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Makaira — versatile communications
for coastal and archipelago
 protection vessels

A. Bell

Summary Agreements reached by
the Third United Nations Law of
the Sea Conference provide coastal,
island and archipelago states with
extended legal rights for the uriliza-
tion, management and protection of
natural resources in coastal and off-
shore areas. Many such states also
find it necessary to  provide
| increased protection against illegal
| entry and smuggling.

T achicve the necessary surveil-
lance and prl::lh-.{:l_'i.nu, these states
need to provide a cost effective polic-
ing system of aircrafi, ships and
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command centres ashore, To ensure
cifective and efficient co-ordination
within this organization will require
comprehensive COMIMUnICANons
networks,

The article describes how the new
Makaira radio system, which covers
all naval, marine, military and air-
cralt frequency  bands  between
| -6MHz and 400MHz, can provide
a relatively unsophisticated  but
{‘.mhpatihlr COTRIMuUnications pack—-
age for small patrol crali emploved
on  surveillance  and  protection

duties,

Introduction

In an ecra of declining  terrestrial
resources and increasing population
the need for new and larger natonal
resnurces is globally manifest. Agree-
ments reached by the Third United
Nations Law of the Sea Conference
provide coastal, island and
archipelago states with new legal
nghts for the uilization and protection
of resources within both inshore and
offshore  areas. The consequential
nghts and obligations placed upon
such states include responsibility for
the surveillance and control of territor-
il waters (12 miles) and Exclusive
Ecomomic Zones (EELs) (200 miles) to
protect fish and mineral resources and
energy supplies, and w provide sup-
port and rescue services. Inomost states

there also exists the need to protect
against illegal entrants, infiltration of
subversives, and smugglers of cur-
rency, drugs, fircarms and other con-
traband goods. Thus the civil and
military authorities of coastal and
archipﬁlagn stabes hecome
increasingly involved with coastal and
offshore defenee and protection,

have

Rationale of surveillance and
protection

The responsibilities of  proteciing
coastal borders and offshore resources
are substantial as the areas involved
are, in many instances, much larger
than the land areas of the countries
possessing  them. Rigorous enforce-
rment is not only a right but a responsi-
bility that must be implemented.

Enforcement entails continuous polic-
ing, not only to apprehend offenders
but also to acguire knowledge of what
is gning on and to provide a deterrent
against infringements. Covering the
needs of such surveillance, protection,
rescue  and, il necessary,  arrest
requires:

a) patrol aircraft, including helicop-
Lers,

b) surface vessels, including patrol
craft,

) communication networks,
d) command and control
ashore.

Communications are somewhat com-
plex because of the variety of units
involved. These may include civil,
policefcoastguard andfor naval wves-
sels; civil, military andfor naval air-
crafi; shore stations andfor offshore
rigs, many of which are probably
equipped Lo operate only within their
ownh specific frequency bands assigned
according to the Tnternational Radio
Regulations.

Meither aircraft nor ships can alone
carry out all the tasks. Obviously air-
craft can best Pﬂ'}ll"idt FECONNASSAnce
of large areas of sca whereas only sur-
face units can carry out :;m-th:—spgt
interrogations and, if need be, arrest
offenders. Ship's commanders there-
fore must have contact both with the
patrol aircraft and with the national
authorities ashore. In the event of
accidents to ships or to oil or gas rigs,
rescue operations are likely o involve
both civil and naval aircraft and ships
plus, possibly, units ashore. It is there-
fore important that surface units are
provided with reliable, comprehensive
and compatible communications.

centres

Development of patrol craft
capability

The design and deployment of naval
vessels has evolved throughout history
but traditionally these developments
have been mainly directed towards the
operational roles and requirements of
major warships — frigates, destrovers
and capital ships. However the
increasing costs in  building and
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aperating such ships, combined with
recent cvolutions 1In wedpons sysiems,
electronics and communications, have
led to increasing interest in the emp-
loyment of much smaller patrol craft
for many roles in coastal
archipclagn areas. Furlunnlely many
of the new policing and rescue dutics
and defence roles in these waters can
be undertaken by patrol craft manned
by coastguards or police-type organ-
izations, as well as by naval forces,

Tomatch these changes over the last
decade or 30, Marconi Communica-
tion Systems in the early 1970s
developed TCS3 for major warships,
followed in the late 1970s by NTC1 for
light naval fiorces — e.g. light frigates,
corvettes and offshore patrol vessels -
and also for submarines. Now Marconi
has introduced Makaira, a relatively
unsophisticated  but  comprehensive
communications package for small
patrol craft and the like, engaged on
surveillance, protection and rescue
coastal, offshore  and
archipclago arcas.

