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During USNS Eltanins recent yard period in

New Zealand, August 5September 15, 1969, a
data processing facility
was installed for the use
of shipboard investigators. It consists of an
IBM 1130 Model 2B
*
processor with an 1132
printer, 1442 card read/
punch, 1134 paper-tape reader, 1055 paper-tape
punch. and 1627 plotter. The equipment was installed in the 178 ft 2 former VLF laboratory, located
below deck just forward of the living quarters. This
location has proved ideal because it is in close proximity to the science office, the effects of the ship's
motion are minimal, and the environment is easily
controllable. The room was completely stripped of the
old equipment, and a door was cut through the
forward bulkhead to provide ready access to the science office. A 5—ton recirculating-type air conditioner
was installed to cool the computer room and the science office. The computer room is slightly pressurized
with respect to the passages, so that no dust or other
foreign materials are brought into the room, The airconditioner filters are thus able to remove any dust
particles in the room and maintain a clean atmosphere.
The power requirements of the computer facility
are low. A 30 A, 110 V power panel was installed
in the room, with an RF line filter to protect the
most sensitive circuits. The manufacturer specifies
115 V ± 10 percent and 60 ± /2 cps; at present,
the machine is connected directly to the ship's service power line and has withstood regular voltage
fluctuations of ± 20 V and ± 3 cps without any ill
effects. When a power failure occurred during the
early part of Cruise 40, the computer shut down in
orderly fashion.
To prevent ground-loop paths from affecting the
system, the equipment is electrically insulated from
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the ship except at a single point. The peripheral
equipment frames are bonded to the central processor
frame with heavy copper wire, and the whole system
is grounded to the deck at the base of the processor.
The major system pieces are mounted on 3-inch
angle iron frames welded to the deck, and the equipment is bolted to these frames through insulating
spacers. There. have . been no detectable adverse
'effects from the ship's motion or vibration.
Following installation, approximately 2'/ days of
manufacturer's checkout was needed to ready the
system. The bulk of this time was consumed in testing and alignment, with only two minor faults needing correction. The system worked without any down
time for corrective maintenance throughout the 21day first leg of Cruise 40.
System generation and checkout have been carried
out, with emphasis on navigation reduction and daily
data-sheet preparation. The navigation programs,
provided by Lamont-Doherty Geological Observatory personnel, required only minor uumodifications to
fit the Eltanin installation.
The system has already proven its worth by detecting navigational errors while the period in question was still fresh in the investigators' minds. Additional programs written on hoard to perfonn some
aspects of hyd rographic-station calculations for
Cruise 40 resulted in a significant reduction in the
routine work load.
Special prograniming on board ship is aided by
the physical proximity of programmer, computer, and
problem. In almost all cases, programs brought
aboard by investigators should be pretested; however,
modifications can be made in the field to fit changing conditions.
A computer system for the reduction, storage, and
display of underway data acquired at sea has been
developed at the Lamont-Doherty Geological Observatory over a number of years, primarily by M.
Talwani. As this system evolved, programs were
written and subsequently modified for several types
of IBM computers. The most recent version of the
programs utilizes the IBM 1130 system with card
reader, card punch, line printer, magnetic disk drive,
and drum plotter. This hardware configuration is
essentially identical to the Eltanin facility; consequently, a large library of programs exists which will
operate without significant change on the Eltanin
system. It may be useful, therefore, to review the
plans of the Lamont-Doherty geophysical program
to utilize the new shipboard data-processing facility
on Eltanin, to describe briefly the experience with
this system of programs and hardware at LamontDoherty, and to suggest possible ways in which other
investigations might benefit from this experience.
Talwani (1969) describes in considerable detail
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Figures 1 and 2. Views of
the new data processing
facility aboard Eltanin.

the philosophy and organization of the numerous
programs and subprograms which comprise the procedures for the reduction and display of marine
geophysical data, and gives complete FORTRAN
listings of the programs.
