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Abstract

Scientific research vessels operating at

sea collect a variety of oceanographic
data such as bathymetric, magnetic,
gravity, ‘pavigational, acdustic,
metenrological and data related to the
" physical . chemical and. biological
properties of the oceans. The technology
of shipbnard data acqguisition from

various @&quipment on board scientific re-~
search vessels has been progressively im-
praving with advances in microelectronics
and computer pechnology.

This paper, first briefly describes the
evolution: of darta acquisition techniques
and different system implementations, on
hnard research vessels. A data
syYstem being developed for a Coascil Ra-
search Vessel 1is théen described which is
bassd on IBM PC compatibles.
are located 'in different laboratories and
are dedicated to data collection from one
or more instruments., They are inteqgrared
by . a 1loecal area network: for real time
sharing and integration of data. Tha spe-
cial  requirements of a local area nerwork
far ship board data collection are dis-
cussed in this application.

Introduction

Early research vessels ,in India did not
have contemporary facilities for

tion in the area of data.collection. As a
result a lot of effort went into develop-
ing indigenous data loggers for  specific

applications such as ,meteorological {1},
physical [2] and geological data (3]. A
system for ship-to-shore data transmission
via satellite was also developad {4].

The newer research vessels launched in the
eighties had ‘full-fledged facilities for
acquisition and processing af data.
Oceanographic  research vessel (ORV) Sagar
Kanya, launched in 1883, for instance can-
tained three minicomputers (HP-1000)  ane
for integrated navigation, another for
weather radar processing and a third for
post . processing of data. There were also
several desk-top  computers  (HP-9845) to
collect a variety of data. ‘

The experience gained with new ships and
in~house developnent. #Eforts, havas
the design of an Incegrared Data Acquisi-
tion System (IDAS) that will bha fasy

to  maincain - and  -expand depending on
.snphlstxc«txon required or tho cnmplaxlty

_of data acquxsxtion.w :

Goa,

"haard use and netwark
-thar have formed the basis of the IDAS are

acquisition

The computers

- use in real time’

auvtomna-:

x Usaers

Performance of PC's in

" The majar drawbacks of PC's,
1d o .

“inabiliry
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The IDAS will be implemented. using per-
sonal caomputers in a network “environment.
Parsonal computers because
cOSst

concurrent data
acquisition
panded ‘to

acconmodate computer nodes,

when data acqu1sxt10n and processing nodes

demands it.

-

“This advantagas of using personal computers

and their use in a distributed system, the

processing and ‘display.“
Horeover network systems can be easily ex~. '

spacial requirements of networks for ship-

software standards

discussed in this paper. The design
aspects of the IDAS including interfaces, .
software 4nd data integration - are

presented later.
Personal Computers

The PDP series from Digital Equipment Cor-~
poration and minis and desk top compuce;s
trom Hewlett Packard have - been popular
systems on board Recently, however,
trend has heen to use IBM PC  compatiblus.
Inspite of their
applications,
preferred for the following reasons.
* Universally available hardware

spares at low cost tac111:@ting easy,
maintenance.

are not tied up to a single.
manufacturer for system upgrade, serv1ce‘
or for appl1cat10n support.

N . l

= The large software hase and a varlaty of -

the -

inherent drawbacks for .
PC's are

and. :

add-on  hardware  modules ease the’
development. of new applications:.
* Wall decumented, well known and ‘open

architecture allows a. system designer to
build special interfaces with ease.

terms
memory and  staorage - have increased  many:
fald and still continue to improve ulthout

effecring compdt1h111ty. : St T
S

for real time

have been its I/0 bus,  in-
support multiprocuessing and.
linited interrupt . inputs and
to handle nested  incerrupts.-
Thesa drawbacks are often overlooked . wheng
Viewed agaxnst their real beneflts.

applicaciaus,
abilivy - to
mulricasking,

A

of their low

and = universal availability are easy
‘to maintain. The PCs in a network environ-

- ment. further facilitates

of speed, |



Disétibuted System

The distributed nature of equipments on
board a research vessel naturally dictates
a configuration of distributed processing
centers servicing a group of one or more
ship-borne equipment. However different
equipment need to share data with other
equipment such as positional informarinn,
speed and heading and bathymetry. The dis-
tributed processing centers need to he in-
terconnected. A most simple ( and widely
used) method of interconnecting dis-
tributed  computers is via a serial RS-212
link. The scope of RS=212 link is howieveer
limitesd by choir maximunm transmission
speed of 9600 baud. Another tachnique is
to use a high speed parallel bus. Such
buses however cannot drive signals beyond
a few feer, such as the TIEEE-483 GPIB,
and are not suited for interconnecring
distributed systems.

