesd.

Im the paragraph +ive, the main final conclusions of

the investigation are specified.

In paragraph six, recommendations resulting From main

conclusions are stated.

In paragraph seven, recommendations for the futures
investigations based on the main conclusions and
obstacles found in the present investigation are
stated.

In paragraph eight, the bibliography references and

sources which were consulted are listed.

Into ANMNEX A the whole investigation plan is




tdescribed.

The limitation concerning the requirements of the
current maritime surveillance system has been contrasted
with a sophisticated sensor-based system which would
entirely satisfy the requiéements of giving full coverage
to Feruvian maritime extension and make the system safer,

flexible, faster and more reliable.

The economic characteristics of the alternative, force
organisms  to make a national effort which they
will berefit from, by getting togethar requirements
and SCONOMIC  resources in only one project. However,
taking into account a number of factors it could s to &

certain extent be self-financed in parts.

-1
o
i

collateral effects will be of immaterial value.




1.1

CHAFTER 1

GL.OBAL PROBLEMS

In every country. the maritime asurveillance sys

¥
1]

tem
must comply, First of all, with the hasic Ffunction of
covering its national maritime territory entirely
in o der to control the major areas in which
maritime activities are carried out.

On the other hand, one of the most important aspects
to consider ie the strategic Ffunction in exerting
sovereignty and national safety in order to protect
and manage the maritime interest.

Many years ago, at the beginning of the past century,
when human beings started to develop the shipping
industry and consequently the seaborne trade, the

maritime traffic has gradually increased to a

large extent by bringing, as a consequence, many




problems which the coastal states have had to face.

Most of the problems which have arisen from the
increasing maritime traffic through the different
routes, have taken place since many international
organizations issued regulations related to pre-
vention of detriment, conservation and management of
matural resources, whether living or not, prevention
and control of marine pollution, and the safety of
1ife at sea on bshalf of the international community.
So, coastal states have had to implement their natio-
nal legislations in order to confront these
regulations

Most countries which have adhered to the various
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convaentions have not only developed or improved their
own maritime administrations by implementing its
rational legislations i ordes to enforce the
provigions of such international conventions on
behals of She international community, but also on

hehalf of their own people.

The Feruvian Maritime Administration, which is the
responsible  organization in charge of carrying out
several tasks within the maritime field in order to
piobtest the maticnal  interests at sea in their
territorial waters and the Exclusive Feconomic Zone,
must Fface one of its major tasks within the scope of
their functions,which is the control of their national
sea waters dealing with: safety of life at sea, mari-
time police, marine pollution, search and rescue,
among others.

Therefore, the Feruvian Maritime Maritime Admi-

nistration, through the Coast Guard Organization, has

an  important role within the strategy of the national




geonomy,. improving surveillance of their jurisdic-

tional sea waters.

The Feruvian maritime territory has a litoral, of
approximately 1200 nautical miles in length and 200
nautical miles in breadth, giving nearly a whole area
of 240,000 square nautical miles (830,000 KmZ).

Many activities, such as Ffishing in shallow waters
nearby the coastal 1ine as well as in deep waters
betwean 100 and 200 NM Ffar away from land, oil
exploitation on the continental shelf, and so on, are
carried out in the aforesaid areas whereon, the
Maritime Administration has +to exert control and
surveiliance inm order to prevent the infringement of
national and international regulations and agreements,

and illegal activities.

The increase in shipping and fishing industries,
and other various activities which are performed in
the sea areas belonging to  the Feruvian state, has
brought as a consequence the necessity to improve the
control of the Feruvian territorial waters and its
adiacent FExclusive Economic Zone which is important
not only to protect the vested interest, but also to
conform with international regulations and agresnents.

The high costs of a high-technoleogy surveillance
system is one of the major problems which the Peruvian
Maritime Administration has faced and therefore, the
lack of an economical and operational criterion is a
barrier in order to decide the acquigﬁtimn arnd put
into operation a sophisticated surveillance system.

However, nowadays in spite of the present turbulent

situation, it could be feasible to get some financing

not only Ffrom international development agencies or




credit from suppliers, but also the project could be
saelf financed in part on a long term basis.

For this purpose we must consider that the costs
ust be balanced against the benefits achieved by the
system. The benefits may, in some cases, be calculated
from incomes in the form of fines for illegal fishing,
offenses against maritime law and so on. On the other
hand, it is not possible to put a price on the
benefits because many of them are of immaterial value.

" Therefore it demands, due to the importance of the
project for the Peruvian Maritime Administration and
consequently for the Feruvian nation, the attention
from oarganisms in charge of protecting the Feruvian
maritime interests to adopt such a highly sophisticate

system to ensure the national interest at sea.

Nowadays, the electronic field has, within commu-
nication and computing sciences, developed itself in
such & way that, Eyﬁﬁems have been created for the
purpose of performing surveillance functions, espe-
cially upon the areas where both, the distances &ano
spesd of communications are the main factors.

The surveillance system by electronical means, is a

high-technology system which gives, whatever the
operational requirements may be, a total contrpl, not

only on nearby areas to the coastal line, but also on
the Exclusive Foonomic Zone up to 200 NM and more.

The aforesaid depends of course, on how sophis-
ticated the system is, on the gquantity of eqguipment,
communication systems and data processing centers
used in the system.The more sophisticated the system
ig, the more efficient the surveillance coverage range
will be.

In the surveillance field, many types of equipment




with different characteristics can be wtilized.

Obviously, each piece of equipment could be ope-
rated independently of sach other; however, the best
performance is obtained when, all pieces or most of
them work as a whole system, thus attaining a very
well organized data source, communications network
and a data processing center.

Actually, in a maritime surveillance system, it is
feasible to use airborne, ship and shore-based sen-

sors, which have been especially designed for this

purpose.

Emploving a sensor-based maritime survelllance
system, it is, possible to cover most of the aresas
within Jurisdictional waters in which the major

maritime activities are carried out.

Furthermors, communication of any kind of data and
information erxtracted From radar FFI's can be
transmitied by uwsing microwave links or  telephone

recial electronices devices.

ey

lines added to &
haer hand, information and imageriss can be

transmitted from airborne sensors to land stations via

microwave. The information can bes  recorded and
displayed in command cernters for being used as good

evidence on what iz going on at sea.

Actually, many ports and harbor areas are facing

great problems caused by the growing volume of
shipping traffic and the continucus evolution of

marine transport technology, tankers and other type of
vessels with dangerous cargoes which reguire careful
management.

Technological advances have besn made in

this Field, getting inFormatimn;FrDm radar FFI*S, the




data can be sent through any communication link to
command centers where date is displayed and processed.

The aforesaid work as the entire system, therefore,
have been implemented in advanced traffic control
systems to ensure smooth, safe and efficient traffic
flows. -

Considering both, land-based radar stations and
shipborne and airborne sensors as components of a
surveillance system, & number of alternatives to build
up such a system could be considered.

Une of those alternatives could be: increasing the
number of patrol vessels, and providing specially
designed equipment Ffor carrying out the surveillance
Functions. This alternative could be developed in
arrangemnent with exploration aircraft.

Urn the other hand, the increase in air surveillance
capability makes a Jjoint effort with the patrol
vessels available which gives ancther alternative. As
2 resuwlts  this would nave a great advantage giving a
larger range of coverage.

fis regards the implementation of land-based radar
stations interacting with both, surface and air
surveillance units, they could be consider as a thivd
alternative where the +three maritime swveillance

the system.

components would be used in

All the above mentioned possibilities to implement
a maritime suwrveillance system have, to a certain
extent, their advantages and disadvantages from an
opperational and economic point of view.

However, the last alternative could represent the
hest solution for the surveillance requirements of
the Peruvian HMaritime Administration, because it
would cover the larger interest areas and would not

be subject solely to one element of operation.

10




Maritime surveillance constitutes one of the most
important aspects within the scope of the FPeruvian
Maritime Administration because it include the major
functions for which they are responsible. Actually,
such maritime surveillance is carried out through
hoth the Crast Guard Fatrol Fleet and the Naval Air
Force.

The former, is not only used for such a task, but
also pther tasks that the Maritime Administration has
to fulfill within the context of their functions. The
latter has no the specialized sensors on  board air-
craft for such a task.

Taking into consideration several aspects in which
the Peruvian surveillance is involved and the extent
of the FPeruvian maritime territory, the maritime
surveillance to be et out in Peru has to fulfill
cartalin objectives as regards to national arnd

commercial intereshs:

(il Frotection of territorial waters
(iil Frotection of the EEZ

(iiid Frevention of illegal activities
{iv) Frevention of illegal transport

(v Co-ordination of rescue operations
(vi) Frevention of environmental damages
{wvii) Mavigation assistance

(viii) Traffic separation
(ix) Harbors traffic control

() Flanning of piloting

The system must provide the capability to exert not

only an effectiveness control upon merchant vessels




allowed to sail into the Feruvian waters, but also
taks control upon them during their stay within
Feruvian jurisdiction.

I+ must be capable of controlling that the Foreign
fishing vessels which are performing fishing duties
within jurisdictional waters have the duly authorized
licence for such an activity. Also the system must be

able to detect the following:

(a) All types of vessels in territorial waters
without permission from national authorities
(b} National and foreign fishing vessels

carrying illegal activities into prohibited

ZONES
o) Natiormal and foreign vessels carrying out
not only smuggling activities, but  also

those which can affect national satety

The system oust also be able to cover large areas
in order to detect people and/or vessels in distress

ag wall as o0il spills and noxious substances in the
marine envivronment.

The system must also include traffic surveillance

centers and traffic control centers in order tos:

{al track and iddentify vesssls and othsr sea
targets within the surveillance areas.

(bl expose and analyse risks and threats.

() co-ordinate and control warding-oft opera-
tions and remedial actions.

{cdd inform co-operating authorities and

organizations.

Traffic management must be able to




{a)l detect, track and identify vessels traffic.

() analyss collision risks and traffic
conflicts.’

() supply navigation assistance and traffic
separation.

(cld inform co-operating authorities and orga-—

nizations.

" In order to Fulfill the above mentioned regui-—
rements, a number of alternatives, previously named,

may be considered, namely

(i Air survelllance, implemsnting the already
gxistent proposed aircraft with specially
designed sensors for such a task, and
pErformance of conjoin operations with
surface suwrveillance units.

(ii) burface surveillance, increasing in number
the current coast guard patrol fleet.

(114} Arogisition of land-based radars which could
be set out along the Feruvian coast.

(iv) Establishment of & system employing both,
air and surface units, and land-based radar

stations making a joint effort as a whole

system interfaced to a processing data
center, regional centers and command control
center. -

All the above named alternatives have high costs,
however, taking into account the maritime surveillance

requirements, as before mentiorned, and obviously, the

area to be covered, the three first alternatives would




have certain limitations in order to efficiently
perform a survelllance task.

The last alternative has not the same limitations;
However, we must take into account that the short-term
costs will be higher due to a mayor factor to be
considered when implementing a maritime surveillance
system which is not only the technical performance of
the system, but also the costs of it.

Those costs are the acquisition and installation
costs but also the costs for operation and maintenance

of the system during its life time.

The employment of a maritime swrveillance system
uwtilizing sensors along the Peruvian coast is going to
repressnt an alternative which will permit the use of
high-technology, and consequently the Feruvian Mari-
Maritime Administration will be able to act as soon as
reguired without a waste of time and useless human and

economic  efforts, giving guicker, more reliable and

cafer  information wpon  almost  all aurisdictional

waters.

The control of Peruvian maritime territory is &
vary important  funchtion which the maritime admi-
nistration has to perform, therefore, the Feruvian
surveillance system has to be implemented in such a
way enough to cover the entire maritime territory, and
account with the proper means to take control and

gnforce the national and international regulations.
Actually, the maritime territory is controlled by

an organized system employing for this purpose patrol

boats and conventional communication equipment, ie, no

14




glectronic sensors or computerized system for
controlling maritime areas, recording and storing
information, automatic tracking or image transmission
etc. This brings as a conseguence high operational
costs of the system, lack of permanent control in
maritime areas of interest, and sometimes useless of

human and economic efforts.

However, the Peruvian Maritime Administration has
not  vyet developed a proper system to satisfactorily
perform such functions in order to give surveillance
coverage of the most congested areas where maritime
activities are developed, and to enforce such

regulations and to prevent illegal activities.

Im this sense, it is necessary to establish
criterion which allow, to the Feruvian mar itime
organizetion to take a deogision as ragards to

acquisition and operation of a sensors-based maritime
survaillance system to satisfy the survelllance

reguirements within the entire maritime territory.




CHAFTER I1

CONCEFTUAL FRAME

In the present chapter +the author will carry out the
development of theoretical bases on which the present
investigation is ggtablished as well as, the most
concerned definitions wsed throwghout the investigation

plan and the process itself.

2.1 THEORETICAL BASES

Qs is well known, the oceans cover around 704 of
the earth amounting to roughly 994 of all the water on
the earth. On the other hand, the ocean 1is inhabited by
living organisms which can be translated as one of the
most important and basic resouwrces for human life. In
this respect, we can point out how important the marine
environment is and how many efforts have to be devoted
to preserve it.

On the other hand, maritime activities, during the

16




last century, have largely increased bringing as a
consequence  a number of problems which have to be
confronted not only from a national  but also from
International point of view. ‘

In this regard, international organizations, speci-
ally dedicated to maritime affairs, have convoked a number
of international cornventions issuing regulations regarding
to different maritime fields which have been accepted by
most states.

In this sense, the maritime states have had, through
maritime administrations, to implement their own legisla-
tions in order to enforce such regulations.

However, national legislations have not only been
created for the solely purpose to enforce such Internatio—
nal regulations, but also states face a number of internal
problems which arose out of illegal maritime activities
against their national economy and saiety.

Taking into consideration a national taritime
legislations involves & large number of responsibilities
and functions, For the present case, the author is going
to consider one of the responsibilities which is to
ook after natiornal maritime interests, and one of the
functions which is to exert maritime surveillance within
Jurisdictional waters.

Follution of the marine envivonment is one of the
most important aspects we have to consider. It is clear
that human activities produce any type of wastes,
especially activities carried out at sea, Ffor instance,
hundreds of vessel crossing through the ocean pollute
the marine environment with all types of substances,
mainly those vessels carrying oil and derived products;
In spite of several conventions providing & great number
of rules +to avoid these kind of actions, tankers whilst

they are sailing, at the same time are performing

17




activities against regulations, such as:

~Discharging oil and mixtures in " prohibited zones "
which are, in areas less than 50 miles Ffrom the
nearest land in where discharging is forbidden at
a certain rate.

- Cleaning of cargo tanks under way and discharging
into to the sea.

-~ Discharges of ballast tanks into the sea

- Discharge from machinery spaces bilges at non—-allow-

gd rates of discharging etc.

The aforesaid actions are performed simultansously

in diffFerent areas of a state.