Knowledge of the ship's geographic position at any
time is the first logical requirement in the reduction
and analysis of any shipboard observations. The requirements of the broad sjectrum -of disciplines
represented on Eltanin vary widely in this aspect, and
the positions as recorded for many observations often
reflect the navigation in various stages of refinement.
This variable standard has resulted in numerous
small inconsistencies and a general uncertainty in the
reliability of the reported observations. Therefore,
the first priority in the utilization of the computer
system on Eltanin is to establish the "final navigation"
of the ship on board in nearly real time. Although
this can be done on a fix-to-fix basis (satellite fixes
at high latitudes are generally obtained on the average of every hour), our experience indicates that
processing the navigation data once or twice daily is
a practical and efficient mode of operation.
The track adjustment is determined from the
ship's fixes (normally satellite fixes') and deadreckoning information (gyrocompass and electromagnetic log). The position is dead-reckoned from fix
to fix in the usual fashion, and the track is subsequently adjusted by assuming a constant current
between fixes (see Talwani et al., 1966). A continuous analogue recording of the ship's heading and
speed allows for a detailed reconstruction of its
maneuvers. By utilizing the digital computer, very
small changes in the ship's course and speed are
taken into account.

'Antarctic Journal, vol. I, no. 4, p. 165.
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Some programs (e.g., determination of the Eötvös
correction in gravity measurements) require a precise knowledge of the ship's course and speed at all
times. The technique described should, under normal
conditions, allow determination of the ship's position
at any time to an accuracy of a fraction of a mile.
If the gyrocompass, electromagnetic log, and satellite
navigator were virtually error-free and we ignored
the wind drift, this analysis would yield, as a byproduct, the average near-surface currents between
each Pair of fixes (see Fig. 3). A more sophisticated
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Figure 3. Adjusted track from portion of Eltanin Cruise 28. Asterisks indicate satellite fixes. Ship's time is annotated for all
navigation points. Arrows indicate direction and magnitude of
inferred current between pairs of fixes.
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Figure 4. Final plotted profiles of topography and
gravity for the last 600 n.m. of Eltanin Cruise 28.
These profiles are plotted with respect to cumulative
distance along the ship's track. Ship's time is annotated near the top and navigational information
(coordinates, course, speed) near the bottom. The
scales are shown at right. The depth (D) is in nominal fathoms (1/400 sec. reflection time) and freeair anomaly (G) is in milligals. Normally, a profile
of magnetic anomaly (M) in gammas is also included, but the magnetometer was inoperative for
this segment of the cruise. The heavy bar at the top
indicates section of profile represented in Figs. 3
and 5.
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—and considerably more complicated—analysis of
the navigation is possible (Taiwani et al., 1966;
Hayes et al., 1967), but it does not appear warranted
as a routine procedure.
The basic inputs to the navigation reduction pro..
gram are fixes and dead-reckoning information.
These are entered as ship's time, latitude, and longitude, and as ship's time, heading, and electromagnetic log reading, respectively. The dead-reckoning
information is entered at each change of course or
speed, or at least every 3-4 hours. These data, combined with the fixes, constitute "navigation points,"
and the adjusted track can thus be recorded as small
segments of constant speed and course between connecting points. In all interpolative procedures that
follow, ship's time is used as the common variable.
The determination of the navigation as expressed in
ship's time, latitude, longitude, course, speed, and
cumulative inilage is the first step in all subsequent
data reduction programs.
For example, the bathymetric data are digitized
as ship's time and depth—a time series—at the minimum number of unequally spaced time intervals
required to describe the PDR trace accurately. The
position of each sounding is then computed by
scanning the navigational data, stored on magnetic
disk, and making the appropriate interpolations. A
similar procedure is employed in reducing the other
observed geophysical parameters (gravity, magnetics). Additional corrections which depend on the
ship's navigation (e.g., International Gravity Formula, EOtvös Correction, International Geomagnetic
Reference Field) can be computed following the
navigational interpolations. The heart of these programs lies in a number of incorporated algorithms,
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one of the most important being, in effect, a "calendar." This algorithm permits determination of a total
time in hours, referred to a specified base year, from
real time (hours, minutes, days, months, and years).
