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ANALIZA KOPNENIH DIGITALNIH KOMUNIKACIJSKIH
SUSTAVA § OSVRTOM NA MOGUCU PRIMJENU U
POMORSKOM VHF PODRUCJU

ANALYSIS OF LAND DIGITAL COMMUNICATION SYSTEMS
WITH EMPHASIS ON POSSIBLE APPLICATIONS IN THE
MARITIME VHF BAND

SAZETAK

Uslijed porasta broja korisnika i intenzivnog koristenja
frekvencijskog VHF podrucja javila se potreba za
povecanjem njegova kapaciteta. Takoder, javijaju se i
potrebe za novim vrstama usluga, kao sto je prijenos
podataka, Sto postojeci analogni sustavi ne mogu
uspjesno podrzati. Stoga su u ovome radu analizirana
obiljezja relevantnih kopnenih digitalnih komuni-
kacijskih sustava s ciljem utvrdivanja mogucnosti
primjene u pomorstvu. Kljucni parametri prema koji-
ma je provedena analiza odabrani su na temelju
pretpostavke o vaznosti istovremenog postojanja ana-
lognog i digitalnog nacina rada na susjednim kana-
lima i mogucnosti postepenog uvodenja novog sustava.
Analogni nacin rada potreban je za obavljanje komu-
nikacija pogibelji, hitnosti i sigurnosti zbog njegove
robusnosti i rasprostranjenosti. Za mogucu primjenu u
pomorskom VHF podrucju predloZeni su oni sustavi
koji postizu visoku spektralnu ucinkovitost i koji se
uklapaju u postojece komunikacijske kanale, cime bi
se olaksalo njihovo uvodenje.

Kljuéne rijeci: pomorske VHF komunikacije, kopneni
digitalni sustavi, DMR, dPMR

SUMMARY

Due to the increase in the number of users and the
intensive usage of maritime VHF band, there has been
a need to increase the system capacity. Moreover, there
is a need for new types of services, such as data
transmission, which cannot be supported efficiently by
the existing analog systems. Therefore, in this paper the
characteristics of relevant land digital communication
systems have been analyzed with the aim of identifying
possibilities of maritime applications. The key
parameters, under which the analysis was conducted,
were selected on the basis of the assumption on the
importance of coexistence of analog and digital modes
of operation on adjacent channels and the possibility
for gradual introduction of a new system. The analog
mode of operation should be maintained to perform
the distress, urgency and safety communications due to
its robustness and distribution/prevalence. The systems
that achieve high spectral efficiency and fit into the
existing communication channels, which would
facilitate their introduction, are proposed for the
possible application in the maritime VHF band.

Key words: maritime VHF communications, land
digital communication systems, DMR, dPMR
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1. UVOD

Govorne komunikacije prenoSene analognim
kanalima, osobito u pomorstvu, do sada su mo-
gle razmjerno kvalitetno zadovoljiti potrebe
prosirenja kapaciteta informacijske infrastruk-
ture. Medutim, razvojem pomorskog prometa u
posljednjim desetlje¢ima, znacajno se povecao
broj korisnika sustava pomorskih komunikacija
dovedavsi do njegove preopterecenosti. Stoga,
u svijetu, vec viSe godina postoji rasprava o po-
trebama dogradnje, odnosno povecanja kapaci-
teta VHF podrudja, odnosno namece se potre-
ba aktivhog istrazivanja novih tehnoloskih
rjeSenja problema, uz sagledavanje visestrukih
problema prilagodbe na medunarodnoj i nacio-
nalnoj razini.

Zbog znacajnih prednosti u odnosu na analo-
gne sustave, digitalni se sustavi posljednjih go-
dina uvode u sva vaznija podrucja unutar ko-
pnenih pokretnih komunikacija. Budu¢i da su
ovi sustavi, premda ogranic¢eni u broju korisni-
ka, usluga i dometu, ve¢ funkcionalni, oni pred-
stavljaju dobar izvor saznanja koja se mogu ko-
ristiti 1 pri razvoju sustava pomorskih
komunikacija.

KoriStenje digitalnih govornih komunikacija
u podrucju pomorstva malo je istraZzena tema.
Digitalne komunikacije u pomorstvu prisutne
su kod satelitskih sustava, ali ovi funkcioniraju
na bitno razli¢itim principima (tehni¢kim osno-
vama) u usporedbi s terestrickim komunikacij-
skim sustavima u pomorstvu. Medunarodna
udruga za telekomunikacije — ITU koja kroz
svoje preporuke odreduje i standarde vezane uz
pomorske komunikacije, na zahtjev zemalja s
povecanim potrebama za brojem kanala u po-
morskom VHF podrudju kroz dvije klju¢ne pre-
poruke odredila je smjernice razvoja [15] [16].

Organizacija ITU upucuje na trazenje rjese-
nja nedostatka broja kanala kroz primjenu
spektralno ucinkovitih digitalnih komunikacij-
skih sustava i navodi osnovne smjernice. Kao
primjeri uspjeSnog prijelaza s analognog na di-
gitalni nacin komunikacije, u radu su analizira-
ni kopneni komunikacijski sustavi, koji se zbog
specifinosti potreba u pomorstvu ne mogu
izravno primijeniti u pomorskim sustavima. Sli-
jedom proucenih izvora bilo je moguce razradi-
ti i prikaz postojeCih spoznaja koje se sazeto
navode u nastavku.