Safety of life at sea, search and rescue operations
and control of vessel fratfic, are other responsibili-
ties which states, as GBOLAL Convention contracting

parties, have considered inte thelr legislations.  There-
fore they have to implement, to a certain extent,
co-grdinating systems and provide facilities in order
to detect, within large sea areas, people and/or
i distress and take decisions at opportune time;

1
gvents of this sort may occuwr  at  any time and place at

On the other hand, great extensions of sea areas have
to be covered to control maritime traffic in order to
avoid unlawful actions within a states is maritime domain.

As regards activities dealing with natiornal economy
and safety, a number of areas spread within the maritime
territory must be controlled and managed in order to
avoid actions and activities against national regulations,
fishing, oil extraction from continental shelt, mining

from subsoil, smuggling etc.
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Maritime suwrveillance is a Function by which a state
keeps close control on certain areas of national interest
to avoid unlawful actions. In this regard, to reach full
control upon the whole maritime territory 1t mostly
depends on how many means are used and how complex
the surveillance system is.

Maritime surveillance can be effected essentially by
surface surveillance units, ‘air surveillance craft and
land-based sensors.

The surveillance surface units are mostly specialized
vessels built under certain design regquirements and speed.

They always carry on board special esquipment to detect
any target at sea and also, some of them carry special
sensors for discovering and tracing oil discharges.

Regarding search and rescue operations, survelllance
equipment can  also be used, thus enabling large arsas to
he recognized speedily however, i+ taking into account
the large maritime extension a great number of limiting
factors exizt to cover al’  areas invelvaed. Some of
those factors are for instance, the available number of
units to give full coverage o the whole maritime
territory and how well-egquipped they are, availability of
operation expenses to keep patrol vessels operating full-
time throughout the vear, the speed of patrol vessels, the
size and Ffacilities on board which involve oepsration
effectiveness and time at sea as for, how Far they can
operate and crew welfars.

Air surveillance is a very effective control means for
large areas in a relatively small time reducing thus
cost fFactors and increasing effectiveness.

Systems have been especially designed for air surveillance
being those high performance tactical display systems

designed For harsh enviromments carried on board heli-

copters, aircraft, naval aircraft etc. They are fully




avtonomous  and comprises all hardware and software
necessary to accept, process and display information. Raw
and/or extracted radar pictures, electronics maps synthe-
tic symbols and alpha-numeric data carn be simultaneously
displayed.

The configuration of a basic system consist of two main
units, the computer and display unit, and the operator
panel, however, the variety of optional features
available makes it possible to extend the capacity of the
system to include other sensors such as sonar, sonarbuoys
as well as weapon control systems and various data links.
Systems are basically designed to accept, process and
display radar information, ut  other sensors can  be
connected as well. Most of the Functions are realized in
software and, when ever required, supported by hardware to
give state of the art performance. Time critical functions
ara usually realized in hardware.

We have also to consider cthar airborne sensors
specially dgesigned for suverllance tagks which will
increasse the capability of the system as far as protection
of national interest at sea is concern.

The equipment carried on board crafit  includes the
Hide Looking Airborne FRadar (BLARY, Infra-Red and Ultra-
Violet scanner (IR/UVY, Forward Looking Alrborne Radar
(FLARY, all of which have supporting equipment for real-
time processing  and cdisplay, Ouick-Look documentation
unit and air—-to ground image transfer via microwave link,
Automatic positioning of select targets on the operator’s
TV display and Automatic annotation device with date,
time position on all sensors and camera imagery.

The Side Looking Airborne Radar (S8LARY, which is an
airborne sensor used for most surveillance systems in
developed countries, has specially been designed Ffor

maritime surveillance with a number of applicationas:
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- Surveillance of sea ftraffic
- il spill detection
- Search and rescue operations
- Fishery protection
One of the SLAR main characteristics is to operate in
all-weather conditions covering large areas and detecting
small targets.

Other capabilities:

- SLAK is capable of surveying around 15,000
squar@. kilometers per hour for life boats
and oil spill detection.

—- Tt has the capability of surveying about
F0,000 sguare kilometers per hour  For  small

.
&

fizning vessel detection.
- It is able +to inspect about 6HGL 000 sg kR

for cargo ships.

Comparing SlL.AR with similar HENSOr S, s as
conventional Forward lLooking Alrborne Hadai, it is
possible to say the labtter can not detsct oil spilis

and very small targets at all and Ffor bigoer ones it
has around half the capacity of the SLAR.

The SLLAR range coverage is about 80 NM each side
effective; The attachad equipment wuses a standard TV
display which gives +true real-time presentation of

bright and flicker—free imagery.

The infra Red and Ultra Viclet (IR/UV) scanner system

is another specialized sensor, mainly used for maritime




administrations. The specific applications are:

~ Inspections of suspected oil discharges
- surveys of accident sites and,

~ monitoring of pollution in ship wakes

This system uses both, the I and the UV scanners are
operated into two different channels; the first one can be
operated during the day and night.

IR is able to detect and give relevant information on the
spreading of oil and also indicates the relative oil
thickness within the oil slick.

Obtaining information +from the IK system, clean—up
operations can be planned and addressed by the respective
authorities reaching maximum results.

Regarding the W channel, it can be used only during

the daylight mapping the whole area covered with il
irrespeotive of thickness. Attached eguipment to  the

IRV system offers real-time presentation on TV monitor.

It is well proven that, maritime surveillance systems
emploving airborne sensors are opsrated to low cost and

are truly operational.

{(Birborne sensors characteristics ses ANNEX II)

Land-based radar statiorns is the third main component

of & maritime surveillance eystem. It is based on a
number of land—based radars performing continuous

coastal surveillance of vessel traffic, in particular
of small vessels in a cluttered ernvironment. It can be
pointed out that land- based stations can be not only
used along the coastal line as control of vessel traffic
but also in contreolling ard managing harbors and crowded

roadsteads.
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A coastal surveillance system consists of the following

main components:

- Fadar stations including towars and complete
infrastructures
- Radar data transmission

- Control center

Each Fixed radar station consists of the following

equipmant:

- Radar antenna

- Radar cabin containings:
Fadar transmitter/receiver
Extractor®
Service - PFIX
Femote control syshen
VHF - direction finder¥
VHF — radio
Modems

Mux and radio link -
- Emergency power supply

It must be pointed out that the radar stations are
designed for unmanned operations and they can be remotely
controlled from the main radar center.

The operation concept is such that the fixed radar
station scans the correspondent area set up out to
maximum range which is limited by the radar horizon. In
each station the radar information is processed in a plot

extractor which will automatically detect targets then for

-~
e




pach target a report message is produced. This defines -

the range and azimuth to the target. The message is then
transmitted via modem over the telephone channel to the
main radar center where the positions of the targets will
be indicated with symbols on FFI's. The target positions

are updated by each antenna revalution.
SURVEILLANCE SYSTEM MAIN TASKS

The main tasks and consequently the main operational

functions of the Coast Guard Headguarters system are

- Information gathering

- Filtering of information (Compilation)
- Fresentation

- Analysis

-~ Decision making

- Command and control

rancaTs Senge

INFORMATION
CATHERING

COMMAND

&
CONTROL

ANALYSIS
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OFPERATIONAL FUNCTIONS
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data report
forces,

The initial activity of the system is
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Filtering of information

Information gathering normally results in great amounts of
unstructured data, therefore these figures must be
processed such as to be useful Ffor presentation and

decision making.

RECEFTION OF THE TARGET DATA

EEAR

TARGET NUMBERING
TARGET CORRELATION
DATA BASE UPDATING
TARGET MANAGEMENT
TARGET CLASSIFICATION
TARGET IDENTIFICATION

R

PRESENTATION

s,
u,,,"'“.

“‘..m“'
. ""'55"""""": bl




Fresentation

Fresentation of processed data available in the

can be made on:

- Color/Monochromatic FPFI display
- Large scresn display

- Text terminal

- FPlotter and printers

The following can be presented on FFI displavs:

- Plots and raw video from radars

- Targets tracks sent from ships or othe
presented as sy&bmls with targets number
vactor.

= fAdditional information, such as maps and

limes, territorial lines, waterways, =soorom

and search areas.

data
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Fegarding decision making, a suwrveillance system offer a
situation picture of high tuality and a set
operational functions so as to study and analyvse
current situation From which the decision maker ma

the decisions. To realize +the decisions made command

control  functions are available in the system;

functions are not only used to distribute orders

also to get feed back and supervise consequences

results.

The radar center consists of the following equipments

- Operators’working pesitions containing P

FI's,

=8=

kes
and
the
but
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much as needed, depending on system
Displays and control wunits  for
finders

Radar remote control panels
Telephons panels

VHF-radio panels

- Common equipment containing
. Modems
Amplifier/processor units for VHF-DF

Telephone equipment

{(Svstem and sguipment characteristics ANNEX

In this process two very important Factors
hd

first one is how many radars station and r

frave to be laid down altong the coast  and

the

radars

links.

of

and communication

the

radar coverags

nesded for survaeillance

E]
u

length depends on several main paremsters

Radar ranges.

Detection depth and position of radar

the water line.
The range is defined by the main eqgu
eristics, such as antenna gain and po

respect to the radar horizon, by the target

antenna height.
_The antenna height can be calculated for

height and range +from the following equati
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F{km) = 4.12 (Vht +Yha ) (ht and ha in meters)

:nd on  the free space radar

The aFforesaid also dep
TENGE becausé this is increased to a certain exwtent. This
causaes an increase of the towsr height and conseguently
tower cost, therefore the bresk-sven point for minimizing
total costs is directly dependent on antenna height.

(See diagram 1).

On the other hand, an addﬁtiana point of view
which influences the number of radars needed is the
detection ‘dapth tor a gap-free detection of vessels,
which will depend on where the radars can be placed, i.e,
in the middle of the detection. zone (in the water), or
at the waterline. It is true that for a maximum detection
de=pth, the optimal placement of the radar is in thes water

in the middle of the detection zone.

The two cases have been investigated by the following

eguations:

az FRadar in the middle of the detection rzone

L
the N =s=—=
A

2 VRZ- (/)%

b) Radar at the waterline
L L
then N =—=
A =2 VR*-~ D%

-3

A




Where :

L = length of the coast area to be subjected to
surveillance

distance of radar

a0
it

= range of radar

I
i

detection depth

The number of regional centers are normally given by
the coast length and number of laid down radar stations.
It is desirable that at least two regional center be
set out in addition to the main radar center, which
usually operate, in the Head Quarter. Communications links
must he available where radar stations are placed in
order to receivel/transmit data information from other
sources to regional and main centers. The communications
can be received/transmitted by normal telephone lines,
VHF radio  and microwave links which can be conneacted
to a modem to transfer information directly from systen
to system.

Systen duration is of long life, naeturslly depending

on the operation and maintenance given.
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CHAFTER II1I

INVESTIGATION METHODOLOGY

F.1 Specific Method.

Through the investigation development it has besen used

the DEDUCTIVE - INDUCTIVE method in the following way:

a) In order to identify the problem, the aubthor has

employed the deductive method

by During the unfolding of the investigation, the

inductive method was used

¢} In order to process the information, the contained

analvysis method has been emploved ' -

d} For presentation of results, the investigation has

]
wtat




beern managed by objectives.

3.1.1 Procedures

a) For the problem identification,the author has
used the deductive method, it msans that the
procedure  stated From general enunciations
(global problems), in order to structure

particular enunciations.

. by During the development of the investigation
.th@ author has used the inductive method,
A I have started - om particular
ohservations then, they have transmitted +to

general enunciations

i
~

In the presentation of results, for each
objective, global appreciations were given

based in particular obssrvations.

J3.2 Universe and sample

The universe during the development of the present
theme, was conformed by sensors-based surveillance system
used in a number of countries around the world, and as the
sample was considered the Peruvian maritime system from

the Maritime Administration point of view

4
i

Technigues to get information

Collection of information from primary and secondary

sources, and from interviews




F.4 Record techniques

For recording information, index and localization of

documents were used

3.9 Processing information technique
The information has been processed classifying it by
chapters

J.é& Analysis technique

For the present investigation, the logic reasoning has

been employed




CHAFTER IV

FRESENTATION, ANALYSIS AND DATA INTERFRETATION

T

in the present chapter the author will carried out

the investigation snalysis, whirh makes it pozeible
to diagnose the current situation of the Feruvian
cmaritime suwrveillance system  in connection with the

reguirements of the Maritime Administration in Peru.

The author will also evaluate the employment of a
maritime surveillance system using both, shipborne and
airborne sensors, land-based radar stations as well as a
data processing center, in order to know the operational

effectiveness and investment appraisal of such a project.

The results of the above mentioned analysis will
allow to the Peruvian Maritime Administration to be aware
of the operational feasibility and, cost of acquisition
and operation of a highly sophisticated maritime survei-

llance system.




4.1 Diagnose the current status of the Feruvian Maritime

Administration as regards to the national requirements
in order to determine the satisfaction level of such

requirements against the actual using system.

Every surveillance system which belongs to  an
organization must meet its reguirements providing
means that it needs to fulfill their functions.

In this sense, the Feruvian Maritime Administration
must satisfy the swrveillance reguirements which are
reﬁuested by the higher—level organism responsible to
prescribing laws regarding the taking care of
Feruvian interests at sea.

Such reguirements which also involve the enfor-—
cement of  international  regulations and agreements
within the Peruvian Jjurisdictional waters and those
legal devices engeged in the safety and national
goonomy, have mnost of them been embodied in the

Matic

1t

rial Maritime Legislation ard other legal
docunents issused by the organisms dealing with
maritime aftfairs.

At thils  stages, the author will concentrate on

analyzing the sesveral aspects which allow him to  +ind

the necessary informatiorn in order to identify
e national requirements with respect to maritime

interests. Later on the author will confront such
regquirensnts against the actual maritime system in
order to determine the present satisfaction level

of it.

4.1.1 Identify the national requirements in resgpect
of protection of Feruvian maritime interests,
in order to know the maritime surveillance

needs to be satisfied by the Maritime




Administration.

The Peruvian Maritime Administration is
addressed by the Genera Directorate of Coast
buard and Captancies through +the Feruvian Coast
Guard corps which was created by law in 1949, as
a component of the FPeruvian Nawvy.

The law creating the FPFeruvian Coast Guard
established the mission for this corps giving
the Naval Ministry the task to organize and
implement it.

‘That mission in accordance with Peruvian

maritime law is:

" To exert naval jurisdiction of control,
safety and protection upon the maritime,
fluvial and lacustrine activities, as
well as upon the natural resources

®isting in Peruvian waters in order to
comply and carry out the enforcement of
national maritime law and the iﬁterna—
tional agreements signed by the Peru-

vian BGovernment."

The Feruvian Maritime Administration dus to
T enviromnmental nature and diversified
g#lements within the maritime scope, in which
it has developed itself, has assigned a
number of functions to be fulfilled; However,

most of these functions are not only engaged in

national arganizations, but also have &
number of internatioﬁal undertakings with
organirations whose several conventions the
Feruvian Government has accepted and/ oy



ratified.

