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Presently Electronic Chart Display and Information System (ECDIS) is stage-by-stage introduced on all
marine merchant vessels. Due to its connection to various navigation sensors the ECDIS plays as the prime
navigational mean of modern shipping. Further integration of ECDIS with the Very High Frequency (VHF)
radio installation allows to enhance efficiency and operability of radio communication to increase safety of
navigation.

The aim of the present paper is designing the new ECDIS function, that provides interaction with the
Digital Selective Calling (DSC) controller of radio communication.

To implement this ECDIS function it is proposed to introduce modules for forming and processing DSC
messages, module of Automatic Identification System (AIS) target marking and also input and output
information ports by way of the connection to DSC controller is provided.

The obtaining advantages due to realization the new ECDIS function are analyzed. They are expressed in
the eliminating of hand operations with the DSC controller and replacing them by automatic call forming,
increasing efficiency of navigation situation analysis while simultaneously lowering the risk of "human
factor”.

In the article practicable maritime interfaces for DSC controller interconnection and symbols for
displaying AIS targets are also considered and it’s reflection in the case of DSC activation for different
radio communication priorities is proposed.

Keywords: Electronic Chart Display and Information System, Digital Selective Calling, Automatic
Identification System, radiocommunication

Introduction. Electronic Chart Display and Information System (ECDIS) [1, 2] is one of
the most important navigation and decision support tools, in the high degree due to the ability of
integration with the other systems and peripheral vessels equipment. Integration of various
systems, development of the concept of the integrated navigating bridge allows to operate a
vessel from one workplace — operator ECDIS. Another important tool in contemporary marine
navigation is Automatic Identification System (AIS). The AIS gives to navigator officer the
possibility of watching vessels in the vicinity on ECDIS display in the case of its linking to
ECDIS. The progress in real time digital signal processing of radar images has made possible
imposing these images upon electronic charts. Therefore AIS and navigational radar mutually
supplement each other and eliminate the drawbacks of separate systems for the sake of
navigation safety. It is already evident from the benefits of linking AIS, radar and ECDIS that
appropriately integrated systems give a synergy effect. Alongside the intrinsic advantages gained
by combining these instruments, such integration corresponds to the principles that underpin
IMO’s e-navigation concept [3]. Integration of various systems around the ECDIS allows to
optimize control of a vessel, avoid possible misses and incorrect decisions of the navigator
because of so called «human factor».

From the other hand maritime Very High Frequency (VHF) communication suffers from
some drawbacks. Terrestrial (not satellite) communication in general and VHF particularly is
based on Digital Selective Calling (DSC) technology. DSC is one of the core subsystem in
Global Maritime Distress and Safety System (GMDSS). In accordance with GMDSS
communication all radio telephone transmissions of any priority (distress, urgency, safety and
routine) must be preceded by the proper digital selective call. Nevertheless, the procedures of
radiocommunication with the use of DSC are often neglected either in cases of distress or with
other priorities. In particular, VHF channel 16 is often used incorrectly for any calls attributed
with routine priority as it was foreseen in the old (before GMDSS) system procedure instead of
using DSC on channel 70. Shortcomings of VHF communication using DSC or VHF/DSC in
abbreviation in its present state have been analyzed in document s [4 - 6]. In the document [5]
and paper [6], in particularly, some measures towards simplification of VHEF/DSC
communication were proposed.
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Taking into account the technical possibilities of ECDIS/AIS system and imperfection of
VHEF/DSC radiotelephony the next step in gaining the efficiency of ECDIS, to our opinion, gives
the opportunity of linking ECDIS/AIS to VHF/DSC radio installation.

Aim of the paper. The main aim of this paper is designing innovative function of ECDIS
that provides smart VHF communication under standard operational DSC procedures and
preservation the up-to-date radio installation. Benefits from such function implementation in
practical navigation and shore infrastructure are considered. Some decisions of technical
interfacing and marking of calling AIS targets are also proposed.