1. INTRODUCTION

Voice communications, transmitted in the
analog channels, especially in the maritime ap-
plications have been able to satisfy the needs of
capacity expansion of the information infra-
structure relatively well. However, the develop-
ment of the maritime traffic in the last decades
led to a significant increase in the number of
maritime communications users which resulted
in its congestions. As a result, for many years
there has been a debate in the world about the
need to upgrade and increase the capacity of
the VHF band, which imposes the necessity of
active research into new technological solu-
tions, with the consideration of multiple adjust-
ment problems at international and national
level.

In the recent years, due to their significant
advantages over analog systems, the digital sys-
tems have been introduced in all major areas
within the land mobile communications. Since
these systems are already functional, although
limited in the number of users, services and
range, they represent a good source of informa-
tion that can be used in the development of
maritime communication systems.

Utilization of digital voice communications
in maritime communication systems is a rarely
explored and discussed topic. Maritime digital
communications are present in satellite sys-
tems, but they operate on very different princi-
ples (technical basis) if compared to terrestrial
maritime communications systems. The Inter-
national Telecommunication Union (ITU),
which through its recommendations also sets
standards related to maritime communications
at the demand of countries facing an increase
in the need for more channels in the maritime
VHF band, presented guidelines for the future
development and expansion of the existing sys-
tem in two key recommendations [15][16].

The ITU suggests an increase in the number
of channels through the use of spectrally effi-
cient digital communication systems, for which
it provides some basic guidelines. As examples
of successful transition from analog to digital
mode of communication, the land communica-
tion systems, which, due to the specific mari-
time needs, cannot be directly applied to mari-
time systems, are analyzed in this paper.
Following the sources studied, it was possible to
analyze the display of the existing knowledge
that is concisely cited hereinafter.
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2. KOPNENI DIGITALNI
KOMUNIKACIJSKI SUSTAVI

Radi utvrdivanja moguénosti i ogranicenja
prenosenja iskustava iz vec¢ postojecih (i stan-
dardiziranih) kopnenih komunikacijskih susta-
va, u radu je izloZen pregled relevantnih obi-
ljeZzja kopnenih sustava koji mogu posluziti za
modeliranje prijedloga digitalnih komunikacija
u pomorstvu. Naime, digitalni komunikacijski
sustavi zasad se ne koriste za govorne komuni-
kacije u pomorstvu unutar terestrickih komuni-
kacijskih sustava. Potrebno je stoga, iskustva
vezana uz kopnene komunikacije procijeniti te
dati smjernice za potrebne prilagodbe specific-
nostima pomorskih komunikacija.

Poznati komunikacijski sustavi na kopnu u
pravilu su razvijani u sluzbi potreba specifi¢nih
korisnika kao $to su vojska, policija, vatroga-
stvo itd., Sto ih je ucinilo relativno zatvorenima
i relativno ograni¢enim u podruc¢ju primjene.
To se odrazilo na samu tehnologiju, odnosno na
opremu i na organizaciju komunikacijske mre-
ze. Posredovanje dispecerskih centara kao i ve-
zanost za nacionalne regulatorne okvire pred-
stavljaju ogranicavajuce okolnosti za prijenos
dobrih iskustava na podrucje pomorstva.

U nastavku je dan kratak prikaz najraspro-
stranjenijih kopnenih digitalnih komunikacij-
skih sustava: TETRA, APCO Project 25, EDA-
CS, DIMRS, DMR i dPMR.

2.1. TETRA sustav

Jedan od prvih digitalnih komunikacijskih
sustava TETRA (pocetni naziv Tians European
Trunked Radio, kasnije TErrestrial Trunked RA-
dio) razvila je organizacija ETSI (European Te-
lecommunications Standards Institute) za potre-
be hitnih sluzbi i kopnenih prometnih sustava
[2 - 8]. U TETRA komunikacijskom sustavu
korisnici nemaju fiksno dodijeljene kanale, ve¢
se putem baznih stanica upravlja koriStenjem
kanala. Ovakva tehnologija ima visoku iskori-
stivost raspolozivog frekvencijskog spektra. Su-
stav podrzava tri naCina komunikacija:

1. govorne komunikacije i prijenos podataka
nazvan V+D (Voice+Data), gdje preko ba-
znih stanica korisnici imaju mogucnost isto-
vremenog odasiljanja govora i podataka u
simpleks i dupleks modu;

2. LAND DIGITAL
COMMUNICATION SYSTEMS

In order to determine the possibilities and
limitations of the transfer of experience from
existing (and standardized) land communica-
tion systems, a review of the relevant character-
istics of land systems, that can be used to model
the proposed maritime digital communications,
is presented in this paper. Namely, digital com-
munication systems are not currently used for
voice communications within the maritime ter-
restrial communications systems. Hence, it is
necessary to assess the experiences related to
land communications, and provide guidelines
for necessary adjustments to the specific mari-
time needs.

The present land communication systems
have been generally developed to serve the
needs of specific users such as the military, po-
lice, fire service, etc., which made them rela-
tively closed and limited in scope. This was re-
flected on the technology, i.e. on the equipment
and the organization of the communication
network. The procurement of dispatching cent-
ers as well as the attachment to the national
regulatory frameworks present restrictive con-
ditions for the transfer of good experiences in
the area of maritime communications.

In addition, a brief overview of the most
widespread land digital communication systems
is given: TETRA, APCO Project 25, EDACS,
DIMRS, DMR i dPMR.