Several constraints are placed on the
design and cost of complex communi-
cation svtems for small vessels, where
both space and crew are very limited.
While providing high performance and
multi-band, multi-mode operation, the
system must be compact and light-
weight in order to be accommaodated
onboard, simple o operate and highly
reliable. In addition its cost must not
be out of proportion with that of other
onboard systems, Makaira provides a
solution which meets all these con-
siraints.

and

duties  in

Makaira tactical radio
s].rstem

Using only two transceivers, as shown
in figure 1 (typical basic system],
Makaira provides for communication
in the naval, internatoenal maritime,
military and aeronautical frequency
bands between | -6MHz and 400MHe,
H.F Transceiver H4810 covers the fre-
quency band |-6MHz to 30MHz and
V.H.FUHF Transceiver AID34H00
covers three ranges, 30MHz w 88MHz,
108MHz to 174MHz and 225MHz o
400MHz. The AD3400 also incorpo-
rates a guard receiver for simultaneous
monitoring of 243MHz or 121 -5MHz
according to the frequency band in use,
Subject to possible operating re-
straints, cither one or both transceivers
may be duplicated. Each transceiver
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may be operated locally, or remotely
through a radio control ring. Selection
ol the working frequency, emission
mode and transmitter power is nor-
mally made locally at each equipment
but optionally these facilities can be
provided at an extended position. The
number of control and loudspeaker
units incorporated in the ring can be
varied to meet individual needs bt itis
anticipated that the example shown in
figure | will fulfil many requirements,
The remote control units (two-radio)
enable each operator, or user, to select
and operate cither of the radios aned to
monitor the other. Additionallv, the
remote control units {two-radio) pro-
vide for intercom  between  the
usersfoperators  with  simultaneous
I'I'lu!'li lm‘ing ni‘ ane mdiﬂ. Th'l.ls-, fﬂr
example, while investigating a report
of illegal fishing, the commander on
the bridge could have uwhtf radio con-
tact with a patrol aircraft and intercom
with the tactical console operator who
is tracking the offending vessel by
radar. Simultaneously, a radio
aperator using the h.fradio eould be in
contact with a command centre ashore
andfor another patrol vessel,

When duplicate hf or vh.ifuh.f

.transceivers are installed, a radio ring

as figure 2, employing remote control

"units (three-radic) that provide access

(operating and monitoring) to three
radios plus intercom facilities, may be
fitted. The remote control units {two-
radio) may also be used in conjunction
with a three-radic ring installation to
provide operation and monitoring of
cither radios A+ B or radios A+ C. The
radios are linked w the ring at the
inter-connecting box by means of sim-
ple plug and socket connections so the
selection of the radios may be changed
easily and quickly at any time.

Interception and ECM protection

Inr.f:r::n:pliun and m:mimdng of s]:lipu
to-aircraft and ship-to-shore com-
munications can prove extremely use-
ful to intruders and offenders, enabling
them 1o take appropriate action to
cvade  interrogation and  possible
detention. The advantage of such intel-
ligence can readily be denied by the use
of secure voice communication. Both of
the transceivers can be provided,
optionally, with voice encr;-‘ptinri -
ems. These modems frst  convert
speech into digital format which is then
encrypted according to a8 previously
stored customer code. This is changed
periodically and every new transmis-

sion is cnerypied by a different part of
the code sequence — thus even the same
message, if repeated, would be
encrypted differently each time. At the
receiver the encrypted message is con-
verted back to clear speech by combin-
ing it with the same customer code
S UEnce,

Although perhaps of greater impor-
tance to vessels deployed in truly naval
roles during times of tension or hos-
tilities, circumstances may arise when
it is necessary to minimize the possibil-
ity of detection and location, eg. by
direction finding or interruption of
signals by jamming. Effcctive jamming
of communications could prove catas-
trophic since disruption of command
and control links would result in either
aborting an operation or significantly
reducing its effectiveness, Optionally
available for both transceivers are
moadems o provide a  frequency-
hopping capability thus making sign-
als extremely difficult w detect and
jam.

