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SYNOPSIS:
This paper gives an overview of the main topics in MITS
"Maritime Information Technology Standard". MITS is an open
standard for integrated ship c ontrol systems. It is being
developed by Norwegian industry i n cooperation with users,
governmental agencies, and research institutions. The goal of
MITS is to enable the users of maritime control systems to
utilize the potential of open systems .
MITS i s based closely on established standards for open network
communication and man-machine i nt erfaces, main l y from the field
of industrial and office automat i on. Deviations are necessary
however, to adapt it to ship control environments and to avoid
unnecessary overheads.
Four topics are discussed:
Section 2 outlines the MITS network communication software,
d escri b i ng
the
servi c e s
offered
to
application
programmers as a communicat i on l i bra ry .
Section 3 d i scuss network messag e i nterpr e t a tion
(compani on
s tandard), d efin i ng the mean i ng o f the messages on the
network i n technical terms.
Section 4 describe man-machi ne i nt e r f aces, i n the form
recommended s tyle guide f or g raphic s creens.

of

a

Section 5 d i scu ss the f u t u r e ma n agemen t of MITS , t h e work n eeded
have it a cce pted a s a n i n t e rn ation al s tan dard
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l. IN'l'RODOC'l'ION
Many new vessels now being launched are built to meet new
standards of technology, involving data networks, extensive use
of graphic screens etc. The object is ~o reduce costs of
operation, retaining or even increasing vessel safety margins.
Administrative systems put on board these vessels are generally
made to standards common in to days office automation; Open
systems interfaced via a standard network and offering
conceptually identical user interfaces. This situation is not yet
applicable to vessel control systems. Thus, on many vessels
having control systems from different vendors, integration of
these systems is more expensive than necessary. Also their user
interfaces use different approaches, so that operational safety
margins are lower than necessary, especially with ultra-low
manning levels.
A common standard covering these items is necessary for
manufacturers of such systems, in order to be able to improve
this situation .
The MITS (Maritime Information Technology Standard) project was
launched by Norwegian industry and governmental agencies to
develop this common ground. The project started in 1991 and will
continue through out 1993. The objective of the project was to
develop the specifications for the next generation integrated
ship control system:
-

Detailed functional and technical requirements
system architecture and communication
Man-Machine Interface (MMI)
Decision Support (OS)

The specification work has been followed by the development of a
generic communication library that implements the communication
standard.
SINTEF Automatic Control has been "executing partner" for most of
the research and development work. The work has been done in
close cooperation with Autronica A/S, Det Norske Veritas
Classification, Norcontrol Automation A/S, Robertson Tritech A/S,
and SIMRAD Albatross A/S.
By 1. january 19 9 3 , the group have been extended by the four
companies Moland Automation A/S, Seatex A/S, Maritime Software
A/S and Wartsila Wichmann Diesel A/S, making a total of nine
companies involved at present.
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The work on MITS has been executed as indicated in Figure 1 . The
basic idea was to achieve an open standard for integrated ship
control systems. Technical and functional requirements were
produced and these indicated that work was needed in the areas of
communication, common MMI, and in advanced user support, e.g.,
decision support systems. It was found that decision support had
to be seen in the context of its application and that we would
concentrate on the more general aspects of integration, namely
communication and a common MMI. This will result in three main
.products:
1

The communication library is a generic and highly
portable
implementation of
the MITS
communication
protocols. It gives the applications an easy way to
exchange general data.

2

The MITS Companion Standard (MCS) specifies how different
applications
use
MITS
to
exchange
their
application-specific data. This will typically specify
how a position should be read from the network, and how
one should get hold of the position from, e.g., a GPS
receiver.

3

The MITS Style Guide (MSG) spe.cifies how the MITS
applications should create their interface to the
operator. The MSG is a tool to minimize problems when the
operator changes between several vendors consoles.

The following sections will add some detail to the description of
the three components of MITS and they will also try to show how
MITS will be made available to prospective users.
2. THE COMMUNICATION LIBRARY
2.1 Logical Model
The main purpose of the communication library is to define a
simple interface between an application program and the MITS
network. One possible model of this interface is shown in Figure
2.
A module in the MITS system architecture is called a MITS
Application Unit (MAU). A MAU contains one relatively independent
piece of the complete system , e.g., a conning display, a radar
unit, or an electronic chart device. The MAU will generally
consist of the application program itself and a MITS interface
package. The latter is the MITS Application Interface (MAPI)
which is one part of the communication library.
Each MAU can offer some data to the MITS network by accepting
connections on one or more data entries. Each entry is called a
MITS Connection Point (MCP) . The collection of all MCPs from all
MAUs on a network defines a distributed database. Each MAU can
connect to any MCP entered in the database. ·The MAPI has special
calls for connecting to an MCP and for transferring data back and
fo rth between the MCP a nd the local MAU.
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There are a few important point to keep in mind when considering
this model:
1

Under the database model is a client-server model. The
MAU that accepts connections on an MCP is a server for
that MCP. The MAU that connects to an MCP is a client.