2.1 The TETRA system

One of the first digital communication sys-
tems, called TETRA (original Trans European
Trunked RAdio, later TErrestrial Trunked RA-
dio), was developed by the ETSI organization
(European Telecommunications Standards Insti-
tute) for the emergency services and land trans-
port systems [2 — 8]. Users of the TETRA com-
munication system do not have assigned fixed
channels; the use of channels is managed
through base stations. This technology has high
utilization of the available frequency spectrum.
The system supports three modes of communi-
cations:

1. voice communications and data transmis-
sion called V + D (Voice + Data), where
users have possibilities of simultaneous
voice and data transmissions in simplex and
duplex mode through base stations;
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Tablica 1. Osnovne tehnicke karakteristike TETRA sustava
Table 1 Basic technical characteristics of the TETRA system

Sirina fizickog kanala / Physical channel bandwidth

25 kHz

Multipleksiranje kanala / Channel multiplexing

TDMA, 4 logi¢ka kanala po okviru /
4 logical channels per frame

Modulacija / Modulation method

n/4-DQPSK

Brzina prijenosa / Transmission rate

7.2 kbit/s po logickom kanalu /
7.2 kbits/s per logical channel

Kodiranje govora / Speech coding

ACELP koder / coder (Algebraic Code-Excited
Linear Predictive) 4.8 kbit/s

Broj kanala u odnosu na kanal §irine 25 kHz /
Number of channels in relation to the 25 kHz channel
bandwidth

4 kanala / 4 channels

Izvor / Source: Autori / Authors

2. direktne komunikacije DMO (Direct Mode
Operation), gdje pokretne stanice mogu
izravno stupiti u vezu bez posredovanja ba-
znih stanica;

3. paketni prijenos podatka PDO (Packet Data
Optimized) koji je pogodan za korisnike koji
imaju potrebe samo za povremenim odasi-
ljanjem podataka.

TETRA sustav projektiran je za rad na UHF
podrudju uz Sirinu kanala od 25 kHz, a udalje-
nost medu stanicama moze iznositi do 17,5 km.
Osnovne tehnicke karakteristike sustava prika-
zane su u tablici 1.

Izravna primjena TETRA tehnologije nije
moguca u pomorstvu. Naime, sustav je razra-
den samo za UHF podrucje te po svojim teh-
nickim karakteristikama, odnosno zbog struk-
ture kanala ne odgovara primjeni na VHF
podrucju. Nadalje, sam nacin modulacije zahti-
jeva upotrebu izlaznih pojacala s linearnom ka-
rakteristikom, dok postoje¢i brodski uredaji s
obzirom na karakteristike signala koji se odasi-
lje, koriste nelinearna pojacala koja imaju visok
stupanj iskoristivosti. Eventualno uvodenje TE-
TRA tehnologije zahtijevalo bi potpuni i isto-
vremeni prijelaz svih korisnika na novu tehno-
logiju, Sto je nerealno. Paralelna primjena oba
sustava, TETRA i analognog pomorskog VHF
podrucja, na susjednim bi kanalima stvarala
smetnje onemogucavajuéi komunikaciju.

2.2. APCO Project 25 sustav

APCO Project 25 (Association of Public-Sa-
fety Communications Officials-International) je
digitalni komunikacijski sustav organizacije
TIA (Telecommunications Industry Association)

2. direct communications DMO (Direct Mode
Operation), where mobile stations can make
direct contact with the end user, without the
intermediation of base stations; and

3. packet data transmission PDO (Packet Data
Optimized) which is suitable for users who
need only occasional data transmissions.

The TETRA system is designed to operate
on UHF frequency band with a 25 kHz channel
bandwidth, and a distance can range up to 17.5
km between stations. The basic technical char-
acteristics of the system are shown in Table 1.

A direct application of the TETRA technol-
ogy is not possible in maritime communica-
tions. The system was developed to operate
only on UHF frequency band and because of its
technical characteristics, i.e. its channel struc-
ture is not appropriate for VHF frequency
band application. Furthermore, the very way of
modulation requires the use of an amplifier
with a linear output characteristic. Namely, the
existing ship systems, regarding the characteris-
tics of the transmitted signal, use non-linear
amplifiers which have a high efficiency. A pos-
sible introduction of the TETRA technology
would require a complete and simultaneous
transition of all users to the new technology,
which is unrealistic. A parallel implementation
of both systems, the TETRA and the analog
VHF communication system, would create in-
terferences on adjacent channels which would
prevent normal communication.

2.2 The APCO Project 25 system

The APCO Project 25 (Association of Public-
Safety Communications Officials-International)
is a digital communication system standardized
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Tablica 2. Osnovne tehnicke karakteristike APCO Project 25 sustava
Table 2 Basic technical characteristics of the APCO Project 25 system

Sirina fizi¢kog kanala / Physical channel bandwidth

12.5 kHz (1. faza / Phase 1)
6.25 kHz (2. faza / Phase 2)

Multipleksiranje kanala / Channel multiplexing

FDMA

Modulacija / Modulation method

C4FM (1. faza / Phase 1)
CQPSK (2. faza / Phase 2)

Brzina prijenosa / Transmission rate

9.6 kbit/s

Kodiranje govora / Speech coding

IMBE koder / coder (Improved Multi-band
Excitation) 4.4 kbit/s

Broj kanala u odnosu na kanal Sirine 25 kHz /
Number of channels in relation to the 25 kHz channel
bandwidth

2 kanala / 2 channels (1. faza / Phase 1)
4 kanala / 4 channels (2. faza / Phase 2)

Izvor / Source: Autori / Authors

standardiziran u SAD-u za potrebe sluzbi opce
sigurnosti (policija, hitna pomo¢, vatrogasci
itd.), kao i za drzavne sluzbe [18]. Sustav podr-
Zava tri na¢ina komunikacija kao i TETRA su-
stav, a raspodjela kanala je takoder na zahtjev
prema Trunking protokolu. Predvidene su dvije
faze uvodenja sustava, a razlikuju se po nacinu
modulacije i predvidenim Sirinama komunika-
cijskih kanala. Prva faza koristi CAFM (Con-
stant-Envelope 4-level Frequency Modulation),
modulaciju uz Sirine kanala od 12,5 kHz, dok je
u drugoj fazi za Sirine kanala 6,25 kHz predvi-
dena CQPSK (Coherent Quaternary Phase Shift
Keying) modulacija. Multipleksiranje kanala je
frekvencijsko i logicki kanal je ujedno i fizicki.
Frekvencijska podrucja na kojima sustav moze
raditi su VHF i UHE a udaljenost na kojoj se
moze obaviti komunikacija je do 35 km. Osnov-
ne tehnicke karakteristike sustava prikazane su
u tablici 2.