Transceiver H4810

Transceiver HEB10 (figure 3) is based
upon the recently developed military
combat net h.f radio, Scimitar H, which
covers the 1°6MHz to 30MHz fre-
quency range in 284,000 synthesized
|00Hz steps, Operation is cither singh:
or two frequency simplex with a re-
cetver clarifier facility accurate to 1Hz
steps, Up to ten channels, each eon-
taining the transmit and receive fre-
quency or frequencies and the operating
mode, can be presel and stored. A
choice of seven emission modes is pro-
vided —usb, La b, a.m, cow, secure, a)
{anti-jam) and secure+a.. The trans-
mitfreceive frequencies, the 10 channels,
clarifier, emission modes and built-in
test facilities arve selected and displayed
by a keypad and liquid-crystal alpha-
numeric display incorporated in a
detachable control panel which may be
used at up to 10m cable length from the
Lransceiver.

A receiverfexciter drives a 100W
broadband power amplifier, the out-
put of which is connected to a micro-
processor-controlled automatic
antenna-tuning unit {a.tu). The a.tu
is mounted adjacent to the antenna
which may be a whip of between 3m
and 8m in length or a wire antenna of
similar impedance. Tuning is rapid,
with tuning information being auto-
matically stored in the microprocessor,

A built-in, slow-speed frequency-
hopping capability may be used to



6 Communicaiion & Bnmurl-:':ls:rlngI Yalurme % Number 2

Fig. 3, Transceiver H4810 (Scimefar H)

f":'g, £, Transceiver ADH0 wwith control il

provide protection against inlercep-
tion by fixed-frequency reccivers and
jamming by fixed-frequency transmis-
sions. An optional modem provides
specch security and a more sophisti=
cated lrequency-hopping capability.

A bulltain-test-comipment (BITE)
facility provides a high degree of
aperitor  confidence in the correct
operation of the radio, together with
rapid fault diagnosis. A microproces-
sor continually scans the BITE from
cach major module and indicates any
fault condition on the liguid-crysial
display. A “test” key on the contrel
panel enables off-air checks down to
printed-circuit  board  levels.  Indi-
vidual printed-circuit  boards  are
plug-in  and fully interchangeable
without realignment.

The HAB10 operates fom a 28V d.c
supply but full performance is main-

tained within the limits of 24V 10 32V
d.c. With a power supply outside these
limits, the equipment continucs 1o
function but with a reduced frer-
lormance,

Transceiver AD3400

Multimaede Transceiver ADS400 (figure
4) conforms 1o standard acronautical
(ARINCG) characteristics and provides
for a.m or f.m voice communications in
the following frequency bands with
25kHz spacing throughoul:

JO-—88MHz fm Milivary
tactical

108-156MHz a.m Civillmilitary
aur

| 5= 174MHz fm International
maritime

225-400MHz a.mff.m Naval/military
air and ship
The transmitter is inhibited between

IMHz and 118MHz and between
i62MHz and |74MHz. An integral
guard receiver provides for simuliane-
ous  moenitoring  of 243MHz o
121 -5MHz according 1o the band in
ﬂpﬂ'ﬂti.un.

Upto 20 channel frequencies may be
preset and stored, AM or i may be
used in the 225 MHz to 400MHz band,
otherwise modulation is automatically
get according o the band in operation.

Transceiver ADIOD comprises two
units, i transmitter-receiver and a con-
ol unit. The transmitter-receiver is of
modular slice construction incorporat-
ing a synthesizer together with a
rransmitter, main receiver and a guand
receiver. A power amplifier provides
an output of 1AW on a.m and 15W an
f.m through switched harmonic filiers
for each of the operating frequency
bands. Two separate anlenm connec-
tors are provided for 30MHz
BEMHz and 108MHz to 400MIHz,
respectvely.

All functions and facilities, including
aperating frequencies and modes, pro-
vided by the ADS400 are selected and
-’Iiip]a'_red at the Control Unit which, in
the case of Makaira_ is incorporated
with the radiofconrol inerface cir-
cuitry in a bench-mounting unit. An
aliernative control unit may be located
up w Hm from the transmitter-
receiver unil.

Ciprional modems are available o
provide for secure speech or [requency
hopping.