Afccording to the national legislation where

the international accepted or ratified Conven
tions have been embodied, the pointed out
responsibilities involve as many mar itime

activities as the sea areas in which they

develop themselves; therefore, the General
Directorate of Captancies and Coast Guard
thus count on great variety of requirements

which Fforce them to have a diversity of msans
and tools in order to meest them.

‘When analysing each Function in a maritime
administration it was found that more than

one national and/or international organism

involved exists, and in most cases, there is a
T =T 1"'{: . O [";.:'4 =~ e bt -t el t';f::n
law, regulation or scheme prescribing normabive
rules which lead +to particular reguiremenrts to
be performed under one specific function.

In the present cese, we are interested in
selecting only such functions which allow to

assign the maritime surveillance necessities in

ardsr to  afterwards meet the global survei-
llarnce reguirements to be satisfied by the

beneral Directorate of Captancies and Coast

buard.

4.1.1.1 Analyze  the maritime administration
requirements directly connected with
management and control of such acti-
vities carried through +the Jjurisdic-
tional sea waters in order to identify

the surveillance functions to be

performed.




The General Directorate of Captancies
and Coast Buard as a maritime auvthority
exerts control, suwveillance, safelty,
protection and snforcement of laws upon
the maritime activities, as wsll as
beaches and natural rescurces, which
develop in the sea compass upon the
whole maritime territory; therefore, a
number of functions dealing with the
context of assignments have been sest up
to comply with the large range of
responsibilities.

However, all of those do not deal

with ore of the most important
functions, which i +the control of
activities carried out within 1 he

Territorial sea, Exclusive Economical

Zone and ssa-port areas.

Thereupon, Lthe Peruvian surveillance
requirements are given by a number of
Mational UOrganisms and International
Organizations whose regulations are
embodied into the maritime legislation
n the obther hand, the standards and
procedures to follow are prescribed by
law through decrees, resolutions and/or
other official documents.

In this sense, aftter analysing the
maritime legislation, it has been found
that the most important sources of
requirements dealing with maritime

surveillance are the following:




National Organisms

(i Ministry of Defense

(ii) Ministry of Transport and
Commurications

(iii) Ministry of Fisheries

{(iv) Ministry of Economy

(iv) Ministry of Energy and Mining

INTERNATIONAL ORGANIZATIONS
(i) United Nations
{(11i) Intermnational Maritime

Organization

Pefore selecting the functions of a mar it ime
administration connected with survelllance
tasks, the author hes to =ztate the aforesaid
organism reguiremsents in this respect.

In this sense after carrving out the aforesaid
analysis reviewing plans, decrees, legislations,
documents and related regulations ,the following

recuiremsnts has been decided :
National Organisms

(i) a.— Protection of territorial waters
b~ Frotection of the EEZ
.- Frotection of frontiers and beaches
d.— Frevention of illegal transport

.~ Frevention of illegal activities
(ii) a.— Navigation assistance

bh.— Tra+tfic separation

.~ Harbor traffic control
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(iii)

(iv)

(v}

Aw

A

Flanning of piloting

Frotection of prohibit fishing areas
Control of allowsed fishing areas
Control of national and foreign

fishing vessels

Frotection of economically strategic
maritime areas

Comtrol of such fundamental maritime
activities intended against ths na-

tiomal economy

Frotection and control of areas and
activities dedicated to mining and
0il extraction Ffrom the continental

shelfd and subsoil

i

International Organizations

{(ii)

A

Enforcement of such regulations re-
lateg to the taw of the Sea as
regards  protection of living and
not  living resources, and those
activities of international condi-
tions carried out within Jjurisdic—
tional waters.

Enforcement of such regulations re-—
lated to the SDLAS Convention regar-—
ding safety of life at sea.
Enforcement of such regulations re-
lated to the MARFOL Convention in

respect of protection of the marine

environment.




Taking into consideration the largs amount of
requirements requested by organizations dealing
with Peruvian maritime interests, The author
is going to select solely those functions
directly engaged in surveillance in order to
aftterwards, obtain global maritime surveillance

requirements.

- Exert maritime control within the Pesruvian
maritime domainm to the Full extent of up to
200 NM and also littoral, bsaches and ports.

— Ewxert maritime ° traffic control within
Jurisdictional waters.

~ Exert maritime control upon illegal activities
carried out within Jjurisdictional waters,
littoral and sea port areas.

- Exart control upon fishing activities within
Fishing areas.

- Meep awake on safety of life at sea.

ct and control o0il spills and noxious

o
substances into the zea.

4.1.1.2 Analyze each maritime function taking
into account the set out requirements in
order to determine global surveillance

needs

For obtaining global maritime survei-
llance requirements, those Ffunctions
directly involved with the control of
sea areas in  which surveillance has
to be exercised must First of all be

analyzed.

4
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The Peruvian maritime domain has,
a littoral of nearly 1200 NM  in  length
and 200 NM in breath giving it a closed
area of 240,000 sguare nautical miles
meaning that, every activity herein has
to be controlled and managed in order to
obtain full benefits as regards the
national satety and economy at sea.

As regards the maritime police, they
has to be commanded by the Coast Buard
corps through the aforesaid areas taking
into consideration maritime traffic of
vessels transporting cargoes from/to
Juwrisdictional waters, traffic of wve-
ss2ls between national porte in
addition to vessels crossing within the
axtent aof the Peruvian Jjurisdiction
enjoying the right of innocent passage.

The atoresald means that, the Mari-
time Administration must take control,
track and didentify. all types o

vessels and other ses targetse within

Feruvian jurisdictional waters which
inciude the high seas, territorials

waters, littoral and beaches in order
to avoid activities threatening National

interests.

Furthermore, the control of such
activities related to extraction of
biological resources, living or not

fazs to be exercised, which means, fish-
hing activities, extraction of oil from

the continental shelf and other diffe-

rent thamn oil from the sea bed.




In relation to the Functions of a
Maritime Administration coming From
the Ministry of Transpoirt, the maritime
administration as a maritime authority
must provide navigation assistance and
traffic separation not only upon
national and International mar it imes
routes within Feruvian waters, but also
within roadsteads and port areas.

Regarding functions related  to
international organizations the author
has mainly, pointed out such conventions
directly engage 1in surveillance acti-
vities leading the maritime adminis-—
tration to only take into consideration,
satety of life at sea and marine pollu-
tiogn, which invoive & large number  of
responsibilities and actions to be taken
into account for the entire Feruvian
maritime extension.

Such responsibilities means, that the
Maritime HAdministration shall oversee
evEry activity developed into areas
where merchant, fishing and/or any kind
of vessels are sailing or performing any
type of duty. On the other hand, traffic
of oil tankers along the Feruvian coast,

Imnternational routes and loading and

unloading port areas have to be
considered in order to protect the
marines grnvironment from accidental

and/or intentional oil discharges and

noxious substances.




The author will continue carriving out the
analysis of such maritime areas 1in which the

Maritime Administration has to perform their

functions and responsibilities in ovder to
consolidate global surveillance requirements

considering functions to be performed, activities

to be carried out within Jjurisdictional waters
and areas in which they are developed. For
this purpose, The author will set up the

different areas in which the various activities
take place within the Feruvian maritime
jurisdiction. First of all the auvthor is going
to describe the entire Feruvian maritime extent,
incfuding main ports, littoral,. beaches and high
SEH ANEaS.

The Fesruvian maritime territory, for admi-
nistrative reasons, is divided in thres main
zones along the line coast sach one approximately
400 NM in length and 200 NM  in Dbreadth, the
later of which containg the EEZ.

The north zone contains & sea area from the
oo der of HEouador to Salaverry port, the central
zone 1s located betwesn Salaverry port and San
duan port in the mid-south of the littoral and
finally, the southern zone 1s placed from San
dJuan port to the Chilean frontier. (Fig 1-1)

The aforementiorned areas include within its
egxtent, calling ports of international traffic,
oil tanker routes, loading and discharging oil
ports, refineries, areas in which nationals and
foreign fishing vessels are ellowed to exercise
fishing duties, prohibited areas for Ffishing

activities during close season in certain periods

of time throughout the year, prohibited areas
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for naticnal and foreign fishing vessels during

the whole vyear, Forbidden tratfic routes,
accessible beaches +For smugglers and,  other

threatening national safety.

NORTH ZONE

The north area, as before mentioned, include
areas and ports in which different activities are
developed, therefore, a surveillance function has
to be performed:
Fishing activities are carry out in the whole
extent of the north zone, however, specific areas
must  be pointed oul.
Imn the northernmost point, next to the Ecuadorian
border three very important areas in which the
Maritime Administration has to wuse intensive

control:; have to be considered.

A wvery productive Fishing area, in which
depredation and catching of more than permissible

maximum yield take place, is loceated From, the

Py

northern limit 100 MM south the along line coast
up to around 40 NM towards the westy; UOn the obthsr
hand & very rich Fishing arsa, well known as
"Banco del Peru” (MANCORA), is also located next
to the Ecuadorian Frontier southward, approxi-

mately 60 NM in +ront of Punta Malpelo.

Dther productive areas in which national
and foreign Fishing vessels develop illegal

fishing are located near the line coast in front
of Faita,Fimentel, Eten and Pacasmayo FPorts and,
"Lobos de afusra" and "Lobos de adentro” islands.

Looking at the high sea areas, the author could
point out that there exists a great area within

the EEZ limits, From 100 8 up to the northern
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border line and 80 NM from the coast up to
200 NM in breadth, in which prohibit foreign
fishing vessels are carvying out fishing duties.
The author can also mention a weak zone for
smuggler activitiesy; from Funta Capones to Paita
Fort, the same illegal activities are taking
place in port areas. . T
Regarding areas in which oil pollution may
take place, "Lobitos" port, can be mentioned, it
an are close to the coastline where o0il extrac—
tion From the continental shelf takes place:
Taléra port, where the main PFeruvian refinery is

located; Bavovar port, which is an oil pipe line

terminal coming From the mountain area and,
Fimentel and Balaverry which are discharging
ports. (The whole area is shown in FIG 1-2)

CENTRAL ZONE

The central zone as the former, involves a

number of main ports, fishing areas, R twintc-Ty
areas fFor smugglers, traffic routes, leoading
and discharging oil ports etc, where which the

involved activities take place. Fishing arsas
are located mainly close to the coastline in the
following placess

Chimbote %

-+

Fort o
Port of Supe

Fort of Cerro Azul
Port of Tambo de Mora

Fisco port

¥ Main industrial fishing port
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We can state the atoresaid places embrace a large
strip of 60 NM in breath from Salaverry port to
the south limit of the mentioned zone.

In respect of o0il tanker traffic routes and
loading and discharging ports, the author would
like to mention the most probable areas in
which the marine snvironment is peolluted.

Firstly Chimbote Port, the main fishing port
and steel producer, therefore a great consumer
of oil products and, exporter of fishing and
stegl products; Secondly, Callao Fort, the major
port in Feruw, betwesn which two o0il refineries
are located one of them, "La FPampilla", 12 NM
north  and the second one "Conchan®, 15 NM souths
finally, Fisco and San Juan ports with activities

in the sams regard. (Fig. 1-3)

SOUTHERN ZONE

The same activities, as mentioned before, take
place in this zone, taking into consideration
that the fishing areas are very close to the
coast. In respect of calling ports by national
and international vesssls the Following ports are

important:

Fort of Mollendo
Fort of Matarani

Fort of Ilo

Regarding snudgling activities, most of
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those take place in ths southmost point o+

the south zone, betwesn the port of Ilo all the
way down along the littoral to the Chilean
frontier. The areas in which different maritime
activities develop are shown in Fig.1-4.

Tratfic routes intoe the whole Feruvian

Maritime area, those are shown in Fig.1-5

From an analysis based on information avai-
lable it camn be observed that the surveillance
reguirements requested by the different national
organisms and international organizations are
grmuped by activities in different zones and
areas into the whole Feruvian maritime territorys
however, it can be divided into categories

according to different factors.

(i) At any time it was found that, it is
desirable to control and manags the
VA LUUES activities to the full extent,

therefore the arsas have to be covered at

anmy tim

o

by different means capable of
giving surveillarce =o.erages to Lthe snoirs
maritimeg territory.

(ii) Taking into account the proximity to the
coastal line we can classify the maritime

surveillance in:

al SBurveillance within port areas, roads—
steads and littora

b) Surveillance near to the coast in a
range of 20 to 40 NM  away from land

c) Surveillance upon maritime areas away
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(iv)

from land, and high sesas as far as 200

NM

Considering activities differ From each
other, it can be noticed that it is ne-
cessary  to wuse different means to detect,
identify, track and control vessels, and
take remedial measurers at any time

wherever something happens.

Afoccording to the type of surveillance, it

can be classified in:

~Fhysical,which means, FPatrol boats, cra¥ft
and people acting in the area in
question

Mon-physical, which means, equiprent to
be used to perform survelllance Func-
tions, communications natwork and

equipment to bes used as data processors.

4.1.1.73 Pre~conclusion

During the unfolding of the present
obijective the aubthor has determined the
global suwrveillance requirements which
must be satiseftied by the Feruvian
Maritime Administration. The reqguire-
ments are given by, the coverage of each
area, independent of =sach activity to be
controlled, it is supervision and con-
trol of:

Lh
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-The north and south frontiers

~Regulations for safety at sea

~Fishing and hunting areas

Detection, identification and tracking

of any kind of vessels in coastal arsas,

traftfics routes and high seas.

Provide @

~Search and  rescue service round the
clock.

-Environmental protection measures
against pollution by oil, chemical, or
other harmful substances.

Due to operation methods, there must
be a Command control center in order to
centralize and record information.

Communication links must be available

betwesn a place where an event ocours

and the command control center.
Furthermore, stations acting as

detector centers, which could bes surface
units, aircraft and/or land—based
sansors have to be made available.

irerefore, The Peruvian Maritime
Administretion must be provided with
any type of means and specialized
egquipment in order to take coverage of
the three main zones which means, ports,
close to coastal areas as well as in the
high seas, taking control of the various
activities, being able thus to disclose
potential infringements within port
areas, territorial waters and Euclusive

Economic Zone.



4.1.2

To effect a comparative analysis between the
national maritime surveillance requirement and
the equipping feasibility in order to determine
the current satisfaction level of such
requirement.

Surveillance is a function of a Maritime
Administration , at the same time, it is an
activity which must satisfy the requirements
of giving full coverage to the whole national
maritime territory to permit detection,
tracking and identification of vessels and
other sea targets within the surveillance area,
disclosure of potential infringements into
jurisdictional waters and exposwe and analysis

risks and threats. On the othesr hand as far as

ports and traffic management are concerned,
arnalvsis of collision risks  and  supplying

navigation assistance are other recuirements in
which surveillance as a system must be present.