Osnovni problem APCO Project 25 sustava
je relativno mali domet, iako je za prvu fazu
uvodenja sustava vrsta modulacije prihvatljiva,
s obzirom da signal ima konstantnu amplitudu.
U drugoj fazi postize se visoka spektralna ucin-
kovitost, ali karakteristika moduliranog signala
zahtijeva upotrebu linearnih pojacala. Dodatni
je problem sto FDMA tehnologija zahtijeva du-
pleksnu izvedbu uredaja za potrebe obavljanja
istovremeno dvosmjernih veza, a takoder se
njenom primjenom smanjuje i spektralna ucin-
kovitost.

2.3. EDACS sustav

Komunikacijski sustav EDACS (Enhanced
Digital Access Communication System) razradila
je tvrtka Ericsson, Cija je namjena omogucéava-
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in the United States by the TIA organization
(Telecommunications Industry Association) for
the services of public safety (police, ambulance,
fire, etc.), as well as for civil services [18]. The
system supports three modes of communication
as does TETRA, and the channel assignment is
also conducted to the so-called “Tiunking” pro-
tocol. Two phases of system implementation
are anticipated.

These two differ in the modulation method
and provided communication channel band-
widths. In the first phase, the CAFM (Constant-
Envelope 4-level Frequency Modulation) method
with a 12.5 kHz channel bandwidth is used,
while the second phase uses the CQPSK (Co-
herent Quaternary Phase Shift Keying) modula-
tion method with a 6.25 kHz channel bandwith.
The system uses frequency division multiple ac-
cess and the logical channel is also the physical
channel. Frequency bands on which the system
can operate are VHF and UHE and a distance
between stations for communication establish-
ment can range up to 35 km. The basic techni-
cal characteristics of the system are shown in
Table 2.

The basic problem of the APCO Project 25
system is a relatively small range, although the
modulation method in the first phase of the sys-
tem implementation is acceptable, given that
the signal has a constant amplitude. High spec-
tral efficiency is achieved in the second phase
of the system implementation, but the charac-
teristics of the modulated signal require the use
of linear amplifiers. An additional problem lies
in the fact that the FDMA technology requires
duplex design of devices for the purposes of
performing simultaneous bidirectional commu-
nications, and thus its application reduces the
spectral efficiency.
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Tablica 3. Osnovne tehnicke karakteristike EDACS sustava
Table 3 Basic technical characteristics of the EDACS system

Sirina fizitkog kanala / Physical channel bandwidth |25 kHz i/ and 12.5 kHz
Multipleksiranje kanala / Channel multiplexing FDMA

Modulacija / Modulation method GFSK

Brzina prijenosa / Transmission rate 9.6 kbit/s

Kodiranje govora / Speech coding

IMBE ili / or AMBE koder / coder 6.5 kbit/s

Broj kanala u odnosu na kanal Sirine 25 kHz /
Number of channels in relation to the 25 kHz channel
bandwidth

1ili 2 kanala / I or 2 channels

Izvor / Source: Autori / Authors

nje izravnog prijelaza s analognih na digitalne
komunikacije [18]. Sustav je primjenjiv za kana-
le sirine 12,5 kHz i 25 kHz na VHF i UHF fre-
kvencijskim podrucjima. Koristi GFSK modu-
laciju (Gaussian Frequency Shift Keying) uz
brzinu prijenosa od 9600 bit/s i frekvencijsku
raspodjelu kanala (FDMA). Sustav omogucava
istovremeno koriStenje analognih komunikacija
na kanalima Sirine 25 kHz i digitalnih komuni-
kacija na kanalima Sirine 25 kHz i 12,5 kHz, uz
upotrebu istih uredaja. Sustav je stoga pogodan
za postepeni prijelaz s analognih na digitalne
komunikacije jer omogucuje komunikacije po-
sredstvom baznih stanica i izravne komunikaci-
je izmedu pokretnih stanica. Nadalje, upotre-
bom sustava podrzane su govorne komunikacije
1 prijenos podatka. KoriStenje kanala je moguce
na konvencionalni nacin, kao i nacin koriStenja
kanala na zahtjev, odnosno Tiunking protokol.
Kodiranje govora obavlja se pomoéu AMBE
(Advanced Multi-Band Excitation) ili IMBE
(Improved Multi-Band Excitation) koderom sa
6,5 kbit/s, te je osigurana visoka kvaliteta go-
vornog signala. Udaljenosti na kojima se moze
obavljati komunikacija ovise o frekvencijskom
podru¢ju. Osnovne tehnicke karakteristike
EDACS sustava prikazane su u tablici 3.

Glavni nedostatak ovoga sustava je njegova
niska spektralna ucinkovitost, ¢ime se ne bi mo-
glo povecati broj raspolozivih komunikacijskih
kanala Sto i je osnovni razlog istrazivanja alter-
native za postoje¢e komunikacije na pomor-
skom VHF podrudju.