Results of investigations. Maritime VHF communication in the GMDSS includes two
stages: 1) preparing stage, which includes call on the channel 70 indicating the working channel
by means of DSC controller, and 2) properly voice communication on the stated working
channel after receiving appropriate acknowledge. In the other communication system with
automatic switching of channels the first phase is realized beyond operator activity. The user
doesn’t make any actions for channel setting and not feeling this process at all. Unfortunately in
the maritime communication all this burden falls on a navigator. After GMDSS coming in force
DSC channel 70 became a calling (and watching) channel in VHF band instead of voice channel
16, but this introduction didn’t solve the main problem of work channel settings.

Many additional manual actions and time are needed to establish the communication
which slows down the speed of information exchange and decreases the safety of navigation
especially during ship manoeuvres. Only entering Maritime Mobile Self Identity (MMSI)
demands 9 push buttons. In general making DSC includes about 20 elementary manual
operations on control panel.

In a pressing situation, for instance, when a ship intends to make any manoeuvre and
there 1s a nearby ship which makes an obstacle to this, navigators, as usual, neglect DSC process
and directly pick up the telephone on channel 16. Such elimination of DSC does not accelerate
reliable and correct VHF communication because a lot of time may be needed for called/calling
vessel’s verbal identification among other vessels. The calling vessel has to explain verbally
which vessel it wishes to call and this very called vessel must quickly understand that it is
addressed to it by exactly this calling vessel (along with its location among other vessels). As
mentioned in document [4], «it is sometimes necessary to call an unknown vessel, e.g.: The
vessel next to ... buoy, this is ..., what are your intentions?» and «any DSC call, however simple
it would be, would require more time than picking up the handset and making a call on
radiotelephony».

Consequently, DSC is not suitable for quick operational communication with chosen
vessel and needs to be modified. In any case, using or neglecting of DSC, VHF radiotelephony
has a drawback apparent in the lack of prompt, clear and reliable identification of the
called/calling vessel.

Overcoming this drawback is achieved within the framework of the currently used vessel
equipment through the integration of the navigation equipment ECDIS/AIS and DSC controller.
In this case, all of the basic functions of integrated systems are preserved.

The combination of the ECDIS/AIS system with the VHF DSC equipment allows:

— to eliminate just the routine procedure of DSC making while replacing them by a
computer mouse click (or trackball action) on the ECDIS vessel’s AIS mark and then a DSC call
to chosen vessel is produced at once automatically;

— to provide the identification of a calling vessel on the electronic chart and thus to
make immediately the process of attachment of the calling vessel to the navigation situation
automatically. A calling vessel can be indicated on the display by a blinking mark which will
allow officer of the watch (OOW) of the called vessel to quickly estimate the navigational
situation and make an effective decision; and

—  after that, pick up the handset and conduct an address radiotelephone communication
and not waste any time on verbal identification of communicating vessels.
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Another words the discussed integration allows excluding the manual routine of the first
stage and exchange it by intuitively understandable «click-to-talk» operation on ECDIS monitor.
This approach releases an OOW who is not professional radio specialist from keeping in mind
and entering MMSI and other features of DSC message. All necessary operations for DSC
forming are executed automatically.

Integration of the ECDIS/AIS and VHEF/DSC requires no changes to the existing
radiocommunication operational procedures (If necessary all components of integrated system
may be used separately in regularly regimes). What is essential is that the present manual method
of making/viewing calls will be preserved as a supplementary means to the automatic method of
making calls in the ECDIS. Only two additional functions for ECDIS are needed to
be implemented:

1) providing the DSC automatically directly from ECDIS. The parameters, for example,
the working channel number, can be set by default (or can be chosen manually if necessary using
standard computer actions). The entering of the MMSI is not required at all because AIS data
already have it and MMSI can be sent to the DSC controller automatically; and

2) displaying the calling vessel by blinking AIS mark on called vessel’s ECDIS (and red-
blinking mark in the case of distress call).