2

The server is "hidden" to the client. The client sees a
flat database that offer a selection of data entries that
can be read or written to in a simple and general manner.
The database interface is the MAPI.

3

Other parts of the communication library take care of
sending messages back and forth between server and
clients. This allows complex network topologies with
different physical media and different protocols to be
integrated into one logical database.

4

Consistency in the database is guaranteed since the
server MAU is the one and only that has control of its
accept-type data-entries.

5

MITS supports automatic configuration. Any MAU can at any
time add new MCPs to the database. The database will be
filled incrementally. Unresolved connect-requests from
one MAU may be held pending until another MAU adds that
MCP to the database.

The database model requires that the programmer decouples the
database from the local MAU. He has to define for himself what
data he requires from the database and what data he wants to
offer to the database. These data entities will define the
interface between the MAU and MITS. The coding of the MAU has to
be done as if the interface already was established.
The system integrator must pick a set of MAUs that satisfies his
requirements to overall functionality in the system. He must also
make sure that all expectations from all MAUs regarding what data
is available from the database are met, i.e., he has to "fill"
the database .
The intention of the MITS Companion Standard is to help the
programmer and the system integrator in the above tasks by
defining what can be expected from the database. We will come
back to this in a later section.
2.2 Physical implementation
We have mentioned that the MAPI is one part of the communication
library. The complete library is shown in Figure 3 as the heavily
shaded rectangles .
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The components are:
MAPI

MITS Application Interface.
Takes care of direct
interface with MAU. The MAPI maintains a point to point
interface with the LNA.

LNA

Local Network Administration. Takes care of multiplexing
and demul tiplexing traffic between local MAU and the
distributed database, i.e., the server MAUs. There may be
many MAUs for each LNA.

CNA

Communication Node for Administration. Takes care of the
conversion from symbolic MCP name to a proper MAU and
data item address. There is always one CNA for each LNA.

NWI

Network
Interface .
A
reliable
stream-oriented
communication service, e.g., TCP/IP or equivalent ISO/OSI
service. The same NWI is typically used by both the CNA,
LNA, and if applicable, by the MAU. ·

Figure 3 does also show how other types of network traffic may
coexist with the MITS traffic. Of particular importance is the
ability to use the X protocol as a means to achieve distributed
MMI.

An important point in the architecture is the decoupling of the
MAPI, e.g . , the MAU, from the LNA . We have defined the MAPI
functionality so that it only needs a simple point-to-point
connection to its LNA . Most of the complexity of the network
interface is in the LNA, leaving the MAP! to take care of
relatively simple operations . This means, e . g., that a MAU can be
implemented in a
simple single-chip micro-processor and
communicate with its LNA via a serial line . The LNA may be
serving many simple MAUS. This principle is of importance when
one wants to interface low-cost units to MITS and may in fact
make MITS an alternative to, e.g., NMEA 0183 (NMEA 1992).
We will not go into more detail on the implementation of the MITS
communication library. More information can be found in (R0dseth
1993). One should note that the architecture has changed slightly
since we first published it (R0dseth 1992) .·
2.3 Relationship to ISO/OSI

The International standards Organization (ISO) has defined an 7
layer Open System Interconnection (OSI) model that makes
interconnection between different systems easier (Rose 1990}. The
main point of the OS! model is that communication protocols can
be divided into layers with different services on each layer. By
doing this it is in principle possible to interface systems on
different communication levels dependent on the communication
system being used. ISO/OSI do also define what services are
performed on each level and specify which ISO standards give what
service. Figure 4 shows the ISO/OSI model and how MITS maps onto
that.
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The current version of MITS uses the Transmission control
Protocol/Internet Protocol (TCP/IP) as its means for moving data
from one LNA to another (transport layer) . We have developed our
own protocol for the services up to the application layer.
The reason why we have not used ISO protocols are many:
1

ISO protocol implementations are likely to be much more
expensive
and
not
particularly widely
available.
Virtually any type of UNIX computer (and most other
computers too) offer one or more implementations of
TCP/IP. The implementations are low cost,
or not
uncommonly free.