Wicth the advent of 1local 4area networks
which emerged in recent years, transmis-
sion speeds in excess of 10 Mhit/sec are
possible and they'have become the ideal
choica for interconnecting distribuctued
systems. LAN bas2d systems are easy to
expand unlike systems connected point to
point on RS-232 1links. New systems can
also be added to the network ta share the
data collected in real time. Another ad-
vantage is that data acquired at one neda
can be simultaneously monitored, analyzed
and displayed by one or more nodes in a
disqributed system,

Networks for Shipborne Applications

The use of personal comput#r networks have
increased greatly and they have hecome
srandardized and reliable., The cost of a
FC network controller has heen decrsasing
and presently stands hetwesn 200§ to 800%.
PC networks have become popular because of
their use in office autromation, however
the aspects of networking protocols that
need to be considered for their uss on
ships are discussed here. The media used
in networking PCs and the topology of
their interconnection is also discussed.

There are three different types of net-
works viz. ethernet, token bus and token
ring. Ethernat networks are the oldest and
use -a carrier sense mulciple access
/collision detect (CSMA/CD) technique for
network ctransmission. Etharnet nsatworks
use. statisctical avoidance methods for
transmission, as a result of which in-
creasing number of nodes decreass the
throughput due to inereased collisions. A
wWorst case access time per nonde is not
guaranteed in a standard ethernat natwork
making this rype of network unsuitahle far
real time applications. Presently hawever,
-network controllers with dererministic
concention resolution capabilities such as
‘Intal’s 82590 seem to offsr LuAaranteed
Access features, which may, make ethavrnet

-simultansously.

" In addition to

‘elactrical noise

a suitable
plicarions. .

Token bus and token ring networks on the
other hand use controlled access protocols
and have deterministic worst case access
time per node. Token networks

network type in real time ap-

cally reconfigure themsalves when a node

is switched ON or OFF or if a token is
1ost under any circumstances. -

An axample of a token bus protocol 1is
ARCNET a network manufactured by Standard
Microsystems. ARCNET supports 2.5Mbit/sec.
transmission rats and o maximun of 255
nades.  ‘I'ypical lost tokén recovery for an
ARCNET network varies from 20 to 60 msec
{5]. which ars tolerabls for ship board
nerworking. ARCNET products are well es-
tablished since their introduction in 1$77
apd now support fiber optics media as well
as new software standards. The use of an
ARCHET network for shipboard applications
has beaen addressed by Swift $.G,in 1983
{6] ‘ .

I

Token ring rechnalogy 1is
and has gathered momentum since 198§,
Token ring networks are more suitable
when compared -to a token bus for real time
applications and shipboard use since they

network protocols
aspects such as network media and taopolagy
require spncial attention for shipboard.
usa. Ship board environment produces

arors, motors, arc welding machines and
ather heavy machinery operating in the
vicinity of laboratories. The choice of a

relatively new’

automati=- -

support nodal priorities in addition to
being deterministic and fault tolerant
{7}. The technolagy for 16 Mbit/sec
twisted pair and 125 Wbit/sac fiber -dis-
rrihuted data interface (FDDI) are
gradually becoming available, and stand- -
ards gaverning them are being

evolved '

- aother

associated with gener- .-

suitable network interconnection media .
therefore becomes important. Fiber optic
cahle seems a gnod choice for the tollow-

ing reasons.

* has immunity against electromagnetic and
radio frequency interferences
voltage transients.

* avoids potential problems arising in an
hazardous environment due to ground-
ing and shorting.

* is easy to bhend and route being ligh:
and thin. -ufr

¢ is unaffected by the corrosivéi~‘
effects aof the marine environment.

Having discussed the advantages of fiber
optics network wedia, ws now mention  the

and .high.

physical ropology of interconnecting - BCu, .

Tha two main network interconnection
v ‘.

.