The above mentioned functions were software-based implemented as presented in fig. 1.
An innovative ECDIS functions are realised in the dot lined modules. Standard ECDIS
comprises Processing block with Electronic chart storage block, Monitor and external
information transducers: Radar, AIS, GPS receiver, Log and Gyrocompass. In a case of DSC call
OOW should only select the vessel to which he intend communicate. It is not necessary to look
for MMSI of the called vessel because it already known from AIS information. All necessary
operations for calling message assembling are provided in the DSC message forming module.
Calling sequence is directed through the Output information port to the external DSC controller.
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Figure 1 — Block scheme of ECDIS with DSC interaction function

The second new ECDIS function supports information received from DSC controller. In
a case of getting relevant to own vessel DSC call the received sequence is directed through Input
information port to DSC message processing module. Comparing MMSI from DSC controller
with AIS target MMSI makes possible to mark the calling vessel among another ships. OOW is
able to estimate immediately the current navigational situation not wasting any time on the
properly DSC actions. After acknowledge, if necessary, again by clicking the AIS mark of the
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calling vessel operator can start voice communication. It is essentially that addressed and clearly
understood recipient side communication is guaranteed without additional explanations.

The involved tools and achieved new qualities in making addressed communication using
ECDIS as interface for the communication means allow to name this type of communication as
COMEC (Communication on the base of Electronic Chart). The proposed method was protected
by national patents of Ukraine [7, 8] and patented in Germany [9].

Simulated navigation environment is presented in fig. 2. In this figure is given print
screen for m/v Minerva Maya ECDIS on the first step, when she is calling to m/v Seascout. For
Minerva Maya the vessel Seascout presents a potential risk. Therefore the vessel Minerva Maya
must call just vessel Seascout to coordinate maneuver. Routine for Minerva Maya navigator
consists in clicking Seascout AIS-mark, selection/default working channel in the menu and
finally approving the DSC transmission. DSC format forming is produced automatically and any
actions to DSC number identification at that are not necessary. All actions are executed quickly
using standard computer methods which are not connected to DSC unit key boards of different
manufactures.

In the fig. 2 ECDIS print screen at m/v Seascout is shown. AIS-mark of vessel Minerva
Maya is blinking, pointing that it is the calling vessel. Seascout OOW is able to simultaneous
estimation of navigation situation and acknowledge to calling vessel. After that vessel Minerva
Maya begins an addressed communication without wasting time for ship’s identification.

An additional automatic identification of radiotelephone transmissions in the frame of
COMEC gives us one more aspect of the discussed integration. Al of radiotelephone
transmissions on ECDIS is a developing of COMEC. Al on the base of «audio watermarksy is
analysed in [6]. Al have to provide identification data of currently transmitting vessel in the form
of Maritime Mobile Service Identity (MMSI) or/and ship’s name/call sign. These data have to be
passed from VHF equipment with Al function to ECDIS. Then the detected identification data
should be compared with AIS target information and the transmitting vessel might be singled out
among other vessels by special mark. This question is discussed below.

Implementation of the design ECDIS demands for additional hardware interface between
ECDIS station and DSC controller. This interface should be chosen from maritime interfaces of
instrumental level. There are two suitable candidates: NMEA 0183 (National Marine Electronics
Association) ant its international version IEC 61162-1/2 and NMEA 2000 (IEC 61162-3)
[10, 11]. Presently NMEA 0183 is widely used for interconnection of various maritime
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Figure 2 — Simulated navigation environment in COMEC system:
a) view from m/v Minerva Maya: m/v Minerva Maya is making individual DSC call to m/v Seascout
b) view from m/v Seascout: Marking of the calling vessel at m/v Seascout
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navigational tools, but according to its characteristics it is not quite suitable for up-to-date
information exchange on the bridge in real time mode. and is the most important standard for
ship instruments interconnection.