The computation of total time is common to all programs and is used in the basic interpolation of the
navigation. Observations from any program on
Eltanin could be expressed as a time series—even
station data separated by many hours or days. Ship's
time can be readily used to identify these observations (e.g., start and stop of trawls, core hits, etc.)
with prompt, accurate, and internally consistent coordinate information.
In addition to the family of programs employed
to determine the navigation and to reduce the
marine geophysical data, two other families of programs exist which provide a graphic display of the
reduced parameters by utilizing an on-line incremental drum plotter. One group of programs produces
plotted profiles (Fig. 4), the other plotted charts
(Fig. 5). A combination of these programs allows
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Figure 5. Plotted soundings (in nominal fathoms) along the segment of Eltanin Cruise 28 shown in Fig. 2.
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profiles to be plotted on lIlaps—a technique particularly helpful in reconnaissance surveys (see, for
example, Herron, in press).
The production of charts merits further discussion
because of the potential application of this technique to other investigations. For instance, final adjusted track charts could be produced on board ship
on a- day to day basis. The programs incorporate
subprogFams which provide scaling, grid drawing,
and annotating for a Mercator Projection 2 of variable scale. Functions are employed which convert
latitude and longitude to the proper x-y coordinates
for plotting within a specified area. These programs
utilize tables (within the program) which are effectively tables of meridional parts and allow plotting
of all areas of the world from 80°N. to 80°S. The
size of a specific plot is limited only by the scale
chosen and the physical limitations of the plotter.
It is the intention of the Lainont-Doherty investigators eventually to do all basic data processing and
display on board Eltanin within a few hours or a
day of the actual data collecting. There are many
advantages to this approach: Errors in data collection will be caught early and corrected, more intelligent decisions regarding the day-to-day and cruiseto-cruise schedule and track of the ship can be made,
and time in the laboratory can be devoted entirely
to the detailed analysis of the data collected. Experience indicates that the machine time required for the
reduction and display of the navigation and of the
geophysical data is less than one hour per day of
data collection.
2 The

inappropriateness of the Mercator Projection for the
southern portion of antarctic waters is readily apparent.
There is no reason why conic or polar projections could
not he employed, however; in fact, a Lambert conformal
conic projection has already been programmed but has
not yet been widely utilized. In the Lamont-Doherty
plotting programs, subprograms have been used extensively, and plotting at other map projections can he
realized with no basic changes in programming logic.
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In this fast-moving world where advances in
technology often seem to outpace the progress in
science, there are some areas where the phase displacement is particularly evident. A good example
is museums, which, although faced with formidable
problems in inventorying and cataloging specimens
collected over decades and even centuries, only recently have begun to apply computers to the task
of inventorying and retrieving their ever-increasing
holdings. As a result, large and significant collections
exist about which little is known. Thus, in an age
when even railroad operations have become computerized, a systematist studying natural-history
specimens may still have to go from museum to
museum to view endless rows of labelled containers
merely to see if there might be specimens available
that would be useful in his research. Depending upon
his specific needs, he may conclude that it is easier,
and possibly more profitable, to undertake a fieldcollecting excursion of his own, or to participate in
a large-scale, multipurpose program.
If he happens to join a marine expedition, our
systematist, who may be concerned with only one
taxonomic group of animals or plants, will find that
the use of trawls and similar collecting devices often
produces assemblages that far exceed his immediate
needs and interests, while time and shipboard facilities may limit efforts to preserve and record any but
the needed materials. The collector may elect to
return everything to the sea that is not of direct
interest to him, or he may remove wanted specimens,
briefly label the remainder and ship it to his home
institution, where it may rest with its presence unknown to most of the scientific community. Thus, the
opportunity to utilize the total assemblage by channeling "unwanted" specimens into the hands of other
specialists is lost.
To assure optimum efficiency, a multipurpose,
large-scale, and continuous expeditionary effort requires a focal point for coordinating all phases of
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