2.4. DIMRS sustav

Sustav DIMRS (Digital Integrated Mobile Ra-
dio System) razvijen je u Kanadi kao jedinstven
sustav u kojem su integrirane usluge mobilne
telefonije, paging sustav, dispecerski sustav i

2.3 The EDACS system

The communication system EDACS (En-
hanced Digital Access Communication System)
was developed by the Ericsson company and it
was intended to enable the direct transition
from analog to digital communications [18].
The system is applicable for the 12.5 kHz and
25 kHz channel bandwidths on the VHF and
UHF frequency bands. It uses the GFSK
(Gaussian Frequency Shift Keying) modulation
method with a transmission rate of 9600 bit/s
and frequency division multiple access. The sys-
tem enables the simultaneous use of analog
communications on channels of 25 kHz band-
width and digital communications on channels
of 25 kHz and 12.5 kHz bandwidth, using the
same device. Therefore, the system is suitable
for a gradual transition from analog to digital
communications. The system allows both com-
munications via base stations and direct com-
munications between mobile stations. The sys-
tem also supports voice communications and
data transmission. The channel usage is possi-
ble in a conventional way as on demand, i.e. ac-
cording to the “Tiunking” protocol. Speech
coding is made by AMBE (Advanced Multi-
Band Excitation) or IMBE (Improved Multi-
Band Excitation) coders with 6.5 kbit/s, ensur-
ing a high quality of the speech signal. The
distances for the successful communication es-
tablishment depend on the frequency band.
The basic technical characteristics of the system
are shown in Table 3.

The main disadvantage of this system lies in
its low spectral efficiency, thus the system could
not increase the number of available channels,
which is the main reason for the search for al-
ternatives to the existing communications in
maritime VHF band.
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Tablica 4. Osnovne tehnicke karakteristike DIMRS sustava
Table 4 Basic technical characteristics of the DIMRS system

Sirina fizickog kanala / Physical channel bandwidth

25 kHz

Multipleksiranje kanala / Channel multiplexing

TDMA, 6 logickih kanala po okviru /
6 logical channels per frame

Modulacija / Modulation method 16QAM
Brzina prijenosa / Transmission rate 64 kbit/s
Kodiranje govora / Speech coding VSELP koder / coder

channels in relation to the 25 kHz channel bandwidth

Broj kanala u odnosu na kanal Sirine 25 kHz / Number of

6 kanala / 6 channels

Izvor / Source: Autori / Authors

prijenos podataka [18]. Komunikacijski kanali
Sirine su 25 kHz uz primjenu TDMA tehnologi-
je, a svaki fiziCki kanal koristi vremenski okvir
trajanja 90 ms koji je razdijeljen u 6 logickih ka-
nala svaki u trajanju od 15 ms. Struktura komu-
nikacijskih kanala i brzine prijenosa u DIMRS
sustavu razli€iti su u ovisnosti o vrsti usluge. Za
kodiranje govora koristi se VSELP (Vector Sum
Excited Linear Prediction) koder. Upotrebom
16QAM (16-level Quadrature Amplitude Modu-
lation) modulacije postignuta je ukupna brzina
prijenosa unutar kanala Sirine 25 kHz od 64
kbit/s. Sustav je predviden za rad samo na UHF
podrucju, a karakteristike moduliranog signala
zahtijevaju upotrebu izlaznog pojacala s linear-
nom karakteristikom. Takoder, sustav ne omo-
gucuje izravne komunikacije medu pokretnim
stanicama, a podruéje pokrivanja koje ovisi o
dizajnu sustava i vrstama uredaja iznosi do 40
km. Osnovne tehnic¢ke karakteristike DIMRS
sustava prikazane su u tablici 4.

Osnovna prednost DIMRS tehnologije je
vrlo visoka spektralna ucinkovitost. Nedostatak
predstavlja nacin modulacije koji trazi izrazito
linearna izlazna pojacala, kao i kod TETRA
tehnologije. Utoliko niti ova tehnologija, kao ni
vrlo slicna TETRA, ne dozvoljava izravnu pri-
mjenu u pomorstvu.

2.5. DMR sustav

Sustav DMR (Digital Mobile Radio) je “otvo-
reni” komunikacijski sustav razraden i standar-
diziran od organizacije ETSI (European Teleco-
mmunications Standards Institute) [9 — 13].
Sustav je predviden za upotrebu u tri razine:
nelicencirani korisnici (Zier I), licencirani kori-
snici u konvencionalnoj mrezi (7ier II) i licenci-
rani korisnici u Trunking mreZzi (Tier I1I). Sustav
je predviden za frekvencijska podru¢ja VHF i

2.4 The DIMRS system

The DIMRS system (Digital Integrated Mo-
bile Radio System) was developed in Canada as
a unique system with integrated mobile phone
services, paging, dispatch and data transmission
[18]. The system is based on TDMA technology
with communication channels of 25 kHz band-
width, and each physical channel uses a time
frame of 90 ms, which is divided into 6 logical
channels, each lasting 15 ms. The structure of
communication channels and data transmission
rates, in the DIMRS system, vary depending on
the type of service. The VSELP (Vector Sum
Excited Linear Prediction) coder is used for
speech coding. Using the 16QAM (16-level
Quadrature Amplitude Modulation) modulation
method, the overall transmission rate of 64
kbit/s within a channel of 25 kHz bandwidth, is
achieved. The system is designed to operate
only on the UHF band and the characteristics
of the modulated signal require the use of the
output amplifiers with linear characteristic.
Moreover, the system does not allow direct
communications between mobile stations and
the area of coverage, which depending on the
system design and the types of devices, ranges
up to 40 km. The basic technical characteristics
of the system are shown in Table 4.