The next generation of maritime interfaces is NMEA 2000. Today it is widely
implemented mainly on the small and pleasure vessels where it combines not only navigational
means but also transducers of propulsive system and ship’s automatic machinery. Comparative
interface characteristics are given in the tab. 1.

Table 1 — Comparative interface NMEA 0183/2000 characteristics

NMEA 0183 NMEA 2000
Rate 4.8 kbit/sec (38.4 kbit/sec for version .
NMEA 0183HS) Rate 250 kbit/sec (on general bus length 200 m)
Qne directional, one talker and several (up to 10) Bidirectional
listeners

Only uniform waterproof connectors in maritime

There is no any special demands to connectors N
realization

Needs for additional activation on a program

level Implements plug-and-play function

Point-to-point implementation. Needs for
numerous cable interconnections between
installations, especially for backup

Use the general bus (backbone) for switching all
instruments, that minimizes the connectors number

In the NMEA 0183 interface data transmission is realized by means transferring an
information packets named as sentences. There are 4 sentences that officially approve for DSC
utilization:

DSC — Digital Selective Calling Information,
DSE — Expanded Digital Selective Calling,
DSI — DSC Transponder Initialize,

DSR — DSC Transponder Response.

Analysis of these sentences makes possible to resume that they contain all necessary
information for bidirectional interaction between ECDIS and DSC controller. Therefore NMEA
0183 standard is fully suitable for our application. Unfortunately the NMEA 2000 standard is
publically closed and arguments on its application are not possible. In general coming from
Table 1 comparison the preference should be given to NMEA 2000.

In the designed ECDIS all information related to DSC interaction is presented in separate
graphical layer. As it is well known ECDIS operates with vector formats of graphical
presentation. Therefore not obligatory kinds of visual information (inscriptions, AIS marks, radar
image, etc) may be switched on/off. To be correct according to the ECDIS performance
standards information available for displaying during route planning and route monitoring should
be subdivided into the following three categories, Display Base, Standard Display and All Other
Information. It is proposed to present all information relevant to DSC in the separate layer and
display AIS vessel’s targets by blinking figure.

Standard pictures for displaying AIS targets are shown in fig. 3. The next symbols are
shown:

a) sleeping AIS target;

b) activated AIS target The COG/SOG vector should be displayed as dashed line
starting at the centroid of the triangle The heading should be displayed as solid line of fixed
length starting at the apex of the triangle;

c) a flag on the heading indicates a turn;

d) selected target. A square indicated by its corners should be drawn around the target
symbol;

e) dangerous target. A bold line clearly distinguishable from the standard lines should
be used to draw the symbol,

f) lost target.
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Figure 3 — Symbols for displaying AIS targets (SN/Circ.217 11 July 2001)

In our case the target that is calling by means DSC on channel 70 should be marked with
blinking triangular AIS target. In the case of distress when the priority the AIS target should be
coloured by red. In all other situations AIS targets are shown green as foreseen by ECDIS
performance standards. Officer of the watch when received the call is able immediately estimate
the navigational environment on ECDIS display, look through the containing in the DSC
information and acknowledge if necessary the call again by means of trackball actions. The
shouldn’t turn his attention from watching navigation situation to DSC control panel and not
wasting any time to the properly communication task but focusing entirely on navigation task. In
this relation computer actions trackball are more intuitive understood rather than the manual
operations with DSC controllers. Various control panels by different manufactures only
complicate the situation.

After acknowledgement the blinking is stopped and navigator officer is able to
communicate by radiotelephony again not wasting any time clarifying on what vessel he is
addressing to.