All the above mentioned reguirements must be
interfaced in such & way that, quick and
reliable information is  transferred to data
processing centers in order to give a chance to
Administration Officers to take decisions

at the correct time. This means, the Maritime

Administration MG be provided with
gpecialired equipment in order to detect

any type of sea targets to be able to control
and manage different situations an?where at
sea; a communications network in order to
transfer information; data processing centers,
in order to record and process information, and
gualified personnel to act as soon as  the

situation need it.




In this sense, the surveillance system must
answer to the specific nesds of each
stated reqguirement in such a way that it

ensures the control and management of different

types of activities at sea, satety of life
and/or vessels, and preservation of the sea

environment.

4.1.2.1 Comparison of the surveillance
requirement according to the current
equipment the Maritime Administration
has, in order to determine the present
satisfaction level of such requi-
rements.
The bGensral Directorate of Captancies
and Coastguard is divided in  a number

of operative departments as far as

internal structure is concerned: On
the hand side, regarding whernal

branches it is divided into Maritime
Districts and Captanciss spread along
the Feruvian littoraly the former iz
wrder direct  control of The genercl
Director of Captancies and Coastguard,
the latter, under the responsibility
of district commanders.

Furthermore, there is an external bra-—
noch plaving the most important role
in maritime surveillance, namely, the
Coastguard PFatrol Fleet, which is an
autonomous organism 1in direct line
with the General Director, however it
is under the command of Fatrol +lest

Commander (diag.2)
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The Maritime Administration struc-
ture as  far as surveillance is
concerned is based on four main
divisions which are responsible for
taking full control amnd management of
the already established activities

carried out at sea.

-~ Maritime Districts

Captancies of Ports
- Coastguard Patrol Fleet

- Meadguarter Uperations Department

MARITIME DISTRICTS

The territorial structure of the Peruvian
Maritime UOrganization, regarding the maritime
territory, has six districts, which constitute
the organizational link between the General
Directorate of Captancies and Coastguard

and the Fort Captancies. The purpose of the

districts is to centralize suppoart Ffurnctions
ang dezentralizs operational cantrol  in s
maritime districts according to the policies

of the Head.
Taking into account the duty of centralizing
support functions in  their jurisdiction, the
Maritime District must determine and use the
available means in the area to control and
manage every incident.: '

Before establishing the current level of
satisfaction, as regards surveillance in +the
districts, the author is going to determine

the geographical location in order to have

&0



knowledge of district jurisdiction, afterward

the author will decide about the facilities
which have to be controlled and the management
of activities within sach distric’s juris-—

diction.

= Maritime District 11, Headguarters in Talara
Fort, stretches from the Ecuadorian border
down to é&o 21 8§

- Maritime District 2, Headguarters in Bala-—
verry Fort, includes a sea area from 6o

21'5 to Bo 587 S,

- Maritime District 21, Headguarters. the in
port of Chimbote, is limited by parallels

Bo 88° 8 and 100 3678,

- Maritime District 22, Headguarters in the
port of Callao, a district in which also
the Maritime Administration Headguarters
is placed, is located between 100 675 and
130 1875,

= Maritime District 2%, Headguarters located
in the Fort of Pisco, streches from 130 18°S

- oy

ol w BT eI

il

- Maritime District 31, the southmost district

on the Feruvian littoral, with its head
office placed in the Fort of Mollendo,
streches from 1350 277 5 to the.Feruvian and

Chilean frontiers at 180 2178,

Burveillarnce areas of interest for
each district has in specific terms been,
pointed out in objective 4.1.1
It has to be mentioned that jurisdicti-—

onal limits include as far as 200 NM in
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breadth.

FORT CAPTANCIES

This is another one organism involved in
control and management of activities
carried out at sea. It is the organism that
is the most directly engaged in enforcement
of regulations in the maritime field. Among
its many Ffunctions it has to perform one
important task which is exert control in  near
coastal sea areas and beaches.

The Port Captancies are organisms under
control of the General Director of Captancies
and Coastguard through the Maritime District
onmander under whom they are subordinated.
hee  ceast patrol  vessel fleet headguarters,

ig based in Callao fFort. fpocording to an

established plan and available patrol
vessels, they are assigned to different
Tones  under command  and control  of the

respactive Maritime Districts Commanders in
order to afFfest suwrveillance missionz wibhin
their jurisdictions.

The patrol vessels” surveillance mission is in
fact based on recognizing specified areas of
interest, looking for actions against national
and/or international regulations, taking pre-
ventive actions and sending data information
through maritime districts to Coastguard
Operation Department enabling them to take
corrective measures; In  this sense, patrol
vessels as weall AS Maritime district

headquarters are sufficiently eguipped as
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regards the satisfaction of communication

links.
On  the other hand, activities carried out
within ports and reoadstead areas are under

the responsibility of Port Masters who for
surveillance purposes have port patrol boats
permanently designed to perform actions in
order to control specific areas and manage
certain events.

The fouwr above mentioned organisms act, as
a whole system, co-ordinating actions and
taking measures in case any event oCcurs.
Actually, the Maritime Districts, as the main
responsible  authority in each operative area,
is the main link between he responsibility

area and the Coastguard Hesdquarter Operation

Pepartment which acts as a co-ordinating
center. In this regard, the survelllance
resources are mainly ths patrol vesEHsl
flest and any obher available mesans within
the area in guestion when something occurs
arnd possibly naval air craft which are

assignesa to TulfFill speciiic tashks.

It can be stated that, surveillance task is
glivided by areas and activities; the first
one, in respect of beaches and nearby coastal
argas, the high seas, and port and roadstead
areas; the second one regarding the detection
of any illegal function at sea, people and/or
vessel in distress and oil spills into
the marine environment.

Taking into consideration the above mentioned,
as regards areas, the principal mEans to

exert surveillance within the high seas areas
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are constituted by the coastal patrol Flest
and naval air force craft.

Looking at littoral and beaches where ovbious-
ly many illegal activities occur, there are

not enough available means to control certain

areas, mainly those which are separated
from urban zones along the littoral and

specially in zones close to frontiers.

In order to carry out the comparative
analysis between the surveillance reguirements
before deciding on the current means which

the Maritime Administration could use, we have

to take into consideration the fundamental
aspects of surveillance regarding SEMNSBOr S,

equipment and tasks they can perform, which

warg mentioned in chapter II. The coverage

of the whole maritime territory depsnds on
he ability in controlling each & @A ard

keaping a constant information flow coming
from permanent sources .

Thus, by processing, evaluating and making
decisions at opportune times, permangnt
survaillance and Full territnry control will
e obtained., It is necessary to  have certain
electronic sensors, processors, communication
links and .oth@r means especially designed for
this purpose.

Today, tha PFPeruvian maritime surveillance

consists of the four main elements before

described, with the Patrol Coastguard fleet
to support the principal course of action g
Fatrols boats are provided with all the

necessary navigational aids and equipped with

VHF and HF radio frsquencies.




They are designed for a certain period of time
to different areas for operational purposes
under direct command of Maritime District
Commanders, and some of those, when required,
are designed to special missions around the
littoral and the high seas.

Nowadays, the Feruvian Maritime Adminis-
tration has a very well organized maritime
surveillance system +to cover great part of
the maritime territory taking control of

most of the activities carry out at s=a.

However due too the dimension of the
maritime territory, it is wvery hard to
control  the ilimgal activities ococurring
near coastal areas as well as  to disclose
potential infringements against the marine
grvironmant which in fact reguires constant

control and specialized eguipmant.

Furthermore, the current system features

and territory dimgnsions do not allow  for
taking control over the whole tervitory
at  any moment because there are not grough
surveillance aurface wniits aveilable and
information transmitted by VHF and HF radio

freguencies is not trustwarthy.

Actually the maritime surveillance is
obviously limited by the patrocl units,
in number and performance. In fact they

are not capable of covering the entire area

as reqguired due to speed and radar coverage

which are translated in teo much effort
and hiagh operational costs. On the other
hand, there is no  available computerize

system +to help in processing and recording
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information as well as taking decisions.

Finally, the surveillance systems use
solely surface units and ocecasionally air

units without equipment specifically designed
for those tasks. Therefore they can not
efficiently Ffulfill the referread Maritime
furmctions in addition to the scarce available
means of the Maritime District Headguarters
and Fort Captancies as well as Operations
Department Headguarter who acts as a co-

ordinating centar.

4.1.2.2 PRECONCLUSION

The development of the present
objective leads to the current satis-
faction level of reguirements for the
Feruvian Maritime surveillance which
iz not the best dus to a number of
limitations. Surveillance Byvstems must
satisfy reguiremsnts such Aty by
giving full coverage to main areas at

any momesnty decection, identification

and trazking of targels; disclosing
notential infringements against the
mar ins environmant and activities

carried out against national safety;
data transmission and Bvaluation as
wzll as recording and storage info-
rmation.

In spite of the fact tha the Feruvian
11

organized, there is a lack of certain

Maritime system is VEY W

i

specialized equipment resulting in

weakness is in controlling activities
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carried out within the whole maritime

territory.

4.1.3% PARTIAL CONCLUSION

Taking into consideration the development of the

present END (4.1), The author has determined the

following partial conclusions:

Maritime Surveillance, which must be satisfied
at all times by the Peruvian Maritime Adminis-
tratian, should be represented by surface units,
aircratt, airborne SENSOrS, land-based radar
stations, different motles of comnunications
links, data Processlng centers and command
control  centers, all of which together as &
systemn must permit  permanent surveys around the
whole maritime territory giving specially emphasis
on those areas in which unlawful activities can
ooocur, #8.ge. fFishing aresas, vessels traffic
rovutes, coastal zones, boundaries, beaches, ports,
roatdsteads  and the high seas. Furthermore 1t must
be capable of covering a&s many zones s possiblae
at the same time, be able to opesrate 24 hours
round  the clock, be able to detect, track,
identify and display targets and finally it must
be able to transmit/receive, process, evaluate,
record and storage information.

The conmunicetion links must be in such a away

that imageries and other type of signs can be
transmitted From both airborne and shipborne
sensors, and land-based radar stations to data
processing centers, such as iﬁ is, command and

control center.

2.7
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- Given such regquirements, the current satisfaction
level of maritime surveillance dus to  the
equipm@nt' the Maritime Administration have, thare
are limitations, limitations to give full coverage

to +the maritime territory, gather information,

transmission of data and lack of specialized
equipment for such tasks. Therefore, the system
doss not meet the requirement of being

reliable and flexible.

- It is necessary to look for anothar alternative
to meet the maritime survelllance reguirement
in a&addition to those giving apeed and less

operational costs to the system.

1t is necessary to evaluate the alternative to empldy
a sensors—based maritime system to satisty the
Peruvian Maritime surveillance requirements, taking
into account effectiveness and economical aspects in
order to give judgment elements for the acquisition

and operation of a maritime surveillance system.

In the modern world, technological improvements
have been demonstrated  in e maritime Field by
developed countries where, surveillance systems have
been implemented 1in +hair coasts, controlling great
cea areas. Those systems are being used by a number
of countries facilitating fheir maritime administra-
ions to Cover maritime territories to a full
extent, infringement disclosures against national
regulations within maritime interest areas, decision
making regarding oil spills, and better performance
in carrying out search and rescue opsrations.

All this is becaussa they use a surveillance

system based on SEenRsOrSs and processors which work

&8




efficiently and therefore data can be transmitted
faster than conventional systams in addition to
imageries, giving decisions makers a complete view
on what is going on over the whole maritime territory.

However, to evaluate in a real sense how survel-
llance requiremsnt can be satisfied by employving a
determined system, it is necessary to consider the
various requirement aspects which are covered by the
system, as well as how the maritime administration is

affected and/or benefited.

4.2.1 It is necessary to analyze the effectiveness of
employing & sensor-based maritime surveillance
system to solve the FPeruvian maritime survei-

llance requirements.

As can be seen in chapter I, a maritime
survelllance system can be considered as a set

of airborne, shipborne and land-based eguipment

pertectly interfaced by different communication

link systems. Im addition to egquipment to
perform comnplemanting functions. The main
purposse of thes zsnsor baced Maritine  suevei-
llanmnce system is to give fFull Cover age to

maritime areas in order to control every ac-

tivity, thus permitting the responsible
organism  to  take decisions and corrective
MEASUrEes im appropriate time. Furthermore, the

control of those activities must at all time

and in all place keep, track and records every

event. Dn the othsr hand, one difference

between maritime surveillance exerted by a

sensor—-based system and maritime surveillancs
a9
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exerted by conventional means is that the Former

includes fived stations working 24 hours
and sophisticated communication means to
transmit all types of information giving

special configuration to the system.

In or der to analyse the alternative,
The author dis going to set up the system
characteristics, independent of equipment fea-
tures, which could be used by the Feruvian
Maritime Administration.

First of all, the basic system configuration
depends on the nuimber- of sub-systems

forming it. The sub-systems, irrespective of

their builders, ar e mormally operational
centers, each one interfaced, performing

furnctions intimately related., and of course
independent of the environment in which they
are acting.

Sub-systems can be named azs follows:

- Main operational centers or command centers

- Subsidiary centers or regional centers

- Fided or mobile land-based radar stations

- Alircraft carrying srecialized surveillance
SEensors on board

- Surface surveillance units

- Communication eguipment: radio links.radio
stations and wire network.

Command centers, in a normal situation act as
main operation centers, which must be located
in the 0Organization Headquarters On  the
other hand, a number of regional centers are
placed between command cernters and data sources;

Both, command and regional centers can be

laid out for ° different numbers of operator




and commanders to suit individual requiremsnts.

Information emanating +From the entire area
covered by the system is transmitted from
various sensors and data sources to the regional
centers.

At the regional centers, the information is
filtered before further transmission to the
command center.

Im order to ensure operations control in an
efficient manner, all centers must be eguipped
with computer systems for signal processing,
data storags console handling and overall system
administrationy those operatiornal functions must
be handled by computers in sach center, supplied
by a specific control console  and mainly de-
termined by the system software.
(Characteristics are shown in annex IID)

Air survelllance must be a totally integrated
swshem built up From SEVEFal sensors  and
sub systems in  a modular concept. Data from the
sgnsors have to be processed to enhance features

de

to the meritime application, and

[xi
ju]

P B
relevant
obtein a sultable fmange format Foo oresentation.

Fier processing, imagery from  all sensors can

kel

be recorded, documented and displaved in a real
time to the opesrator orn & TV sorsesn. Al

imagery in the aircraft can be relaved to ships
and land-based centers using & microwave image
limk. « The ship and shore eqguipment must be
nrovided with the same presentation  and
gocumentation facilities as the aircrafty The
airborne sensor system s fFully autonomous and
comprises all hardware and software necessary to

accept, process and display information. Raw and
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gxtracted radar pictures, electronics maps,

u‘

ot
synthetic symbols amnd alphe~-numeric data can be
im

n

ultaneously displayed.