The main advantage of the DIMRS technol-
ogy is its very high spectral efficiency. The mod-
ulation method, which requires highly linear
power amplifiers, as well as in the TETRA
technology, represents a disadvantage. Insofar,
neither the DIMRS technology, nor the very
similar TETRA technology, allows direct mari-
time applications.
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Tablica 5. Osnovne tehnicke karakteristike DMR sustava
Table 5 Basic technical characteristics of the DMR system

Sirina fizickog kanala / Physical channel
bandwidth

12.5 kHz

Multipleksiranje kanala / Channel multiplexing

TDMA, 2 logi¢ka kanala po okviru / 2 logical channels

per frame
Modulacija / Modulation method 4FSK
Brzina prijenosa / Transmission rate 9600 bit/s

Kodiranje govora / Speech coding

nije definirano — struktura kanala podrzava kodiranje
govora brzinom 3600 bit/s / not defined — the channel
structure supports speech coding of 3600 bit/s rate

Broj kanala u odnosu na kanal Sirine 25 kHz /
Number of channels in relation to the 25 kHz
channel bandwidth

4 kanala / 4 channels

Izvor / Source: Autori / Authors

UHEF uz koriStenje komunikacijskih kanala Siri-
ne 12,5 kHz. Multipleksiranje kanala je izvede-
no primjenom TDMA tehnologije, a svaki fizic-
ki kanal koristi vremenski okvir trajanja 60 ms
koji je razdijeljen u 2 logicka kanala svaki u tra-
janju od 30 ms. Struktura komunikacijskih ka-
nala teoretski omogucuje komunikacije do uda-
ljenosti od 150 km, no u stvarnim uvjetima je
zbog neuskladenosti sinkronizacije u prijemni-
cima udaljenost manja.

Sustavom su podrzana tri na¢ina komunika-
cija posredstvom baznih stanica, ali i izravnim
vezama izmedu pokretnih stanica: govorne ko-
munikacije, kratke tekstualne poruke (SMS) i
paketni prijenos podataka prema IPv4 i IPv6
protokolima. Bazne stanice omogucuju izravan
pristup mobilnim korisnicima u razli¢ite komu-
nikacijske sustave (javna telefonska mreza, in-
ternet itd.), kao i izravne pozive prema mobil-
nim korisnicima. Signal moduliran 4FSK
(4-level Frequency Shift Keying) modulacijom
omogucuje brzinu prijenosa od 9600 bit/s, ima
konstantnu amplitudu i kompatibilan je s ana-
lognim kutno moduliranim signalima. Osnovne
tehni¢ke karakteristike DMR sustava prikaza-
ne su u tablici 5.

DMR sustav osigurava visoku spektralnu
ucinkovitost i omogucuje dupleks komunikacije
s vremenskom podjelom TDD (7ime Division
Duplex). Nedostatak sustava je da se u simpleks
nacinu rada, koji je potreban za odasSiljanje po-
ruke prema viSe korisnika, istovremeno moze
koristiti samo jedan vremenski okvir ¢ime se
gubi na spektralnoj ucinkovitosti. Dvije vazne
prednosti DMR sustava proizlaze iz Cinjenice
da se lako moze uklopiti u postojecu strukturu
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2.5 The DMR system

The DMR system (Digital Mobile Radio) is
an “open” communication system developed
and standardized by the ETSI organization
(European Telecommunications Standards Insti-
tute) [9 — 13]. The system is intended for use of
three levels: the unlicensed users (Tier I), li-
censed users of the conventional network (7Zier
II) and licensed users in the “Tiunking” net-
work (Tier III). The system is designed for VHF
and UHF frequency bands with the use of com-
munication channels of 12.5 kHz bandwidth.
The channel multiplexing is made by using
TDMA technology, and each physical channel
uses a time frame of 60 ms, which is divided
into 2 logical channels, each of 30 ms. Theoreti-
cally, the structure of communication channels
allows communication up to distances of 150
km, but in real terms, due to mismatches in re-
ceiver synchronization, this distance is smaller.

The system supports three modes of commu-
nication through base stations, and direct links
between mobile stations: voice communica-
tions, short text messages (SMS) and packet
data transmissions to the Ipv4 and Ipv6 proto-
cols. The base stations provide direct access for
mobile users into different communication sys-
tems (public telephone network, the Internet,
etc.), as well as direct calls to other mobile us-
ers. The signal modulated with the 4FSK (4-lev-
el Frequency Shift Keying) modulation method
provides a data transmission rate of 9600 bit/s,
has a constant amplitude and is compatible
with analog angular modulated signals. The ba-
sic technical characteristics of the system are

shown in Table 5.
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komunikacijskih kanala na pomorskom VHF
podrucju te omogucuje istovremeno postojanje
analognih i digitalnih komunikacija na susjed-
nim kanalima. Za DMR tehnologiju joS ne po-
stoji razradena infrastruktura, odnosno postoji
samo na idejnoj razini.