Conclusions and perspectives for further studies. An experimental hardware-software
complex VHF/DSC — ECDIS/AIS is worked out to implement the new function of ECDIS for
clearly addressed and smart radiotelephone communication with DSC as directed in the GMDSS.
The complex includes standard VHF/DSC controller RM-2042, AIS transponder MT3, specially
designed software to customize ECDIS functionality for remote DSC controlling and
bidirectional unconventional hardware interface for linking DSC controller and ECDIS personal
computer. The necessity of this interface is caused by the absence of standard interfacing like
NMEA for interaction with ECDIS. This interface doesn’t need any invasions into hard and soft
wares of the DSC modem. The main idea of the interface is based on electronic emulation of key
board and signal decoding from liquid crystal display (LCD) matrix. If the DSC controller
supports NMEA DSC sentences, then need to project additional hardware for interfacing is not
necessary. But the software according Figure 1 for ECDIS — DSC interconnection is necessary in
any way.

The experiments has demonstrated the full operability of the newly proposed ECDIS
click-to-talk function. The proposed function doesn’t have action upon another ECDIS functions
and operations of DSC controller in standard regime. DSC overlaying function may be switched
off, and DSC controller may be manually operated. All operational procedures are contained in
the full scope, because the DSC sequence is forming automatically without any delay as in
manual manner.

The proposed ECNIS function is especially effective for application in Vessel Traffic
Systems (VTS) and Maritime Rescue-Coordination Centres (MRCC). VTS and MRCC operator
is capable operating VHF communication as promptly possible from one ECDIS operator place.
He is able to make situational analysis of navigational environment considering real time DSC
activity in the area. Besides the coast infrastructure is not so strictly limited by IMO regulations
as shipboard equipment. The functionality of VTS and MRCC doesn’t depend upon vessel’s
ECDIS modernization.
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The new ECDIS function is in full harmony with IMO strategic plan on e-navigation
implementation because it responds to system integration principle and is compatible with
standard installation without this function.
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KomeBoii B.M., Illnmkun A.B. HOBAS ®VHKIIMS SKHUC )1 BBICTPOI YKB PAIMOCBSI3U
B nacmoswee epems 91eKmpoHHAs Kapmozpaguueckas HAGULAYUOHHAS U UHDOPMAYUOHHAS CUCEeMd
(OKHHUC) nosmanno ycmanasiusaemcs Ha 6ce MOpCKue mopeosvie cyoa. brnazodapsi nooxkmouenuio K Heti
paziuunslx  Hasueayuonuvlx oamuuxos DKHUC sensiemcst adiCHeluuM HABUSAYUOHHBIM CPEOCMBEOM
cospemennozo cyoosodcoenus. JManvueuwas unmeepayus OKHUC ¢ annapamypoii yivmpakopo-
mK06011060u (YKB) paouocesnsu no3eosiem noguicums dQh@ekmusHoCcms U ONepamueHoCis paduocesisu 8
Yensix NOGbIUEHUSI HABULAYUOHHOU 6e30NaACHOCTIU.

Lenvro nacmosuwyeil pabomul seisemcesi paspabomka noeou Gyuxyuu IKHUC, komopas obecneuwusaem
83aumooeticmsue ¢ KOHMpPOLLEPOM Yudposozo uzbupamenvrozo evizoséa (LIUB) VKB paduocsszu.

s peanuzayuu oannou @gyuxyuu 6 IKHHUC npeonosiceno sgecmu moodyau gopmuposanus u 0opabomxu
coobwenutl L[UB, modynb mapkupoexu yeaei agmomamuiecko uoenmuguxayuonnou cucmemol (AUC), a
Makaice 6X00HOIU U 8bIXOOHOU UHPOPMAYUOHHBLE NOPMBL, YEPE3 KOMOPbIe OCYUECMBIInemcss NOOKIIOYeHUe
Kk koumponnepy L[UB.