While the equipment is operating,
microprocessor-controlled BITE cir-

cuilry carries oul continuous monitor-
ing of selected parameters, and a warn-
ing of incorrect operation is immedi-
atcly displaved on the control unit. A
muore detailed diagnostic check is initi-
ated when the test position ig selecied
on the mode switch. Failure of anv

module 15 indicated by illumination of

the appropriate module number on the
comtrol unit display. A ‘ne malfune-
ton’ condition is indicated by the word
PASS on the display. Defective mod-
ules may be replaced without the need
for internal adjustment,

The AD3HM operates from a 28Y
d.e supply but full performance is
maintained within the imits of 24V 10
29V d.c. With a power supply outside
Urese limits the equipment continues to
function but with a redoced perior-
Protection  circuits  prevent
damage in the cvent of short circuis,
reverse polarity, or over-voltage input
SUTEES,

Imance,



Radio control ring

The radie contral ring used in the
Makaira system is derived from a
range  of interconnecting, control,
operating and other ancillary audio
units, which are selected and intercon-
nected by a cable harness according to
the number of radios hOtted, the
number ol operatorfuser positions and
the facilities required (figures 1 and 2.
['hese units permit the use of one, two
or three radio: and also provide for
intercom  hetween the operatorfuser
positions, See Table 1 lora summary of
operating facilities,

I'he Interconnecting Box (tigure 5),
provides;

a) operatorfuser access to the radios,
b] a local operator position,

) the intercom amplifier,

di 18% power supply to the remete
control units,

The local operator may work one
radio and monitor another and also
have intercommunication with other
operatar positions. This unit operates
Irm a 28V d.c supply.

I'he Remote Control Unit (two-
radio} (figurc 6} enables ecach
operatorfuser o use one radio, to
manitor another and 1o wze intercom.
Ihe operating facilitics are indepen-
dently selectable at each position.

The Loudspeaker Amplifier (figure
71 selects cither a radio or intercom

Table 1: Summary of facilities
selectable independently at each
operator/user position using mic-
rophone/telephone headset

Sigrnal
Facility destination
Operate v.htfu ht both cars
or bl radio
Oiperate v.hofuhf left ear
ot b.f radio
manitor ather rmdio right ear
Operate intercnm both ears
Clperate intercom left car
monitor radio right ear
Intercom with overnide  all
{automatically reverts OPEratars,
ter morrnal at any
intercom ) switeh
setting

Loudspeaker reception of

radio or intercom signals

{optional)

Most of these faciliiies are available
also when using a handset and a
loudspeaker at an operating positon.

Makiara —- wwr=a |_i Il,' COoMmmunscannns for o Ihhl.il:l. il II.I dl L'I'Ii.p‘('lda{“ PI L} LB %'il.lrl L *“-‘:('I"'

Fig, 7. Loudspeaker amplifier

T
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signal and ampiiﬁtﬁ it suﬂ::cicntly [T
drive four | W loudspeakers. The amp-
lifier may also be used with audio sign-
als from a radio or other source outside
the svitem. This unit also rq‘quiﬂ's a
28V d.c supply.

The loudspeaker (figure 8) may be
connected direct 1o a Remote Control
Unit in quiet conditions or to the
Loudspeaker Amplifier in noisier con-
ditions or when a greater output is
required,

All units are sealed and only rowtine
checks and eleaning are necessary for
preventive mainienance. Except in an
emergency, the units should normally
be apened, repaired and resealed only
in controlled workshop conditions.

The units will operate with a power
supply from 21V 1w 33V d.c and will
withstand switching surges and pulses
without malfunction.

Conclusions

The comprehensive mult-Trequency
band coverage (1 -6MHz o 400MHz),
plus  the multi-mode operating
capabilitics ([c.w, a.m.e, ws.b, Ls.b,
a.m and £m) combined with equip-
ment compactness and an intercom
facility, make Makaira a most suitable
communication system for both new
construction and refitted patrol craft
deploved on coastal and offshore polic-
ing and rescue dutics. Makaira will
provide such craft with compatible and
inter-operable communications with
the existing and new types of radio
equipment likely to be used by other
patrol crall, rescue vessels, naval ves-

Fig. 8. Loudspraker

sels, fishing and other mercantile ves-
sels, civil and military helicopters,
military and naval aircraft and both
civil and naval shore stations,

These equipments can also be used
for other applications thus extending
compatibility of both communications

and logistics. An alternative version of

Transceiver H4810 15 the Scimitar H
which is used for both conventional
and secure malitary tactical communi-
cations. Transceiver AD3400 is used in
aircraft and  helicopters, and  has
already been ordered by three of the
world's major air forces and also for a
number of Royal Navy aircraft.