2.6. dPMR sustav

Komunikacijski sustav dPMR (digital Private
Mobile Radio) je po svojim karakteristikama
vrlo slican DMR sustavu i takoder standardizi-
ran od organizacije ETSI (European Telecom-
munications Standards Institute) [14]. Razlika u
odnosu na DMR je u FDMA nacinu koriStenja
kanala. Modulacija 4FSK za dPMR sustav pri-
lagodena je za Sirine komunikacijskih kanala od
6,25 kHz, a brzina prijenosa iznosi 4800 bit/s.
Sustav je predviden za frekvencijska podrucja
VHF i UHE

Sustav je zbog FDMA tehnologije jednostav-
niji za primjenu (manji problemi oko sinkroni-
zacije uredaja) i razraden je za dva nacina upo-
trebe. Prvi nacin predviden je za izravne
simpleks komunikacije medu mobilnim uredaji-
ma (Mode I). Drugi nacin rada predviden je
kao centralizirani sustav upravljan preko bazne
stanice, koji omogucuje dupleks komunikacije.
Za dupleks komunikacije potrebno je koristiti
dva kanala ¢ime spektralna ucinkovitost postaje
ista kao i u DMR sustavu. Iako sli¢ni po karak-
teristikama, sustavi dPMR i DMR nisu medu-
sobno kompatibilni. Osnovne tehnicke karakte-
ristike dPMR sustava prikazane su u tablici 6.

Takoder, kao i DMR, dPMR sustav se lako
moze uklopiti u postojecu strukturu komunika-
cijskih kanala na pomorskom VHF podrudju 1

The DMR system ensures high spectral effi-
ciency and provides duplex communications
with time division TDD (7ime Division Duplex).
The disadvantage of the system is that in the
simplex mode of communication, which is need-
ed for transmitting messages to multiple users,
the system can simultaneously use only one time
frame and thereby lose spectral efficiency. Two
important advantages of the DMR system stem
from the fact that it can easily fit into the existing
structure of communication channels in the mar-
itime VHF band, and it allows simultaneous ex-
istence of analog and digital communications on
adjacent channels. There is, however, yet no ex-
isting designed and elaborated infrastructure for
the DMR technology, i.e. it exists only on the
conceptual level.

2.6 The dPMR system

The dPMR communication system (digital
Private Mobile Radio) is very similar to the
DMR system by its characteristics, and is also
standardized by the ETSI organization [14].
The difference, if compared to the DMR sys-
tem, is the FDMA channel usage. The modula-
tion method 4FSK of dPMR system is opti-
mized for communication channel of 6.25 kHz
bandwidths, and a 4800 bit/s transmission rate.
The system is designed for the VHF and UHF
frequency bands.

The system is easier to use due to the FDMA
technology (less problems with synchronization
devices) and is designed for two modes of com-
munication. The first mode is intended for di-
rect simplex communications between mobile
users (Mode I). The second mode of communi-
cation is intended to operate as a centralized

Tablica 6. Osnovne tehnicke karakteristike dPMR sustava
Table 6 Basic technical characteristics of the dPMR system

Sirina fizickog kanala / Physical channel bandwidth |6.25 kHz
Multipleksiranje kanala / Channel multiplexing FDMA
Modulacija / Modulation method 4FSK
Brzina prijenosa / Transmission rate 4800 bit/s

Kodiranje govora / Speech coding

nije definirano — struktura kanala podrZzava
kodiranje govora brzinom 3600 bit/s /

not defined — the channel structure supports speech
coding of 3600 bit/s rate

Broj kanala u odnosu na kanal Sirine 25 kHz /
Number of channels in relation to the 25 kHz channel
bandwidth

4 kanala / 4 channels

Izvor / Source: Autori / Authors
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omogucuje istovremeno postojanje analognih i
digitalnih komunikacija na susjednim kanalima.

Nove komunikacijske tehnologije standardi-
zirane od strane ETSI organizacije, DMR i
dPMR, prepoznate su kod velikog broja proi-
zvodaca komunikacijske opreme, projektanata
komunikacijskih sustava, regulatornih tijela te
korisnika. Glavni razlozi za iskazani interes
proizlaze iz:

* relativno velikih mogucnosti daljnjeg Sirenja
uz obuhvat velikog broja novih korisnika

* mogucnosti postupnog prijelaza iz postojeéih
sustava, odnosno migracije s analognih na di-
gitalne tehnologije

* multifunkcionalnosti, odnosno moguénosti
pruzanja novih usluga kao Sto su lociranje,
logisticki menadzment itd.

Buduci da je DMR tehnologija predvidena za
profesionalne potrebe, 2005. godine potpisan je
memorandum o suradnji, temeljem kojeg je
osnovana DMR asocijacija (DMR Association)
u cijem clanstvu sudjeluju vodece tehnoloSke
grupacije kao sto su ICOM, Motorola, Fylde Mi-
cro, Avtec, EMC i drugi. Osnovni cilj je suradnja
u testiranju i certificiranju DMR sustava te su-
radnja s regulatornim agencijama Sto ¢ini DMR
tehnologiju jednom od najperspektivnijih.

3. ZAKLJUCAK

Specifi¢nosti pomorskih VHF komunikacija,
kao Sto su upotreba frekvencijskog podrucja za
potrebe sigurnosti i globalna rasprostranjenost,
uvjetuju nacin prijelaza na digitalne komunika-
cijske sustave. Kopneni komunikacijski sustavi
funkcioniraju unutar manjih geografskih po-
drucja, pa je njihov model prijelaza zasnovan
na revoluciji, gdje se u jednom trenutku tehno-
logije u potpunosti zamjenjuju. Pomorski VHF
sustav zahtijeva evolucijski model u kojem nova
tehnologija treba koegzistirati s postoje¢om
tehnologijom. Kod uvodenja novog digitalnog
komunikacijskog sustava na VHF podrucju u
pomorskim komunikacijama posebnu paznju
potrebno je usmjeriti prema komunikacijama
za potrebe sigurnosti, koje bi zbog svoje vazno-
sti i robusnosti trebale ostati na postoje¢em
analognom nacinu rada.