Ipoananuszuposanvr npeumywecmea, noayyaemvie 3a cyem peanusayuu Hogou @yukyuu IKHUC,
KOmMOopble GbIpadCalomcss 6 YCMpAaHmeHuu pyuyHuiXx onepayuii ¢ koumpoarepom LIUB u 3amene ux
ABMOMAMUYECKUM  (POPMUPOBAHUEM BbI306A, NOBLIUEHUU ONEePAMUBHOCHU AHAIU3A  HABUSAYUOHHOU
cumyayuu npu 0OHOBPEMEHHOM CHUNCEHUU PUCKA (HeN0B8eYeCKO20 (Parmopay.
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B cmamve maxoice paccmompenvl 603MOiCHbIE MOPCKUE unmepeticvl 05l NOOKIIOYEHUs. KOHMpPOoLiepd
LIUB, cumsonst onsi omodpaxcenuss AUC-yeneil u npednodxicena ux mapruposka 6 ciyuae akmusayuu L[UB
C PA3IUYHBIMU RPUOPUMEMAaMU PAOUOCESI3U.

Kniouesvle crosa: anexmponnas rapmozpaguueckas HAGUSAYUOHHASL U UHDOPMAYUOHHAS CUCTeMa,
Yupposoll uzbuUpamenbHbILlL 8b1308, AGMOMATNUYECKASE UOEHMUDUKAYUOHHASL CUCTEMA, PAOUOCES3b.

Komermnii B.M., IIumxkia O.B. HOBA ®YHKIIIS EKHIC JIJIA IHIBUAKOI'O VKX PAAIO3B’SI3KY
Cvo0200Hi enexmponna xapmoepagiuna nasicayitina U iH@opmayiuna cucmema (EKHIC) noemanno
B6CMAHOBIIOEMbCSL HA YCL MOPCHKI MOPEOBEbHE CYOHA. 380K NIOKTOYEHHIO 00 Hel PISHUX HABLAYIUHUX
oamuuxie EKHIC € nausadxciusivtum Hasieayitihum 3acobom cyuacHoz2o cyononnascmea. Ilooanvuia
inmezpayis EKHIC 3 anapamyporo yrempakopomkoxsuibosoeo (YKX) padioss’ssky 0o3sonsne niosuugumu
eghexmueHicms [ onepamueHicms padios3s 3Ky 6 YLISAX NIOSUUeHHsl HAGI2ayiiHOl Oe3neKu.

Memoro danoi pobomu € pospodka noeoi @yuxyii EKHIC, sika 3abe3neuye 63aeM00il0 3 KOHMPOIEPOM
yugposoeo subipkosoeo euxauxy (LIBB) YKX padiose’sasky.

s peanizayii oanoi @ynxyii ¢ EKHIC 3anpononosano esecmu mooyai ¢hopmyeanHs i o06poOKu
nosioomnensv I[[BB, mo0yne mapkysanns yinei asmomamuunoi ioenmugirxayiinoi cucmemu (AIC), a
Maxoxc 6XIOHULL | BUXIOHUL THGOpMAYItiHI nopmu, yepes3 KL 30IUCHIOEMbCSL NIOKTIOYEHHs. 00 KOHMPOAepy
L{BB.

Ilpoananizoeani nepeeazu, wo ompumyrOomvcs 3a paxyHok peanizayii Hoeoi ¢ynkyii EKHIC, sxi
BUABTISIOMbCSL 8 YCYHEHHI PYYHUX onepayitl 3 Konmponepom L{BB i samini ix aemomamuunum ghopmysannsm
BUKIUKY, NIOBUUCHHI ONEePAMUBHOCII AHANI3Y HABL2AYIUHOL cumyayii npu 00HOYACHOMY 3HUNCEHHI PUSUKY
«IHOOCLKO20 PaKmopy».

B cmammi maxooic posensmymi moodicausi mopcoki inmepgeticu 0 nioxkmouenHs kowmponepa L[BB,
cumeonu 0ns sidobpadcenns AIC-yineil i 3anpononosano ixue mapkyeéawHs y pasi akmueayii I[[BB 3
Pi3HUMU npiopumemamu padio3e si3Ky.

Kmiouosi cnosa: enexmponna kapmoepaghiuna Hasieayitina i iHghopmayitma cucmema, yugpposutl
BUOIPKOBULL GUKTIUK, ABMOMAMUYHA i0enmugikayitina cucmema, paoiose si3oK
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