- routing -

methods .are. bus and star topolegy. The
scar topology with centralizad hub is

ferred to a bhus topology as it ‘allows

work expansion and isolation of faulty
‘cables.  Moreover routing of cables from a
centralized hub is easy for a star topol-
ogy network. These characteristics make a
star topology a good choice for use in A
shipborne environment, .

i%oftuare standards

International Standards Organizartion's,
seven layered, Open System Interconnact
model has been the hasiec frame work for
LAH design. JIEEE 802 committee defined
standards  802.3 ,802.4, 802.5 for ether-
net, tokenbus -and, token ring protocols.
These IEEE ' standards have covered the
_hardware aspects viz. netwark protoecol,

transmission bandwidth, topology and media
defined at Layerl and Layer2 of the 0SI
model. . :

The higher level layers of the OSTI model
detine software protocols for application
to network interfaces. Until 1985 stand-
ardization did not ekist on softwara
prococols IBM's NetBIOS program released
in 1985, has now become an industry stand-
ard for program to program communication.

NetBIOS is hardware independent and Het-
BIOS based programs can be. transported he-
tween networks from different vendors
using differant protocnls. A ship board
data acquisition software, for instanca,
writcen for an AKCNET network will be
portable to future systems using a 16Mhz
tokgn ring or FDDI networks. s

of saftware stand-

Bafore the emergence

ards, particularly .NetBTOS, usa of PC
LAN's for shipboard or control applica-
tions had been dlfflcult from an .user's

point of view. The application packages
for® PC HNetworks supported the office and
business environment that usad a disk or
file server for communicarion. NetBIOS has
not only facilitated program to program
. communication but has . also assured the
portability of software betwaen different
networking products.

NetBIOS supports four categories of
ices viz. name, datagram, session and
genaral services. Name services are
responsible for identification or address-
ing of nondes. The datagram and session
services are transport sarvices for com-
munication between  user processes. The
datagram service uses -a connectionless
transport mechanism and doaes not guarantae
delivery of data whereas the session sarv-
dice estahlishes a connection hetwean user
process and guarantees the delivery of
data.

In addirion £o tr«napnrtah1l1ry of - NatRTINS
to differsnt networks, the industry stand-
ard TCP/IP compatible NetBYOS implementa-
ticons have heen demonstratad recently that
support  intzrnet roucing. Intarnetuork
~iilities will allow the ex-—

serv-

T

’nndw communication between ship and

“Modular

change of dara betwean different networks

on ships and shore.
Tntegrated Data Acquisition System

Th~ concepts discussed so far of personal
computer and
hasis aof an
System heing

stitute
search Vassel(CRV) that is shortly to be
acquired. CRV will be a small vessel of 45
meters length and 10 meters breadth. CRV
will have two standard laboratories viz, a
'WET lab® and a 'DRY lab' to collect basic

“Integrated Data Acquisition
developed _at National In-

~oeranaqgraphic data. Provision has also
heen made for two mobile container
labhnratories for the specific disciplines

of the cruise. Figure 1 shows the
schematic diagram of the system consisting
of dedicated PCs interconnected using ©an
ARRCNET network.
IDAS 18
to the small size of the vessel.
showuws a
tions and

that fall into natural clusteras around .
each’ station. Thess clusters are listed

below. : e I

oA

Wet_and Dry Labhs

The " "NAV PC" is a personal compufer that
will collect navigation data from a satel-
lite navigator,

a spred log and a gyro compass.
rast to all other PCs on the network.

*MET Pr“ will collect data from a suite of
metearological . sensors viz. wind speed ,
wind’ direction, snlar:
barometric pressure and temperature, Cor-
rections will be applied
using the “NAV PC" output.

"WET LAB

ment such as the conductivity -.tempera-
ture - depth (CTD) profiler, shipborne.
-Wwave recorder, salinometer,

meter and an autoanalyzer.

Other
clude a "File Server PC", an .-
and a "BRIDGE PC*. The data collected at
each node will be stored on a local hard
disk as well as on the server whilst data
is being acquired.
PC* is meant to facilitate data processlng
and plotring as well as monitoring of data
acquisition occurring at any other noda.
The - “BRIDGE PC" could be configured for
graphic navigation display or for remote

via a-satellirte link.

Container Labhs

of Oceanography for a Coastal Re-'

The configuration of the.
restricted to a small network due -
Table 1
list of personal computer sta-
associated group of equipments.