RESUME

e accords qu ont £4€ pnis @ la mokséme conlor-
ence des Nations Uinics sar Ia lod de la meer accor-
clend aux fats iles oodiéres of archipels des droats
ltgaux socrus pour Punlisation, la geston ol la
prodection des ressources naturelles dans lbes
wones cOleres of maritimes. Parmd ces flais, il en
eat beaucoup qui se vodent abliges < exercer une
prodection accrue conire bes entrees iilagales sar
leur werritoire ©f la contrebande.  Pour assurcer
In swrveillance et la protection qui sont néces-
saires, ores fats doivent établir un systeme
économique de contride et de gestion des tralics
d'avicoms et de navires et des postes centraux de
commande & terre. Pour assurer une coordina-
tioni cllficace et restable de organisation, il et
necetaire de disposer d un réseau de communi-
cations complet.

Larticle déorin comment be nouvean systeme
radio Makaira qui coavre toutes les bandes de
lréquenors navales, mannes, militaires o avions
enter | 6MHz et 400MHz peut offrir un ensem-

Tale el communications relativement simple mais |
compatible pour petites unités chargées de mis- |

siony ide surveillance e de protection,
5 hve Marssni Cosmpny Limaserk 1964

ZUSAMMENFASSUNG

Entsprechend den durch dic doste Ronlerenz
der Vercinten Nationen iiber das Secrcchr feat-
gesetzeen Abkommen, verfiigen Kisien=, Insel-
bew, Inselmeerstaaten jetze diber erweilerie
Rechie gum Awsbeuten, Verwalien sowie gum
Schutz der Natwrreserven in Kisten- und kiis-
rennahen Geldeten. Viele dieser Staaten miiswen
peezt auch erhihien Schutr gegen allegale Ein-
wanderung und Schmuggeln vorsehen,

Um natwendige U berwachung und Schutz zu
ereeichen, bendngen diese Staaten jetet ein kos-
tenwirksames [ herwachungssyatern mit Flug-
zeuge, Schiffen und Befehlszenuen am Land.
Wirksame und leistungsfahige Zusammenarbezt
innerhalb dieser Ovganisation bendtigt woll-
stindige Kommunikationsnetee.

Dicser Auliare beschreibi, wie das mewe
Muarconi-Radiosystem Makaira, welches alle
Fm{urll.:hindrr der Kril-g:- und Handels-
enarine, des Militdirs wnd der Luftfahee 2wischen
1.6 und $00MHz deckt, #in wrhiirni:milﬁg i
Bichies jedoch vertriighches Kommunikations-
praket fitr kleine Stresfenschiffe bieter, die fir
Ubserwachung und Schutz eingeseezt werden.

e

RESUMEN

Lass acucrdos a que llegi la Tercera Conferendia
de las Naciones Unadas sobre la Ley Maritiona,
proveen  a  estados  de islas cosleras oy
archipstlagos de derechos para la wtilizacidn,
administracion v proteccidn  de  recunios
naturales en gonas costeras ¥ de mar adenten,
Muchos de estos estados observan que es
nevesario tambifn proveer de mayor proteccidn
conra bas entradas v contrabanchs ilegales.

Con la finahdad de lograr la vigilancia v pro=
LECCiin necesarias, esins estados necesitan prop-
OFCMOMAD un sastema de 'uig'ii.ancia A Coslo resnt-
able de acroplancs, beques ¥ ceniros de mando
en tierra. Para asegurar coordinaciin efectiva y
eficienite dentro de esia organizaciin, s¢ rogq e
ran redes amplias de comumicacidn.

El articulo describe cdmo e norvo sistema de
radio Makaira, que abarca todas lax handax de
frecuencia navales, mardtimas, rilitarex ¥
aeroniuticas entre | 6MHz v 400MHe, paede
suminstrar wn conjunio offecido a precio ghabal
de comunicaciones relativamente insofisticada
pero eompatibie  para bugues  patralleros
perueios empleados en servicing de vigilancia v
pradecciin,