The basic system consists of two main units,
the computer and display unit, and the
operator’s panel. A number of sensore can be
added to the basic system configuration to
increase their capabilities which have been
pointed—- out in chapter II. (see annex IV)

One of ~he most  important sensors for the
gathering of information in a maritime sur-—
veillance system is obviously the radar sta—
tions, eithsr fixed or mobile. Radar station,
mainly used as a sOUrceE of short term data,
have besgn designed to operate in heavy clutter

environments: They must be palced in strategic

arean along the coast in  a number  which
girectly depends on coastal length. However,
transmission of radar wvideo reguires costly

wide-band communication links, instalation of
automatic plot and target extractor &t the
radar stabtion which will reduce the amount
of reguired communication caperity fto a leval
gnabling transmission on normal telephons lines
or vaoice radio channels.

This device operates as & normal extractor
but camn be furnished with spfiware Ffor
avtomatic initiation of target +tracking.

Features of radar stations have been pointed
out in chapter I1.

Regarding communication links, in order to
accomplish the reouirement of the control and
command centers systems, the communication must

be flexible and reliable, which ig guaranteed

iy
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by the use of starndardized protocols and

intertaces, and network structure which is
easily configurable given the communication

situation today. Since the system consists of
seaborne and land-based, sub systems as well as
both wire connections and radio connections
can be used. The transmission network consist
of the transmission of signals between radar

sites and command centers. It may consist of

radio links connecting both sites, airborne
sensors and the command centers. Furthermore,

the net can transmit video, radar plots, target

information, control and speech signals as

well as camera imageriss From ailrcraft.

The following two types of channels may be used:

~ Telephone channels for all nar oW and
transmission

-~ Nideo channels +For fthe broad-band raw radar
information

The telephonse channels used fFor data trans-

mission must be eguipped with necessary modems.

dn the other hand, high level dats link control

mast be uwussd in every point-teo-point commue
nication, which is ar. B or detsction
performed by a special control device and

cyclic redundancy  check and  error  connectic

3
.

o

is performed by re~transmission. ALl lin
communications must be point-to-point connec—
tions using high level data link protocol.
Considered line connections are connections
between the command center and radar sitez, and
command center and other centers, the figures on

the next pages propose a structure of a line

communication net and a system information flow.




The radio communication network can be divided
into two parts, radio networks using VHF and
long distance point-to-point radio connection by
uvsing HF radio.

VHF communication 1is ussd for tactical data
communications between ships operating together
and the system command centers; the coverage of
VHF net is limited by & circle with an approxi-
mately radius of 40 kEm. To xtend radio

coverage, radio stations may be installed at

the radar sites. On  the cther hand, HF
communication can brea used in  long distancs

comnunications to connect ships, command centers
and other centersy The range of a HF radio point
to-point comnection  is  approdimately 100 Kin
uwsing the ground wave. In the sams way for VHF,
in order to axtend the HF coverage, radio
stations must be installed at the radar sites.
Furthermore, radio equipment installed at ths
radar sites may bs remotely controlled from
the command center via radio linke connecting
the radar sites to the command center.
4.2.1.1 It is necessary to design a proper
maritime surveillance system according
to Feruvian coastal geographical con-
ditions in order to evaluate its effec-—
tiveness and operation.
In the maritime surveillance field there
are a number of alternatives to build up
a proper system which can be used to
control the entire maritime tervitory
providing the appropriate means.

However, every alternative presents di-
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fferent characteristics, according to
gengraphical conditions and reqguirements
of the country.

First of all, the alternative of
employing a surveillance system will be

used, considering for such a case a

number of . sub-systems and SENSOrs
already ment ioned, which will
satisfy the Maritime Administration

reguirements, which have already been
analyred. In brie¥f, the .system must
cover to a full extent the Pesruvian
maritime tervitory and provide commu-
nications links betwesn data sowrces and
the Coastguard command cepter enabling
thus different types of transmissions.

It is clear that, before deciding about
the number of radar stetions to be laid
down along the Feruvian coast, a search
into coastal geosgraphical characte-

ristics to Figure owut the best places

whe, & Lthey can be conszteucted has Lo oe
macie.
fs  atoresaid, two places whera

radar antennas can be placed existy the
first one 1s on the water line or
ashore, which means  to  search For
gecgraphical places where they can be
laid down: the second option is to place
radar  towers in the middle of the
detection zone, which means towers have
to be built up as high as possible to

get the maximum range. As we have seen

7é




in chapter II, the range of radars

depends, among other factors, mostly on
the antenna height, i.e, the higher the
antenna is, the more range and the lower
the costs will bey Therefore, the best
performance and the cost break-even
point couwld bDe resched looking for thes
highest ridges nearest to the FPeruvian
coastal line.

The proposal for a Feruvian Maritime
Surveillance System is to includss
equipment for a Fixed Coastguard radar
system which enables surveillance of
the sesa traffic and other activities
around  its maritime territory.

On the obther hand, it is also intendsd
to include the necessary alrborne
sansors, eguipment and ssrvices to build
up the coastouard center. As regards to
the Formsr situation, the author is
going to consider one Doastguard center
which must be locsted in the Coast Guard
Hesddguss tere, which mears, in Dallac
FPorty Theretors, information  from &
number of regional centers, fidsd and
urmanned  radar stsations as  well as
airborne  and shipborne sensors shall
be transmitted to the Coastguard command
center where the surveillance task must
be performed. In this SEMNSE , the
following operational functions have to
be provided in the Coastguard center:

- Target detection and plotting

-~ ITdentification and direction finding




- Radio and telephone communications

- Remote control of radars

At the same time, a number of computer

assisted functions shall be performed:

~ futomatic tracking

- Recording and replaying of tracks

- Target data collection and display

~ fAirborne surveillance system camera
egquipment  included. ( an overvisw of
the proposed system is shown  in

Diag.3).

Fegarding targel detection and
plotting, fixed radar stations aust be

gstablished alorg the Peruvian coast

i

in a necessary number to cover the
whiole maritime littoral. It is
obvious that they will scan the coast
out to  a maximum rangs,  which is
limited by the radar horizon.

In sach station, the radar information
will be processed in a plot sxtractor
which will avtomatically detesct
targets, then for each target a report
message is produced; This defines the
range and azimuth of the target. The
message will Lthen be tramsmitted via
modem aver\/é telephone chamnel to the
Coastguard command center where the
positions of targets will be indicates
with symbols on PRI s.

After analyzing Peruvian geographical
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conditions and documentation related +to
this subject, a numbsr of high ridges

exist whesre Fived rader stationg can be

placed. A selection of radar sites is
presented in the following table,
considering howsver that other places

could be selected throughout additional
research in case of implementation of the
systam,

According to coastal length to give full coverage along

the coastal line, 14 Fiv

pe

ed radar stations would be
necessary, oonsidering both  antenna  height and radar
FAange .

The table below is intended to show the possible radar

sites and ridge height where they may be located.
TABLE 1

RADAR SITES AREA/ ZONE M.DISTRICT HEIGHT (mt)
La Barita North 11 235
Tunal Morth il 430
Silla de Faita Nerth 11 05
Illescas Morth 1 00
Chiclayo Morth 12 133
Chicama Center 12 F4T
Trujillo Center 12 1123
Santa Center 2 1144
Ancon Center 22 1444
Pisco Center ) 26E6
Chala South 23 1267
Ocona . South 3 &80
Mollendo South = 1073

Caleta Sama South 31 1133




The table below is intendsd to show the radar coverage

congidering both, antenna and target height.
Rikmy= 4,12 VHt +V Ha

TABLE 2

Ht (mt) 5 10 15 2¢

' Km _ Em Em <m
Radar sites . Ha
La Barita 2ED 2CET 7E. 19 F9.12 21.58
Tunal 480 G948 10329 106022 1083, 6%
Silla de Faita A POL0E FE.87 Fé.BO AT
Illescas SO0 101,374 105,15 108,08 11058
Chiclayo 12354 163,51 146,44 1468, 90
Chicama 4T 85,52 89,55 GR. 26 94,73
Trujillo 18R 147,28 151.09 154,02 136,45
Santa 1144 148,568 152,38 153,51 157.78
Ancon 1464 146.B5 170067 17Z.060 176,07
Fisco D6HITH O ED0.74 224,54 AT LAT 22565
Chala 1267 5586 159,68 162061 165,08
Ocona HBO 1146065 120,47 123,039 25.86
Mollendo 1075 144,17 147.9% 150.91 15238

Caleta Sama 1133 147.89 151.71 154, &4 157.10

Source: (Table 1)

Charts from "Instituto Geografico del Peru"
Report from "FFV Telub AR"




Due to the large area which has to be supervised, is must
be divided into four smaller sub  areas; norith, north
center, south center and south, located in places where
radio communications facilities exist. Those places could
be Faita, Iguitos, Mollendo, Callao Where naval radio
communications centers are well establizhed.

On the other hand, to coordinate the work and assist in

certain situations there is a need for a supervisor must
have access to one PRI. Therefore the Coastouard center

must have five positions for operators. 0On each PRI it
will be possible to have information From several radar

stations simultanecusly displaved. This will improve the

possibilitiess of target detection thanks to  the
overlapping coverage zones of the proposed fixed radar

stations.

VHEFE  Direction Finder (DF) must be vsed as a= aid when

i

identifying radar echoes in order to get the same coverage
+or a radir and associate DF, it is proposed to place ons
DF at each radar station. DF can be remotely controlled by
the operators from the Coast Guard center.

Communications links can be mades by different svetems

~

=Fore nentioned i- poiot 4,201

4]

A% [

i

(See eguipment configuration Diag.4)

The coast radar center, as aforesaid, must be provided
with a number of equiprent in order to perform several
caﬁputer assisted functions. Detection and tracking of
targets shall be done in the Coastguard center when radar
intormation from the Ffixed radar station is displayed on
the respective PFI's. Then the plotting and tracking of
targets will b= done auvtomatically.

Each. target will be identified on Coast Guard center
FFPI with a track number then, all data concerning this

track will be displayed on separate electronic data

o
FJ



FIXED RADAR STATION
COMMAND RADAR

RADAR | |exTrRACTOR MODEM | CENTRE
| T | ‘ —Y
REMOTE Mux_or § VI 1
CONTROL RADIOLINKIT ; Rodfonnk"r: .“.‘:‘":"i Y MODEMI—
ervic | j o l
PP . i
TELEPHONE : (pei)
VHF :
EMERGENCY| | pirection || MODEM | semvce, L
Finder \3 )
___|MODEM|- /F"Pl
4
MARITIME SURVEILLANCE SYSTEM
MODEM[™T
—|(PPI
EQUIPMENT CONFIGURATION [# ' 5
P VHF
Radiof [T |RADION Ly et
"""""""" e Man. pan

Diag. 4




display (EDD). Each row in this display corresponds to &
certain track, which shows the data stored in the computer
memory concerning that track. The data could either Dbe
calculated wvalues from the computer such as speed,
positions or, date which have been fed into the computer
by the operator, such as name of vessel, country, tvype,
destination, etc.

Fegarding the airborne survelllance system, it must be
included in the whole maritime surveillance system in
order to cover areas which are not within radar ranges. A
number of sensors which were described in chapter two must
be provided to existing craft to increass their
surveillance capabilities and operational functions.

The coverage of SLAR is up to 80 NM on wach side of the
aircraft whan using a slotted waveguided antenna.

Together with the Fived radar covering a distance of 40
to &0 NMy the total coverage will be 200 NM.

The proposal For a Peruvien saritime suwrvelllance system
is shown in Fig. 1-6, 1-7, 1-8.

4.2.1.2. It is necessary to determine the

employment effectiveness of a
maritime sensors—based surveli-
llance system to solve the
, FPeruvian maritime surveillance
requirement in order to meeat
judgment elements which make it
possible to take a decisions on
. such alternative.

Surveillance systems as we have
seen are conformed by a number of
SENSOrS and data transhission
systems which are able to destect

targets anywhere at sea even in
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hard environments and transmit,
through different means, imageries,
voices, data and any other signs
commonly  transmitted by microwaves
links. #As in chapter 11, land-based
radars can work 24 hours round the
clock irrespective of weather
conditions transmitting information
Ffrom radar FFI's to a data proce-
ssing center where it is processed,
tracked and stored.

Furthermore, airborne and shipborne
sEnsors covering areas which are not
within radars rangs, perform  a
number of functions, whereby data
can easily be transferred to 2
processing center.

The employment of a surveillance

system allows for the ubtilization af
different planning ard control
schemnes, iving the relia-
bility to Cover Lives maritima

1
interest areas.

This type of system entirely,
satisty &5 any other system the
raguiremsent far maritime ArEea
coverage and data transmission, the
later having, high speed at great
distances which give to maritime
authorities reliability and Flesuwi-
bility o©on information in addition
toy & computerized system assisting

them when taking decisions.

88




Fagarding Feruvian maritime
surveillance reguiremsnts, taking
into acocount  the above considera-
tions, it dis possible to say that
most of  the interest areas will be
covered by the system. OF course, a
number of considerations have to be
taken, as regards to agquipment
acguisitions, especially in  commu-—
nications network and radio commu-
comnunication sguipment to be used.
fs far as the north Tone, as well as
the center  and sowuth  zone are
concerned, fFishing areas near the
coastal line, oil extraction fields,
beaches suposed to sruggling
activities especially in areas close
to  the bordesrs, tanker rvoutes as
well as obher traffic routes within
4G to &0 NM fFar from the coast and
ohher activities carries oab within
this scope will be coversd by ths
land—-based radar network.
Conmsidering ports will be included
into thre systemn, national and
commarcial Functions must be carried
oult through the system, specially in
those main ports with a high density
of tratfic.

On the other hand, zones more than
40 NM  Ffrom the coast up to 200 NM
will be covered by surveillance

aircraft carrying on board

g9




specialized sensors either to detect

any target performing illegal
activities within the abowve
mentioned areas or identify and
track any vessel crossing

jurisdictional waters irrespective

of their puwposes.

This type of surveillance system adapts itself very well
to Peruvian maritime surveillance necessities, mainly to
detect targets anywhere at sea and transmit all kind of
data From aircraft to ground, and ship and shore-based
sensors to  Coast  Guard Headguarters as well as among

surveillance units.

In Fig.1i-9 is shown drafits on the areas and
mar ik ims activitias to  be coveread by a highly
sophisticated maritime surveillance system using land-

based radar stations, airbornse  and shipborne sensors to
detect targets and disclose illegal activities anywhesre at
sea, a5 well as  the employment of a reliable and speedy

data transmission network.

£.2.1.3 Pre-conclusion.

During the development of the present

abiisctive it has been decided, T he
alternative o employing maritime
surveillance systhem Sensors and
Communications links to satisfy the

Feruvian Maritime requirements as regards
to maritime surveillance function,
broadly complying with such reguirements
taking into account the whole coverage of

the maritime territory.

Q0
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4. 2.:'—:‘.