2

The ISO top-level protocol that best correspond to MITS
is the Manufacturing Message Specification (MMS) . It is
relatively heavy-weight because it tries to solve many
general problems that are of little interest in our
context (ISO 1990). We have chosen to develop a lighter
protocol more dedicated to our application area, i.e.,
ship automation.

3

The architectural decoupling of MAU and LNA would have
been difficult to implement in MMS. our opinion is that
the MITS approach gives more flexibility than MMS,
particularly for low-cost systems.

4

Our transport layer interface (TCP /IP) can easily be
changed to a corresponding ISO protocol if the need
arises . This means we can run MITS in an ISO environment
if required.

5

Our application level interface (MAPI) is based on the
service
definition of MMS. It should not be too
difficult to move a MITS
application to a full ISO
environment if required.

6

The bottom line is that ISO is unsuitable for MITS today,
but we can change to ISO if the need arises.

Figure 4 shows an eight layer in addition to the normal 7 in the
ISO/OSI model. This layer represents the interpretation of data
passed between communicating entities. This layer is handled by
the MITS Companion standard. Companion standards for MMS in the
process industry is being worked at by the ISA SP72 working
committee .
3. MITS COMPANION STANDARD

The application layer shown in Figure 4 represents the main
purpose of the MITS network. It makes sure that all MAUs have a
standardized way to exchange data. It does not, however, specify
how the MAUs interpret the data, e.g., if a floating point number
is a temperature or a heading or if a temperature is from the
exhaust pipe or from a storage room. These problems are addressed
by the MITS Companion standard (MCS).
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in MITS is data oriented . communication between MAUs
of reading and writing selected data entries. This means
companion standard has to specify how to interpret the
of a data entry, the side-effects of reading or writing
entry, and how to initially find the data entry in the
database .

Figure 5 gives an overview of the different parts of MCS as it
looks today. The definition of the MCS is still in progress and
we expect some changes in the final result.
The bottom level of the MCS consists of standards defined by the
MITS protocol. These standards are "hardwired" in the protocol
specification and the software implementation. The standards
defined here are typically how raw numbers are transferred on the
net, how such data are accessed, and how MCP names look.
The next layer, which is the first layer ih the actual companion
standard defines conventions for how the underlying MITS rules
should be used. These are mainly naming conventions which defines
how different MCP names are constructed and format conventions
which defines what kind of structuring one can put on data
entries, e.g., arrays and records.
The next level in the companion standard is the definition of
physical data representation. This level will describe each
physical data type (e.g., temperature, speed, position) and try
to generalize the description with respect to representation,
range, uncertainty, linearity and other relevant attributes.
The last level in the MCS defines generic function blocks.
Possible examples of function blocks are water temperature
sensor, hydraulic valve controller, GPS-recei ver, ECDIS-uni t, and
so on. Each function block performs one distinct task. It has a
number of inputs and outputs which defines its interface to other
function blocks. Each of the inputs and outputs is one physical
data-entity as defined on the previous level.
The function block is the building block for defining the MAUs
function and interfaces. Each MAU will consist of one or more
function blocks. The MAU's vendor will have to produce a MAU
Specification Document (MSD) that specifies which function blocks
the MAU implements together with any other non-MCS compliant
functions and interfaces. The MSD will have a physical
realization as a MITS Application Unit.
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GUIDE

Modern man-machine interfaces make extensive use of complex
graphics and input devices. The MITS prorj ect is targeted at
vendor-independent system integration and, hence, has to consider
the implications of having different vendors' consoles located
close to each other. This can cause several problems:
1

A serious problem is that different MMI-principles can
cause
operator-confusion. This is a safety problem
today. We need to define some common standards for the
look and feel in integrated
control systems. It is
probable that future classification-rules will demand
that integrated systems have some degree of coherence in
the MMI.

2

Network-based systems gives the potential for controlling
one vendor's
application from another vendor's operator
station. This means we need a minimum set of facilities
on operator stations for other vendors' control programs.
These facilities include keyboard, pointing devices, and
graphic capabilities.

3

New standards for MMI, e.g., MS-Windows and OSF/Motif,
give new
opportunities to the designers of MMI.
Integrated and more complex control systems demand better
MMI. It is necessary to evaluate how the designer should
use the new possibilities to lower the perceived
complexity of the system.