Zbog potrebe istovremenog postojanja ana-
lognih i digitalnih komunikacijskih sustava unu-
tar pomorskog VHF podrudja, analizirane su

system controlled by the base station, which al-
lows duplex communications. To establish such
communications, it is necessary to use two
channels, thus the spectral efficiency becomes
the same as in the DMR system. Although sim-
ilar in characteristics, the dPMR and the DMR
systems are not mutually compatible. The basic
technical characteristics of the system are
shown in Table 6.

The dPMR system, like the DMR system,
can easily be integrated into the existing struc-
ture of communication channels in the mari-
time VHF band and it also allows simultaneous
existence of analog and digital communications
on adjacent channels.

The new communication technologies stand-
ardized by the ETSI organization, the DMR
and the dPMR, have been recognized by a large
number of communication equipment manu-
facturers, communication systems planners,
regulators and users. The main reasons for the
interest shown arise from:

* relatively great possibilities for further ex-
pansion with the coverage of a large number
of new users,

* possibilities of a gradual transition from the
existing system, i.e. migration from analog to
digital technologies,

* multifunctionalities, i.e. the possibility to
provide new services such as locating, logisti-
cs management, etc.

Since the DMR technology is intended for
professional purposes, in 2005, a memorandum
of cooperation was signed and the DMR Asso-
ciation was established. These members are
leading technology groups such as ICOM, Mo-
torola, Fylde Micro, Avtec, EMC, and others.
The main objective of the DMR Association is
the cooperation in the testing and certificating
the DMR system and the cooperation with reg-
ulatory agencies, making the DMR technology
the most promising choice.

3. CONCLUSION

The specific features of maritime VHF com-
munications, such as the use of the frequency
spectrum for safety purposes and its global dis-
tribution, determine the way of transition to
digital communication systems. Land commu-
nication systems operate within smaller geo-
graphical areas, and therefore their transition
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vaznije tehnologije koje se koriste u kopnenim
komunikacijama. Dvije tehnologije standardizi-
rane od organizacije ETSI primjenjive su za po-
trebe pomorskih VHF komunikacija, a obje
omogucuju koegzistenciju analognih i digital-
nih kanala. S obzirom na unaprjedenja koja se
postizu, prednost je dana tehnologiji DMR
koja koristi komunikacijske kanale Sirine 12,5
kHz uz vremensku raspodjelu kanala i omogu-
¢uje dupleks komunikacije s primjenom TDD
protokola. Druga tehnologija je dPMR, koja je
razradena za komunikacijske kanale Sirine 6,25
kHz i podrzava samo frekvencijsku raspodjelu
kanala.

Sustav DMR primjenjiv je na kanale Sirine
12,5 kHz te ne zahtjeva dodatnu preraspodjelu
komunikacijskih kanala s obzirom da je ITU
predvidio komunikacijske kanale na pomor-
skom VHF podrudju Sirine 12,5 kHz. Spektral-
na ucinkovitost od 6,25 kHz proizlazi iz koriste-
nja vremenske raspodjele kanala ¢ime se jedan
fizi¢ki kanal Sirine 12,5 kHz dijeli na dva kori-
snicka (logicka) kanala. Sustav se temelji na ce-
tverorazinskoj FSK modulaciji (4FSK) s kon-
stantnom amplitudom moduliranog signala.
Ova modulacija uz prethodnu obradu digital-
nog signala informacije (filtriranje) omogucava
brzine prijenosa od 4800 simbola u sekundi, od-
nosno 9600 bita u sekundi. Odabrana vrsta mo-
dulacije ne uzrokuje smetnje na susjednim ka-
nalima i pogodna je za paralelan rad analognih
i digitalnih komunikacijskih sustava, te bi se
mogla koristiti kao podloga za izradu pomor-
skog digitalnog VHF komunikacijskog sustava.

model is based on revolution, i.e. technologies
can be completely replaced at once. The mari-
time VHF system requires an evolutional mod-
el in which the new technology should coexist
with the existing technology. When introducing
a new digital communication system in the
VHF maritime communications, special atten-
tion must be paid to communications for safety
purposes, which in view of their importance
and robustness should remain on the existing
analog mode.

Due to the need for the coexistence of ana-
log and digital communication systems within
the maritime VHF band, some important tech-
nologies used in land communications have
been analyzed. The two technologies standard-
ized by the ETSI organization are applicable in
maritime VHF communications, and both al-
low the coexistence of analog and digital chan-
nels. Regarding the improvements that are
achieved, the authors’ preference is given to
the DMR technology, as it uses communication
channels of 12.5 kHz bandwidth with a time di-
vision of channels and allows duplex communi-
cations using the TDD protocol. The other
technology is the dPMR, developed for com-
munication channels of 6.25 kHz bandwidth
and which supports only frequency division of
channels.

The DMR system is applicable to channels
of 12.5 kHz bandwidth, and does not require
additional redistribution of communication
channels. The ITU has planned communication
channels of 12.5 kHz bandwidth in the mari-
time VHF band. The spectral efficiency of 6.25
kHz stems from the use of time division of
channels allowing one physical channel of 12,5
kHz bandwidth to be divided into two user
(logical) channels. The system is based on the
four-level FSK modulation method (4FSK)
with a constant amplitude of the modulated sig-
nal. This modulation method, with previous
processing of digital information signal (filter-
ing), allows transmission rates of 4800 symbols
per second, or 9600 bits per second. The select-
ed type of the modulation method does not
cause interferences on adjacent channels and is
suitable for parallel operation of analog and
digital communication systems, so could there-
fore be used as a basis for the development of
the maritime VHF digital communication sys-
tem.
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