PC" will be dedicated to equip-.

computers on the network will in- -
“EDP PC“.

snoref

laboratory computers will receive
data from equipments such as magnetometay, .

‘networking have been the .

depth data from tWwo echo |
-sounders, ship speed and heading data from
This data -
will be logged every 10 seconds and broad-’

radiation,

to qind data

turbidicy -

The choice of an “EDP’



current meter, bathythermograph and a buoy
receiver etc.

Incerfaces .

The type of interface required for con-
nacting each equipment is shown s in  Table
1. COM1l and COM2 ports of each PC provides
serial interface connections. Parallel in-
terfaces have heon desiqgned for RBRCD  in-
puts. Analng signals are coavartsd into
digital form by a Kierthley Instruments
.DAS-570 analog-to-digital conversion sub-
systen. ’

Software and Data Integration

software is being developed in ‘C*'. The
availability of- graphics support and the
large library of function calls hava aasud
the programming task.

The transmission and reception of commonly
roquired data.such as position, timea, and
ship's speed and heading is planned
through NetBIOS calls without 1involving
the file server.

The data acquisition® program will be in-
terrupt driven so that data is nat last
whilst updating the discs or whilst wait-
ing for network communications. The data
acquired at each nodes will be stored on
local hard discs as well as on a sevver.
The NAV PC has been assigned the ‘task of
keeping a backup of data logged on the
seryer. The dual storaga ensures sSatety
against disk failures. The maximum dacta
collacted by all equipment on the CRV
will not exceed 1 Mbyte/day and the 40 MR
dise on the server will easily scora the
data gensrated by a full length cruisa of
30 days.

Conclusions

!

We have demonstratad that personal com-
puters have become an appropriata choice
for data acquisition systems because of
their easy availabhility, low cast
hardware and add_on_modules , a largs
software base, well documenced open ar-
chitecture .and a continued increase in
performance without sacrificing on com-
patibilicy.

Furthermore it has been shaown that dis-
rributed PCs connected in local area nec-—
works allow concurrent data acquisition,
processing and display. LAN based con-
figurations can be enhanced depending on
the  size and complexity of the applica-
tion. The emergence of networking saftware
srandards for PCs has allowed process-ta-
nrocess communication between differanr
nodes without invelving the file server or
disc, thus reduring time overhesads as-
snciated with disc access.

An © Integrated Data Acquisition System has
been described for a small .research vias-
s2l.: Yt can be easily expanded for addi-

tional acquisition, processing, display
and storage nodes depending on the
required saphistication and to tackle-com-
plex situations. . The availabilicty of
software standards assures that the system
can he enhanced with new networking
products that are sxpected to be available.
in future. such as the 16 Mbit token ring
and FDDI. Internetworking protocol stand-.
ards will Aalso facilitate data exchange
hetween differsnt networks on ships and
shore. The distributed system may be built
wirh heaterogeneous systems using different
operating systems such as DOS, Unix, and
real time operating systems, individually
suited for different applications.
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TABLE 1:

Sr. Computer
No. name/Type

Equipments

Interfaces
/Siqgnals

Computer
Name/Type

Equipmeéents

Incertaqes
/Signals

1. EDP PC
© AT/386

2. File-
. Server
_ AT/386

3.  MET PC
. PC/XT

FIGRFE 1o

Plotters
Printars

‘Pape backup

Printer
Tape bhackup

NIO ANWS

Lambrecht AWS

‘Wind speed
Wind direction

Air Temp.

Surface Temp.

Water Temp.
Baromectric
‘pressure
Wat bulb
Pyranometer

RS-232
Analog
{0-5 Volts)
~do-
-do-
—do-
-do-
_do_

-do-~
_do_
-da-~

4,

WET PC
PC/XT

MOD PC1
PC/XT

MOD PC2
PC/XT :

BRIDGE BC

NAV PC
AT/386

CTD system
Salinometer
Turbidity
SST

Auto analyzer
Wave recorder

Hagnatometar
EBT

Current meter
Buoy receiver

SATCOM

Satellice
Echo sounder
Speed log
Gyro

taster clock

16 bit I/0
RS~ 232
-do- .
~do~ .
- =do~" |
Anal‘og. 1V :

BCD
BS-232

" RS-232

.Modan

RS=-232
_RS=232/BCD
Pulses .
3¢ synchro
BCD 7