It is vital to analyze the economical aspects for
the acquisition and operation alternative of a
sensors—based maritime surveillance system, in
order to have judgement elements which allows for a

decision on such alternative to be taken.

Maritime surveillance constitutes one of the
,most important Maritime Administration functions to
secure of national maritime interest., At the same
time, it is a basic structure for economic and
social unfolding of countries. Howsver, a number of
factors make it difficult to establish a maritime
surveillance system in  Feru weing  modern arnd
sophisticated methods to cover most of the maritime

ar@eas in wnich activities ooocur, as well az discloss

potential  infringements transfer all type of data

artd its processing.

During the last few yvears, the control of meritime

activities in Peruvian Jurisdictional waters has
mainly been affected by the didliculty Lo facs naw

technelogical ohanges in shipping and fishing, and
consequently  the increasing of such activities as
the Maritime Administration, not only has Lo
overcome the geographical characteristics but also
to employ new technigues to control them.

However, the installation of a new maritime system
employing sophisticated eguipment means greatht
capital investments for the eqguipment acquisition

and implementation of the system.

<
k3




& major factor to be considered when implementing the

maritime survelllance system is not only the technical
performance of the system but also the costs of it. These
osts are the actual acqguisition and installation costs
and the costs for operation and maintenance during its
life time. Against the costs the benefits achilieved from
the system must be balaﬁcedg i.e, the benefits in some
cases can be calculated in matesrial values which are
representad by  incomes directly depending on the system
performance Orn the other hand, in many other cases it is
not possible to put a price on the benefits, because they

are of immaterial valus; these factors, of course, are not

without esconomical conseguences but they are almost
impossible to calculate. However, they have o Dbe
considered as henafits cur ing project evaluation
because some times the is a tendency to overlook themn.

The alternative of implementing & maritime surveillange
system has great possibility for success iFf the system is
well fmplensnted, l.e, emploving adeguate technology and
operating in such & way which allows for operational
effectivensss and low operation costs. When a project is

being planned the economical aspecht, in most cases, is

'i"

erua. o more importart bnan the other consiceracion:s
regarding the feasibility of the project. This is well

undgerstandable particularly in our case due to lack of

financial resources. Im this espect, it is very
important to decide on  esconomic aspects of the

project in order to take a decision.
4.2.2.1 It is vital to consider criteria, to analyse the
2
economic aspects of the alternative to acquire
and operate a sensors—based maritime surveillance

system.




During the analysis of the economic aspects of
a natiornal maritime surveillance system, it is
necessary  to  teske into account the different
services for which it is intended, as well as the
investments involved. In this sense it is
necessary to evaluate the acguisition and

stallation costs as well as operation during
ite life time. On the other hand, the benefits
has to be analyzed against the costs, which means

those benefits calculate in material value

-

o
represented by incomes, and those of immaterial
st

n
value which means s without economical
CONSECEUENCRS.

The Pesruvian Maritime suwrveillance requivemsnts
have been pointed out in chapter 1113 However, in
the event of system implementation a technical-
economic 'study at the highest level has to be

made in Drd@r to evaluate the surveillance demand

Pt

at  a national level and irvestment coste taking

H

into account a number of governmental and private

organizations which could benefit as well the

nation itself. Taking into consideration the
ssvablishes reguirements in Lthe aroresald stady,
the acguisition ‘and operation costs could be

accurately Fixed.

However, it is feasible to carry out the
alternative analysis employing other criteria
which in spite of being general criteria will
allow for a general view of the economic
characteristics of the project giving judgement

elements in order to take a decision in this

regard.




In order to carry out the sconomic analysis

[n]
+

'Il

the project, the author will analvse the
investment characteristice. The +irst criterion
to be considered the investment behavior Ffrom the
paoint of wview of magnitude in time. Ancther
criterion will be the sconomic effort to be made
taking, as before mentioned, into account not
only the esconomic benefits but also those
indirect conseguences, considering +for such a
case the different national secitors conbribubing
to the project.

From the economic point of view it is necessary

to consider the time in which the system will be
in operation, ®.g. life time, as well as those

costs for increasing the svstem performance.
Fimally, oonsidering the lack of sconomic

FEEOLTTEG, it i dimportant to consicesr s

alternative to implement the system by staces.

Durimg the last +few years, the maritime

acdministration has been emploving surveillance by
conventional mEans, .9, 2 patrol vessels and

inks which actually, From

Fvailen ity point or
VoiEk, are feasible =ither to continue or make

improvements in  the samg way which doss not

reauire significant investnenis.

In this sense, survelllance cowld be improved
gasier and guicker by introducing new esguipment
and few changese to the current system than by
implementing a sophisticated sensors—based system
It is obvious that, initial investments and risks
could be reduced. However, to tackle the problem

in this sense is not the best alternative




bercause, taking into account the necessity to
have the Peruvian waters under strict control

There " would be a n$umber of disadvantagss,
since most skills performed by a sensor-based
system, nowadays vital for controlling activities
at s=sa, could not be used.

Furthermore, as the current system involves
the highest operational costs, it is very
important to consider that a conventional
surveillance system has a great disadvantage in
courtries with scarce sconomic resources because
the patrol vessels have to be spread in a number
of geographical points  to cover strategic areas

where maritime achivities are carried outb.

wrefore the system - dogs nob guarantes good

e of pronomic limitations.

parfornance in cas

The slternstive to  implement & sensor-based

W

vetem will allow to the maritime administralbion

-

P
v

e Fresdom  to Fully defins and optimize its own
P!

system, therefore costs would be minimized.
1

To implement & sensor-based

in Faeru requires sy high initial gstments

e T g ey g T e S e g
[T 4 SLITHA ipgatron

""‘!

egquipment, the building of a number of radar
stations and obher necessary civil works, as well

édm Lhs .Li‘\ll(-‘..:&.}“'lc.c:\x.lc 1 oofF a communication nebwore.

In compensation to the initial investments, for
the sensors-based system, as compared wit e
currant system, -are comparatively low because the
minimum energy consumption, minimum operator’s
reauirements as  radar stations are unmanned,

prokimity of radar stations to towns make esasy




access to  them reducing thus, maintenance and

reparation costs.
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5 a reference already implemented

i
~
i
fxn
i
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s is Feasibl to name some countries

grforming  wvery well survelillance functions

:tru111ng most of the activities carried out in

r"!*"l'ti

Reir jurisdicticonal waters: Sweden, through the

Coastguard, +the Navy and the Administration of
Shipping and Navigation, is performing survel-

ilance functions in the Baltic 8ea covering
a large number of activities on both sides of its
national territery. The United States, through
the Coastguard Corps  dis performing the same

functions  in the Pacific and Atlantic Qosan as

wzll  oas  in the Caribbean Gea, &mbracinq large
arsas of ssa waters and covering most  of the
artivities carvigd owubt  alb sea, West Germany as
wall the United Hingdom uwse the same system

developing wvery good perfornance in Their

waterways and ports.

Mhe cos of & maritimg survelillance systen are

spread  in oa  nushes of  items. B.f, @auipme

acouisition ar installation, operation,

s e
S

Wrastructure, wire connections, teleph

et
oy

nes, conadnizations neleorl, special davi
The approximate value of the whole system is

the following:

~The total costs for a mobile

radar station 18 (e csnevacsaavanus 1 MUSD

—costs for a complete fixed radar

station installed in a container is.. .2 MUSD

-costs for a complete fixed radar
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with increased performanc

against sir targets and electronic

counter—counter meEasures  (%S....00e0n08s 2«0 MUSD
~aguipment  For presentation of radar
e

information in & regional center is..... 1.2 MUSD

- pon .
~costs

s For the command Center.iecenvenens 1D MUSTD
—microwave link system for

transmission of radaﬁ information both,

grtracted radar data and other technical

data betwesen vessels, radar sites and

the command center (including all

reguired civil works, masts, power

supplies 8T0) 18u.uaswanussunnnonennnesado MLIED
~costs Ffor a Side Looking Airborne
radar (BLARY included inmstallation.i..... ©G.7 MUSD
~costs For airborne POD syvstem with

CAMBY Ao o wnnvssonsussasnnanvsvsuwuwanessss oo MUSD

Im all the above costs aircraft are not included,
which could be useo at the initial stage.
However, the above Figures include all related

documentation, training  of personnmel, tesus, -

ahicn and ftrial evalustions, e sadditior o

e
i
P
]
ot
Bed
il
Fa
e
0
o
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ot
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technical susport during irsd

vperation, spare parts and related services.

Taking into consideration all the above +Figures,
the total cost for the whole system would dspend
on many factors, for instance, economic resour-
ces, initial svsetem characteristics, radar
station needed initially, how enhanced t e

command center needed is sto.

Taking inte account the invesiment beshavior
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from the point of view of magnitude in time and
the alternative to implement the system by stag-
es, it is feasible to implement it step by step
considering minimum regquirements for the Ffirst
stage in order to evaluate resulis afiter certain

paricd of time.

However, a precise and detailed calculation of
costs is  impossible to obtain at this early
stage. This is obvious due to many options
avaiiable when defining the system and the

different levels of ambition o be considered.

According  to propositions made in the present
investigation, it will either be nec

install 14 Fixed radar stations to cover the

antires

of Peru, or perhaps it will be
gnough to  have continuous surveillance of thes
most  dmportant  aresas. In other words radar

stations  shnouwld be placed along the Peruvian

coast  according to priorities. Intsrmittent
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depend  upon what  is

avallable today, what could be of use and what

has to be buil? up from the start. These figures

obviously have to be worked out before each step
.

during the build-up stages.

Having a system built-up in stages, the

appraisal o+ economic benefits, could be made




after a short period of the First phase

evaluation in order to know the behavior of the

system before the next step. In this case the

initial investments and risks would be minimum.
However, due to the cost of the whole projsct

hes to be known from the beginning of the project

study it is possible to present some figures
for planning purposses, as well as the project

could be divided into three phases:

Fhase oney, would be a system test and analysis
phase which include one complete mobile radar
station and involve short investments. The

station could be manned by two opsrators and

comnunications with the local command cantar
could be made through a normal telephons

connection or via radio, which also means low

i

¥

cnerational costs. The total cost o £ & mobkil
radar  station togebther with the training of
personnel  and the actual work of performing the
tri

ials and analysis for +this stage will be

o

pprodximately one million USD.
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could start to be implemented, includes a mumber
of unmanned fixed radar stations. At this stage,
i

not  only the fixed radar stations could be built

up according  to priorities but also information

would automatically e transmitted to the
coastguard center from where certain remote

control could be initiated.

The cost of a complete fixed radar station

installed in a container is 1.2 MUSD.

In the event of a. radar with increased




srformancs against airborne targets

p

electronic counter-counter measures incorpo

the costs will be approximately 2.8 MUBD
equipment for presentation of a adar in¥

vt

@ ov

regional centre is 1.2 MUSD
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tion in

The investment in ph two will be gr

than i However to start this

iwould

o phase one.

depend

reached in phase one.

Fhases Mich could bs called

thres,

implemmntg“lon phase, includes a numbear

increase the

w8 Lo system par m
for  instance, the SLAR system, the IR/ sc
avstem, polarcid camsras, shipborne equipmen

well as Bryices
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on to the performance and bened
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viimed

The costs in this stage considering both,
computerizing the central Coast Buard Centre for
griEn e Lrasking o targets and rEnlay
TELLLLwLLEE, g m1p BUD BRI LETIIE
will approximately

Therefores the approximately cost  of the
entire project considering for this purpose 14
fFived radar stations will be 38 to 3% MUBD.

Irm addition to this costs, the costs

microwave link system hass to be considered,

roughly 23 MUBD.

radar station in

to

The mobile approach

gssential work out  the operat

procedures and to verify the expected s
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performance  before entering into a substantial

investment program that phase two and threese would

It ig dimportant to remark, regaording commu-
nications links, that investments in communica-
tion networks along the Peruvian ooast  have
already been made by the Coastguard Organization.
It can also be sbated, that the Peruvian Mavy
has a wvery well organized communications system
within the entire Feruvian territory, therefore
it could be ussd as an advantage reducing initial
investment costs.

o the other hand, from the capabilities of a

SENEOFE™ system analysis it is feasible to
appraiss  the system involving national and

commarcial interests, Sy protection oF

territorial watere and ecoromics  zones, preven—
tion of illegal Fishing as well as illegal
transport, ocoordination and rescue operastions,

orevention of ervironmental damages, navigation
©

asglistance, traffic separation, harbor traffic
control, planming of pileobting as well as control
>R naval  ocperations elo Im this =ense cohe

author would like to point out, no only the Coast
Duard Organization wont 1ol benefit From  the
extensive surveillance system but also  other
organizations  and authorities would directly or
indirectly benefit From it. Bo it is feasible,
to a certain extent, that they may be called upon
to integrate economic efforts in order to find

resources to make the project possible.

The alternative to isplemsnt & sensors—hasesd

will allow to the maritime administration the
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freedom in defining and optimizing in major
grade its own system, therefore minimize costs
of operation

The fact to implement a sensor-based survei-
llance system in  Feru requires a wvery high
imnitial  investmesnt because it include the
acouisition of seophisticated electronic eguip-

ment, the building of a rnumber of radar station

]

and other necessary civil works, as well as
implementation of cosmunication network  among

ot her.

i
B |
-t
L

ompansation by the initial investment. as
aforesaid, the sensors-based system operational
costs agaeinst  the current system are compa-
~atively low  bsrause e mird mum Brergy

consumption, minimum operator’s reculrement

considering thelt radsa

’x

i stations are unmanned,

proximity of wbions to towns ma:e easy
access to  them reducing thus, maintenance and

reparation costs.

™% g [ S O - Ton oy o L e o 7 . e e e

O the other baond, due to the aulti ssctor
— - e N AR PO 4 P E T ot [ g JNey oY o -
atuw-e, the prodeco would ailsw then to cbhein

requirements from those sectores at  such a2 level

of demand in order to justify the investment.