This means that MITS had to define a "least common denominator"
for the construction of MMI in a MITS framework. This has been
achieved by extracting elements from the Motif style guide and
collecting this in the MITS style guide. These elements are also
compatible with graphic elements available in MS-Windows.
We will not go into the particulars . of the MITS Style Guide in
this report. We will just mention some of the guiding principles
that were used in the development of the style guide :
1

Purpose:
The style guide should ensure simple, consistent, and efficient
operation of different applications within the MITS framework.
consistency in the operation should reduce the probability of
human errors and facilitate integration and utilization of the
distributed environment provided by the MITS architecture.
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General versus application specific guide lines:
The scope of the MITS Style Guide (MSG) is to provide a minimum
set of similarity in appearance and operation between different
applications. The MSG does not intend to give guide-lines for
application-specific parts of a given MMI. MSG Covers:

3

a

The operation of a
device.

minimum set of keys

b

Traversing between windows and components.

c

Selection and activation of components.

d

The lay out of some basic components.

and

a

pointing

Implementation:
MSG does not define a specific implementation or application
program interface (API). The application programmer is free to
use- any software for developing the graphic user interface
{GUI) as long as the look and feel conforms with MSG.

4

Current standards:
MSG is strongly influenced by the OSF/Motif Style Guide, but
MSG is generally less comprehensive. MSG applies to maritime
applications involving monitoring and activation of critical
and safety related equipment. It has some extensions to ensure
satisfactory operation of critical operations. Conformance with
MSG does not necessarily ensure conformance with the OSF/Motif
style guide. One should note that the MS-Windows look and feel
is very similar to the specifications in the Motif style guide
and, thus, that Windows is very appropriate as a design tool
for MITS applications.

5 • '1'HB MAMAGBMBMT OP MITS

The MITS project are now run by the main maritime system
companies in Norway. These companies are doing business worldwide and do therefore need a standard of this nature which can be
accepted by the other contenders in this field, internationally.
Thus, ultimate goal for the MITS project is to establish MITS as
an open, international standard for integrated ship control
systems. This means that no vendor should take responsibility for
the maintenance and further development of the system. on the
other hand, MITS will be available to anyone that wants to use it
and which is willing to take his share in the maintenance work.
A central problem in this concept is how to manage the further
development and the general use of the 11 deliverables 11 • The MITS
concept differs from many other standardization approaches, as it
does offer written standards as well as gerieric software.
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A combination off the following principles for the management of
MITS will probably be applied:
1

A Secretariat with one or two employees that take care of
the daily management of the MITS standard. This includes
answering enquiries, doing promotional work, administration
of further development etc.

2

Work groups with members from the different companies that
use MITS. The work groups will do the practical work of
correcting and updating the standard. They will also
participate in international standardization bodies if this
is required.

3

A membership fee. All users of MITS that want to receive
updates to the standards and the software will have to pay
a yearly fee. There will probably not be any run-time
licence fee on the software. The users of MITS may be
required to pay a one-time fee for access to the software .
The payment received will be used to pay the secretariat and
other expenses in the work groups etc.

4

Service fees. The secretariat will be able to deliver
services to the members. Some services will be free, other
may have a price-tag.

It is important to keep in mind that the usefulness of MITS is at
least partly dependent on the quality of the services of the
secretariat. This costs money.
The secretariat will probably be established in the 3rd quarter
of 1993. An invitation to other companies than the 9 currently
involved will be sent forth around December 1993.
6. CONCLOSIONS

MITS is an open standard for integrated ship control where more
emphasis is being put on practical solutions than one strict
adherence to standards. This means we have deviated from the ISO
path, but we have tried to maintain functional compatibility with
similar ISO and IEC protocols, e.g, MMS, OSI, and Fieldbus.
currently there are nine Norwegian companies committed to MITS.
Among these are the leading manufacturers in Norway of ship
control equipment. This, in itself, ensures a good platform for
MITS and lends a high credibility to its future success.
7 • ACXN01fLEDGMEN'I'S

This
project
is
a
part of
the Norwegian Maritime
IT
programme,covering many aspects of future ship automation. The
work has been sponsored by NTNF (The Norwegian Council for
Scientific and Industrial Research) as well as the Norwegian Ship
Automation Companies SIMRAD ALBATROSS A/ S, ROBERTSON TRITECH A/ S,
AUTRONICA A/ S and NORCONTROL AUTOMATION A/ S. Personnel from these
companies as well as from Det norske VERITAS has actively taken
part in the project group. The main research partner of the
project has been SINTEF Automatic Control of Trondheirn, Norway.
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