Ag  the economic benefits of the project are
given by a number of incomes coming from the
system performance, in order to determine
the exact economical value of the benefits
gained From the ssnsors-based surveillance
system, an glaborated investigation which is
outside the scope of this feasibility study must

he done.
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However, some facts are available and can  be
used as  a basie for the prediction of possible
gains. The main souwces of revenue could be

considered in the following:

{ii) Fines +for vioclations of maritime

{iii1) #ines for vieclation of contamination
regulations

(iv)  Fishing licences

The revenues coming from points 1 to 11 will
obviously be affected by an  improved Ssurvei-

llance sSystem bassd on sensors, becadsse the

giffenders ill be greatly  esnhanced 2lieady at
o i

tha VEFY @& Lly oF the systemn

i wigh It can be zsssumsd that the

pogsible technical improvements paired with an
active enforcement will give good results.
+

On the olher hand, the revendss

ara  not diersctly dipe
survelllance system, bul could improve, i new
mathods of iiaenﬁing~wmra contemp

Finally, to the economic benefits must  be
added a number of immaterial value benefits,such
as authority over national territorial waters
and the EEZ, maintenance of law and order at
sea rescue of lifes  and vessels in distress
and protection of the maritime enviromment in

addition to the national safety and economy.
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Fre conclusions

During the development of the present objisctive,
the author has decided, that the alternative to
implensnt & sensors-—based surveillance system,
from an economic  point of view, represents wvery
figh initial investments whereby a total
employment of the system is required in ordsr to
Justify the investments. On the‘mther hand, ths
great  initial investments are largely Come
ompensated by its low operational costs and the
low cost For increasing the system capabilities
which could be justified with new benefits, which

berause of the long life of the stem which

would net deorease the performance during its

e multi-sector characteristice will allow for a
surveillance demand From the different stated
sectors which will besnefit Fop the system. In

this sense, it would

sible to meet economic

etforts  for the imolementation of the system. A

. o P LR we g et S [ .. L cat s
mumbe 0F SErvic cuuid also be sold fto privats
‘:‘\}"“.i o e e [ I AR c" ".»‘r" 3 s lv"‘g. g e N
DL RN i il G i "{F:L‘.cl-_!..lx'l.- =AM PR SONE

1 ;
gronomic benefits may be obtained after imple-
manbting the syshbem.

Finally, the systen could be implementes in steps
in order to verify the system performance before

entering into substantial investments.
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CONCLUSIONS

The Feruvian maribime surveillan

of limitatiorns +to satisd

covering the entire maritime territory, therefore the

conbtrol of all the arctivitlies carried out at ses

It is necessary to find another alternative sclution

- vy e . e — . 2ot s proe oo o ey g s b o g g b gy e o - 3 e ey ok
for tne marit-me survelllance reasuiremnsnts eguired by
the Peravisn Sdhdinistes™icn not only fo satisfy vihe

necessity of giving Full coverage to the Peruvian

aritime ferritory but also to sfake a reliable and
lexible systemn.

The objectives to be performed by a surveillance
system, as well as the reqguirements reguested by
national organisms and international organizations,
which have been pointed out i Chepter IV, are
broadly satisfied by the alternative of implementing

a sensor-based maritime surveillance system in Peru.

106




5.5

5.7

The areas +to be covered by the system will depend
an how many radar stations will be laid down along
the Feruvian coast and air and shipborne sensors

available to the system.

According to the proposed system, radar station
will be able to cover areas nearby. coastal, and an
airbone radar system will work beyond the range of
the coastal radar installations.

Féom an the economical point of view, the
alternative to implement a sophisticated maritime
surveillance system in FPeru, refers to very high
investments, by which it is required to maximize
the employment of the system in order to justify the

investment.

Due +o a number of government and private sectors,

which are involved in the maritime Ffield, +the
alternative would allow them make an economic
effarts in different sectors which could benefit

+rom the system.

The feasibility to implement a highly costly survei-
llance system would not only correspond to
the maritime administration level, but to government
level, where not only the Ministry of Defense is

involved, but alsoc the public and private sectors.

The implementation of a sensor-—based maritime

surveillance system, as regards tc national defense

and safety, has been oriented for peace time
application, and especially for maritime adminis-
tration purposes, however the system can be upgraded
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for military purposes by the addition of special

devices to perform typically military functions.

The implementation of &a sensor-based surveillance
system will npot only give total control of the
jurisdictional waters but will also assist the
maritime officers by using computerized system
in making decisions.
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RECOMMENDAT IONS

6.1 It is necessary the Feruvian Maritime Adminmistration

“d

through the Naval Ministry, to promote and support the
implementation of a sensor-based maritime surveillance
system along the Peruvian coast at the highest level

of government.

The Maritime Administration should aslk different
system designers, and sensors and egquipment producers
for detailed information as regérds characteristics,
capabilities, system designs, costs, training of
personnel maintenance, spare parts and payment for

acgquisition.

The project, on the implementation of a sensor-based
surveillance system, has to be studied in depth by
skilled persons in different fields, where the system
involve might be used, i.e, professionals in sconomy,
electronics, communications, computerized system

informatics, and so on.
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6.4 One alternative, as regards economic resources would

be the system implementation by stages according to a
designed plan and, would at the same time serve
as an effectiveness test at an early phase of the

implementation.
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ANNEX I

I.- THEORETICAL FRAME

1.1.

GLOBAL PROBLEMATIC INTRODUCTION

}.1.1 Description of the problematic selected area

Many years ago, at the beginning of the past

century, when human beings started to develop
the shipping industry and consequently the seaborne
trade, the maritime traffic has gone through the
years, increasing to a large extent bringing,
as a conseguence, many problems which the coastal
states have had teo facs.
Most of the problems which have arisen from the
increasing maritime traffic through- the different
routes, have taken place since many international
organlzations issued regulations related to
prevention of detriment, conservation and management
of natural resources, whether living or not,
prevention and control of marine pollution, and the
safety of life at sea in behalf of the international
community. Then, the coastal states have had to
implement their national legislations in order to
confront it.

Most countries which have adhared to the
various international organizations and ratified
their several conventions have not only developed
or improved their own maritime administrations
implementing its national legislations in order to

enforce the provisions of such international
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conventions an behalf of the international

community, but also on behalf of their own people.

The Peruvian Maritime Administration, which is the

responsible organization in charge.of carrying out
several tasks within the maritime field in order to
protect the national interests at sea in their
ﬁerritcrial waters and the Exclusive Economic Zone,
must face one of its major tasks within the scope of
their functions,which is the control of their
national sea waters dealing with: safety of life at
sea, maritime police, marine pollution, search and
rescue, among others.
Therefore, the Peruvian Maritime Maritime Adminis-
tration, through the Coast Guard Organization, has
arn important role within the strategy of the
national economy, providing surveillance of their
jurisdictional sea waters.

The Feruvian maritime territory has a litoral, of
approximately 1200 nautical miles in length and
200 nautical miles in hreadth, giving nearly a whole
area of 240,000 square nautical miles (830,000 KmZ).
Many activities, such as fishing in shallow waters
nearby the coastal line as well as in deep waters
between 100 and 200 NM  Ffar away from land, oil
exploitation on the continental shelf, and so on,
are carried out in the aforesaid areas whereon, the
Maritime Administration has to exert control and
surveillance in orrder to prevent the infringement of
national and international regulations and
agreements, and illegal activities.

However, the Peruvian Maritime Administration has
not yet developed a- proper system to satisfactorily

perform such functions in order to give surveillance
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coverage of the most congested areas where maritime
activities are developed, and to enforce such
regulations and to prevent illegal activities.
Nowadays, the electronic field has, within
communication and computing science, developed
itself in such a way that, systems have been created
for the purpose of . performing surveillance
functions, especially upon the areas wherein both,
the distances and speed of communications are the
main factors.

The surveillance system by electronical means, is
a high-technology system which gives, whatever the
operational reguirements may be, a total control,
not only on nearby areas to the coastal line, but
also on the Exclusive Ecornomic Zome up to Z00 NM and
more.

The aforesaid depends of course, on how sophis-
ticrated the system is, on the guantity of egquipment,
communication systems and data processing centers
used in the system.The more sophisticated the system
is, the more efficient the surveillance coverage

rangse will be.

In the surveillance field, many types of equipment
with different characteristics can be utilized.
Obviously, each piece of equipment could be operated
independent of each other; however, the best
performance is obtained when, &all pieces or most of
them work as a whole system, thus attaining a very
well organized data source, communications network
and a data processing center. ‘

Actually, in a maritime surveillance system, it is
feasible to- use airborne, ship and shore-based

sensors, which have been especially designed far
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this purpose.

As regards airborne equipment, the Side Looking
Airborne Radar could be mentioned (SLAR), which is a
sensor especially designed for maritime survei-
llance, whose main applications are:

Surveillance of sea traffic, oil spill detection,
fishery protection mainly in the high seas, and

search and rescue operations.

The Infrared/Ultraviolet scannegr system, isg
another piece of equipment used for the same end,
which has the capability of detecting suspected oil
discharges, surveys of accident sites and monitoring
of pollution in ships wakes. Other piece of
equipment can be added to the above mentioned
sensors to increase their'capability of storing and
recording information in order to provide good
evidence on what is going on in the area in
guestion.

Regerding the ship and shore based equipment, in

many situations an aircraft will co-operate and
interact with surface units and land-based command
centers, therefare all sensor systems in the
aircraft must be interfaced.to a microwave link on
which, all types of imagery and information can be
transferred to the ground at high speed.
Among land-based equipment can be mentioned the
radar stations set out at different geographicsgl
points along the coastal line. However, they do have
a limited range of coverage, which could depend
on the radar characteristics, scanner height and the
weather conditions in the operation area.

The land-based radar stations are mainly used for:
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safeguarding- - the integrity in both, territorial and

Exclusive Economic Zone waters, suppression of
untdesirable activities, maintenance of safe and
efficient +low of shipping especially those
associated with ports and crowded roadsteads.

Data processing Centers must be implemented in order
to receive and process the information coming
from different sources.

tonsidering both, land-based radar stations and
shipborne and airborne sensors as components of a
surveillance system, a number of alternatives to
build up such a system could be considered.

Dne of those alternatives could be: increasing the
number of patrel vessels, and providing specially
designed eguipment for carrying out the surveillance
 Ffunctions. This alternative could be developed in
arr&ngement with exploration aircraft.

On the other hand, the increase in air surveillance
capability makes a Jjoint effort with the patrol
vessels available which gives another alternative.
fiz a results this would have a gresat sdvantage
giving a larger range of coverage.

As regards the implementation of land-based radar
stations interacting with both, surface and air
surveillance units, they could be consider as a
third alternative where the three maritime
surveillance components would be used in the system.
All the above mentioned possibilities to
implement a maritime surveillance system have, to a
certain extent, their advantages and disadvantages
under the operational and economic point of view.
However, the last alternative could represent the
best solution for the surveillance requirements of

the Feruvian Maritime Administration, because it
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would cover the larger interest areas and would not

be subject solely to one element of operation.

1.1.2 Interrelation of problems

Maritime surveillance constitutes one of
the most importanf aspects within the scope of
the Peruvian Maritime Administration because
it include the major functians for which they
are responsible.

Actually, such a maritime surveillance is
carried out through both tbe Coast Guard
Fatrol Fleet and the Naval Air Force.

The former, is not only used for such a task,
but also others that the Maritime Adminis-—
-tration has to fulfill within the context of
their functions. The latter has not the
specialized sensors on board aircraft for such
a task.

Taking into consideration ssveral aspects in
which the FPeruvian surveillance is involved
and the extent of the Feruvian maritime
territory, the maritime surveillance to be set

out in Peru has to fulfill certain objectives

as regards to national and commercial
. interests:

(i) Frotection of territorial waters
EES: Frotection of the EEZ

(iii) Prevention of illegal activities

(iv) Frevention of illegal transport

(v? Co—ordination of rescue operations
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{vi) " Prevention of environmental damages
(vii) Navigation assistance

{viii} Traffic separation

(ixd Harbors traffic control

{3} Planning of piloting:

The system must provide the capability to exert not
5n1y an effectiveness control upon merchant vessels
allowed to sail into the Feruvian waters, but glsu
take control upon them during their stay within
FPeruvian jurisdiction.

It must be capable of contrelling that the foreign
fishing vessels which are performing fishing duties
within Jurisdictional waters have the duly
authorized licence +or such an activity.

flesc the system must be able to detect the

following:

(a) All types of vessels in territorial waters
without permission from national authorities
1§ =D National and foreign fishing vessels

carrying illegal activities into prohibited

ZONEs

{c) Mational and foreign vessels carrying out
not only smuggling activities, but also
those which can affect national safety

The system must also be able to cover large areas

in order to detect people and/or vessels in distress
as well as Eil spills and moxious substances in the
marine environment. )

The system must also include traffic surveillance

centers and traffic control centers in order to:
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{(a) track and identify vessels and other sea
targets within the surveillance areas

(b expose and analyse risks and threats

() co-ordinate and control warding-off opera-
tions and remedial actions

(ch) inform co-operating authorities and

organizations

Traffic management must be able to

{al detect, track and identify vessels within
of traffic
(b) analyse collision risks and traftfic

conflicts

(c) supply navigation assistance and traffic
separation

{ch) inform co-operating authorities and

organizations.

In order to Ffulfiil the above mentioned regui-
rements, a number of alternatives, previously named,

may be considered, namely

(i) fir surveillance, implementing the. already
existent proposed aircraft with specially
designed sensors for such a task, and
performance of conjoint operations with
surface swveillance units.

(ii) Surface surveillance, increasing in number
the current coast guard patrol fleet

{(iiid Acquisition of land—based radar which could
be set out along the Peruvian coast

(iv) Establishment of a system employing both,
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air and surface units, and land-based radar
stations making a joint effort as a whole
system interfaced to a processing data
center, regional centers and command control
center.
All above named alternatives ‘have a high costs,
however, taking into account the maritime
surveillance requirements, as before mentioned, and
Bbviously, the area to be covered, the three first
alternatives would have certain limitations in order
to efficiently perform a surveillance task.
The last alternative has not the same limitations.
However, we must take into account that the
short—term costs will be higher due to & mayor
factor to be considered when implementing & maritime
surveillance system which is not only the technical
nerformance of the system, but also the costs of it.
Those costs are the acquisition and installation
costs but also the costs for operation and

maintenance of the system during its life time.

The employment of a MARITIME SURVEILLANCE SYSTEM
utilizing sensors along the FPeruvian coast is going
to represent an alternative which will permit the
use of high-technology, and consequently the
Feruvian Maritime Administration will be able to
act as soon as required without a waste of time and
useless hu&an and economic efforts, giving quicﬁer,

more reliable and safer information upon almost all

jurisdictional waters. However, the PERUVIAN
MARITIME ADMINISTRATION =~ has not vyet made a
conscientious study of the implementation and

operation of a surveillance syatem taking into




consideration the operational and economical

appraisal of the project.

1i.1.3 The most significant aspect that the problem

represents

An economic and operational appraisal has
rnot yet been made which can be utilized in
the Fformulation of an acquisition“ and
operation project on a conjointly maritime
surveillance system, utilizing both airborne
and shipborne sensors, and land based radar
stations interfaced to a data processing
center, which will satisfy the necessity to
exert control within the territorial waters

and the Exclusive Economics Zone.

FProblems “which are giving origin to this

investigation

The increase in shipping and fishing
industries, and other warious activities which
are performed in the sea areas beleonging to the
Feruvian state, has brought as a consequence the
necessity to imﬁrove the control of the Peruvian
territorial waters and its adjacent: Exclusive
Economic Zone which is important not only to protect
the vested- - interest, but also to conform with
international regulations and agreements.

The high costs of &  high-technology surveillance




system is one of the rmajor problems which the
Feruvian Maritime Administration has faced and
therefore, the lack of an economical and operational
criterion is a barrier in order to decide the
acquisition and put into operation. a sophisticated
surveillance systen.
However, nowadays in spite of the present turbulent
situation, it could be feasible to get some
kinancing not only from international development
agencieés or credit from suppliers, but also the
project could be self financed in part om a long
term basis.

For this purpose we must consider that the costg
must be balanced against the benefits achieved by

the system. The bernefits nmay, in some cases, be

U

calculated from incomes in the Form of fine

n
+i
a
=

illegal fishing, offenses against maritime law and
so on. On the other hand, it is not possible to put
a price on the benefits bsrause many of them are of
immaterial value.

Therefore it demands, due to the importance of the
project for the FPeruvian Maritime Administration and
consequently for the Peruvian nation, the attention
from organisms in charge of protecting the FPeruvian
maritime interests to adopt such  a highly
technological system employing electronical means to

ensure the national interest at sea.

-

1.2.1 Reasons for the problem selection

(i) If an operational. and economic apprai-
sal on a maritime surveillance system

is not 'made, then it will not be




{ii)

(iii)

(iv)

+

feasible for the PFeruvian Maritime

Organization to support the acguisition
project and the operation of & high
technology maritime surveillance
system. .

The responsible organism in charge of

securing the national interests at

-sea must consider certain requirements

of surveillance which can not be fully
satisfied with the current system in
operationy Therefore, without a study

on the project appraisal if could not

consider the solution by means of

utilization of &a surveillance system
using Sensors interfaced through
communications network to a data
processing center. _
Unless a project appraisal is made, the
Peruvian maritime Administration will
not be able to defined neither the
ecanomical reguirements nor the
benefits.

Therefore, if would not be feasible
to participate an acguisition and
opsration project planning of a
maritime surveillance system which is
sensors—based.

The use 'of a maritime surveillance
system employing beth airborne and
shipborne sensors and, land-based radar
stations intertfaced to a data
processing center will give an entire
control of the coastal waters through

data communications network based on




‘radio links and telephone lines feeding
information from radar stations, patrol
vessels, pilots, off-shore services and
other sources, into the computer
system. Then the information will be
processed, stored and displayed{so that
the operators can initiate and maintain
an automatic vessels tracking process.
#11 the above mentioned (systems)
(processes) would permit +them to have
an accurate picture of . the current
situation at sea and disclose potential

risk situations or illegal activities.

1.2.2 Froblem definition

The problem is that there is no evaluation of
an operational effectiveness and economic criterion
of ‘the operation and acqguisition of a maritime
survelllance systen employing interfaced sensors
through communications network to a data processing
center which allow, the corresponding organism, to

take a decision.

1.2.3 The significance of the problem

(a2} Having a project appraisal would allows
the corresponding organism to take a
resolution as regards acquisition and
operation of a highly sophisticated
maritime surveillance system to be

operated within Feruvian jurisdictional




{b)

{c)

waters.

Having a project appraisal, the Maritime
Administration could consider the soclution
regarding survelllance requirements
within Peruvian territorial waters and the
Exclusive Economic Zohe, by means of a
highly sophisticated maritime surveillance
system

The project appraisal of a highly
sophisticated maritime surveillance system

will permit the author, to go in detail

into surveillance requirements of his
country, gain knowledgement of highly-
spophisticated gguipment ’ specially,

designed for such a task, availability of
such eguipment in the world market, he
aware of costs and go into detail about
the necessity and reality of a maritime
surveillance system from the point of view

of the Feruvian Maritime Administration.

1.2.4 Investigation Theme

CRITERIA DETERMINATION FOR IMPLEMENTATION
AND OFERATION OF A MARITIME SENSOR-BASED
SURVEILLANCE SYSTEM IN FERU

1.3 FINALITY

fAs  far

consists of mak

as the investigation is concerned, it

ing a ' diagnosis of the current situation of

the maritime surveillance ‘system in Peru taking into
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consideration the Maritime Administration requirements and

evaluating solution alternatives, which means the
employment of a maritime surveillance system using
specialized SENSOrs on board aircraft, ships and
shore—based stations interfaced to a data processing
center.

Such an evaluation must be made in order to determine

the operational effectiveness and set economic criterion.

1.3.1 ENDS

1.3.1.1 End No 1
To diagnose the current status of the
Feruvian maritime surveillance system
regarding to the national reguirements
in order to determine the satisfaction
level of such requirements against the
actual using system.
End No 2

H
¥
.
b

Evaluate the alternative to employ a
sensors—based maritime system to
satisfy the Feruvian maritime survei-
llance reguirements, taking into
account effectiveness and economic
criterion in order to give judgement
elements for the acguisition and
operation of a maritime surveillance

system.

1.3.2 OBJECTIVES

1.4.2.1 Identify the National requirements in

respect ~ of protection of Feruvian
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1.53.2.2
1.3.2.4
GOALS

1.3.3.1

maritime interests, in order to know
the maritime surveillance needs to be
satisfied by the Maritime Admi-
nistration.

To effect an comparative analysis

between the national maritime survei-

.llance requirements and the equipping

feasibility in order to determine the
current satisfaction level of such

reguirements.

Analyze the effectiveness of employing
a sensors—based surveillance system to
solve the Feruvian maritime survei-

llance reguirements.

Analyze the economical aspects for the
acquisition and operation alternative
of a sensors—based maritime survei-

lance system, in order to have
judgment elements which allows for a
decisions on such alternative to be

taken.

fnalyze the maritime administrative
reguirements directly connected with
management and control of such
activities carried through the
jurisdictional sea waters in order to

identify the surveillance functions to
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be performed.

Analyze each maritime function taking
into account the set out requirements
in order to determine global survei-

llance needs.

Comparison of the surveillance
requirements according to the current
equipment the Maritime Administration
has, in order to determine the present
satisfaction level of such require-

ments.

Design a proper maritime surveillance
system according to Feruvian coastal
geographical conditions in order to
evaluate its effectiveness and

operation.

Petermine the employment effectiveness
of a sensors—based maritime
surveillance system to solve the
Feruvian maritime surveillance regui-
rements in order teo meet judgement
elements which makes it possible to

take a decisions on such alternative.

It is vital to consider criteria, to
analyse the economic aspects of the
alternative to .acguire and operate a

sansars—based maritime surveillance

system.




ANNEX I1I

AIRBORNE SENSORS TECHNICAL CHARACTERISTICS

Side Looking Airborne Radar ( BLAR )

éntehna

1

- Freguency

- Peak power

- Ground resolution
- Displays ranges

- Weight

-~ Power consumption

Infrared and Ultra Violet

- IR~ Channel
- UV - Channel

- Kesolution

- Field of view
- Weight

— Power consumption

I meters slotted wave-guided
vertical polarization

% - band 2.4 GHz

10 kw.

759 % 75 meters

20~40~-80 km. both sides

7¢ kgs.

28 VyDbC, 11 A

Scanner Bystem (IR/UV)

8-14 microns {(thermal infrared)
D.3- 0.4 picrons

S5 milliradious or 2 meters
ground resolution at 1000 ft.
flying altitude

80 degrees

58 kgm.

28 vDC, 12 A

LAR and IR/WV display monitor adds 30 Qg. and 28 VDC, 4A

Camera System

- Camera lens
- Weight

24 w 36 mm.
14 kgs.
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- Power consumption

28 DVC, © A

- Camera record

ea

year, month, day and region,

hour, minute, second

latitude, degrees, minutes and
1710 minutes and mission
longitude, degrees, minutes and

i/710 minutes
Duick look documentation System
One of the best advantages is that polaroid camera can be
interfaced with IR/UV scanner system and polaroid photos
create an easily and accessible file of events for
each mission without delay of Film processing.

Digital cassette recorder

-~ Data cassettes

DC-3Z00 Type

~ Capacity

17 m byte/ cassette ( memory!




ANMEX 111

COMMAND AND REGIONAL CENTERS CHARACTERISTICS

Command and Regional centers consist of the following
hardware blochks:
a) Colour Displays Console
- Clour FPI
- Communication Fannel
-~ Text display unit
~ Operator Fanel 1
- Operator Panel 2
b} Monochromatic Display Console
~ Monochromatic FPI
- Communication Fanel
- Text display unit
- Operator Panel 1
- Operator Panel 2
- Radar Remote control Panel
- Gite supervision panel
b Luoging Printers
d) Computer and Interface cabinets

e} Text Terminals

The radio control panel provides access to radio traffic
on 15 raddio stations/channels and the telephone control
panel gives access to communication on fixed lines or the
public network. Cassette recorder is  available for
maintaining a record of radio and telephone traffic
together with time-clock information.

Data base system can display information between 100




and 200 vessels, depending on specific features equipment.

{see attached figures) cosola, display etc.

FPI, is a vectorial graphic display, which could be
either a 146" diameter, monochrome, long persistence or a
24" diameter, multicolor, short persistence cathoderay
tube.

An alpha-numeric display terminal with a keyboard
Depepding of the PFI-type, coastlines are shown together
with a reference grid and targets can be +tracked with
symbols of various shapes

Specitics technical equipment'Features differ depending

of the builder, however they are almost the same.

PROCESSING AND STORAGE

Target tracking. per centre

!

I

Fadar imputs max. b

Number of targets normally 100

Data stored per target

max. 160 characteres

Flots from sach radar

maxk. 120/s. ( Lime?

Method of initiation auvtomatic—semi automatic o

normal

Track storage

Storage time

minimum 24 hs.

Interval

avery &6 minutes

Flay-back spesed 30 or Z0O0 times faster

than real time.

Input devices

Rolling ball




- ‘Fush buttoms

- Software controlled function keys

- Alpha-numeric keyboard.

Computer-Generated reference information:

Maps

i
Total No. of segments

‘stored

displaved

Total area stored

Resolution
Gdditional

Text for maps

Territorial limits,

economic ZOones,

waterways etc.

Fresentation

Vector graphics

- Diameter

— Scales

- Symbols
- Target tables

display,

i

r omax. ZOo0o

! omax. oS00

: max. 2048 » 2048 bkm2.

: approx. 30 m.

: max. 600 characteres
: total approx. 600 segments and
points stored

200 displayed at one time

FFI

16" ,option 23" colour

foeto

6 km.

1: 200,000, radius aprox.3I2 km.

1: 100,000, radius aprox

1: 300,000, radius aprox.B0 km.
1: 17°000,000,radius aprox. 160
kem.,

Standard configuration

: 4 alpha numeric chardcteres




- Time, real or play : month, dater, hour, minutes
back

- Time prediction : hours minute

Alpha—-numeric display terminal

- Display size 12" diagonal

- Text'capacity 20 lines /- char/line

Colour graphics display subsistem

- Screen size

20" diagonal

- Type Raster Scan

Resolution

512 w 640 pivels

- No. of colours : 8

RADAR

Antenna

- Frequency range : B.5-%.46 GHZ
- fAperture t 4.5 % 0.5 m2
- Beam width, hor. : 0.6

~ Beam widtﬁ,vert, : 4

- Gain : 40 dE

- Side lobe ratio : 28 db

~ Rotation rate 40/20 or 26713 rpm

— Folarization horizontal

T/R ( transmition/ receiver unit)

- Frequency : B.S - 9-6& BHZ
- Agile banwidth : 450 MHZ

- Peak power 3 200 kw.

— Noise figure : 10.5 dB.

Radar Extractor




Flot extractor

- Kesolution

= Number of sub areas
-~ Flot extraction

capacity

Target extractor

- Stationary tracks

- Auto-initracted tracks

1024 range bins

128 max.

100 per sec.
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1.2

ANNEX IV

AIRBORNE SENSORS SYSTEM CHARACTERISTICS

Standard functions

Display functions

8]

Split screen display
Raw radar video
True motion

North/stem oriented

Bearing compensation of two-axis

and
ff—centering
Scaling
Bearing scale
Heading marker

Range ring

Synthetic symbols and vectors

Electronic map

Alpha-numeric tables

LFun craft, marker and vector

Navigation data
.Target data
.Data entry +ield.

perational functions

data

Manual tracking of up to 16 targets

Target data calculation based on

radar

for piteh

latest two

consecutive measurements and dead reckoning

Electronic map navigation with own position update
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- Average ) : 3.0 us
- Line patterns : 8 types
- Lime and matching : "Fer+ect". over/back

step function
.2.8ymbol and character generation

~ Symbol and character, Fixed: Z00

Frogrammable: 200

- writing directions HE

- gsymbol/character sizes : 7 (2.7,4,5.3,6.7,8.1
G4, 10.8 mm)

- gircles and arcs T ves

- time to draw-small symbeols : 1.0 us

—amall charact. : 1.8 us.
4.7 Radar Presentation
- FPresentation of one radar
picture
- Range g 1-512 km.
- OFf centering 0.2:1% km
— Calibration rings T oyes
- Drawing time - radius : 50 us.
.4.Display
- Deflection band with : 3 MHZ
- Video band with v 20 MHZ

- Line with

- Refresh rate,

alphanumeric area v 50 HZ

graphic area 1. 20 HZ
- Intensity levels

{(programmable) : B




hJ

using radar pictures refersences ( map correction)

- Target data transmission ( selected targets or full

target data table)d.

Operation

Main tasks of operator are:

*

Radar control and operation ( mode selection, range
selection, search sector definition)

Target detection and evaluation

Target tracking (manual initialization and
tracking)

Target position determination ( absolute and /or
relative coordinates)

Target

Mavigation support

Interfaces

Radar video, sync, antenna bearing and logical
sigrnals. ’

Compass { synchro)

Doppler radar and /or airspeed indicator

Data link

Fower supply.

Ferformance Data

Vector generation

Addressable points 4064 » 4064

Average drawing time

ACHrDsSs sCreen 25 us or 100 hs.

Fositioning time

across screen 6.5 us
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- Blinking frequencies I o.6,1.2,2.4 HE

- Phosphor, alphanumeric

area

green "medium

persistence”

graphic area green "very long

persistence"

4.3. Typical "overall" performance

Together with the raw radar video the following

synthetic information can be presented simulta-

neously:

1.

In the graphic area A

¥ appr. 1000 medium size vectors (Electronic map)

¥ 200 F00 symbols (plots, markers, target symbols
etc.)

In the alpha numeric area

¥ normal messages /tables containing 200~ 300

characters

I¥ conflict of capacity ariss, then the
electronic map will be " truncated " in the
peripheral areas

Installation

Some of the outstanding features of the systems
and low weight, low volume and low power
consumption all cabin equipment fits into 19 inch
standards to facilitate installation design.

The structural modifications in the airframe an
kept to & minimum. Two small apertures for
SLAR - wave guides, one hole for the vertical
camera, one opening for the IR/UV scanner with

the same standards sire as for conventional
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and two mounts for the SLAR antenna an reguired.
Total weight of SLAR, IR/UV, Cameras, Display
monitor, Data HStorage unit and racks is
approximately Z35 kgs. with a total power
consumption of 1000 w.

Installation time : around 4 weeks.
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