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Precise undersea charting and techniques for

independent navigation of submersible craft

are in serious need of development.

------_. ---

ABSTRACT: N!an's interest in the sea floor is growing with new demands for
more detaiLed information about the continentaL sheLf and coastaL waters
throughout the world. The ability of the human being to malle logicaL duisions
on the spot, and to manipuLate equipment with his hands causes the diver to be
indispensable. A scuba diver is weightLess, and can move about with remarkabLe
agiLity and freedom, The development of improved ul1derwater cameras, rapid
and accurate mapping techniques, and a dependable navigation system are some
of the probLems encountered in present day underwater exploration, These are a
few of the ways that science and engineering can aid the underwater researcher
and explorer in his qllest jor kllowledge, which will aid man to Live and work
beneath the surjace oj the ocealls.
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T ODAY \YE ARE AT the beginning of an ex
citing, new human exploratory \'enture

our conquest of inner space, the watery ocean
frontier. This unexplored inner space makes
up o\'er t\\'o-thirds of our planet. Our con
tinental shelf, the rim of the land beneath the
sea, is less than a thousand feet deep and in
comparably more accessible to us than the
surface of any planet. This shallow sea Hoar
has a greater surface area than the en tire
surface of the moon, and it is within our reach
for the acquisition of food and minerals.

Much has been said about the ocean as a
great reservoir of minerals and food but very
little has been said about the importance of
the ocean to science i tsel f. \' et there can be
few scientists today who are not \'cry strongly
aware of the important role thc ocean plays
in the development of their respecti\'e lield,
no matter how unrelated the sea may seem
to be from their actual work, Compared to
the land, the sea is a more natural el1\,iron
ment for life, thus, biologists and medical re
searchers can study marine organisms in their

• Presented at the Annual Conveution of the
American Society of Photogramtl1etry in \\'ashing
ton, D, c., i\Iarch 1967 as one of several papers on
underwater photography, all contained in this
issue,

comparati\'e simplicity to reach an under
standing of the more complex mechanisms of
human beings. The geologist can study the
floor of the sea to better understand the origin
and structure of the earth,

Much of the history of the earth is fou nd in
deep sea sediments, i,e.. a tremendous amount
of information has been gathered through
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chemical and biological analysis of deep sea
cores, I f there were no seas, our weather
would be vastly different; the air circulation
of the entire world is tied in with the ocean.
The ocean is a great resen'oir of water and
energy.

There is no need to mention the importance
of the ocean as a means of defense. A large
part of the scientific and engineering effort in
the ocean today is directed towards solving
some of the problems of submarine com
munication, submarine detection and sub
marine destruction.

How CAN THE DIVER fit into this picture? It
is obvious that the diver can aid the scientist;
however, science can also aid the di\'er.
Oceanographic science has many instruments
of varying degrees of sophistication, thanks to
engineering technology, Underwater cameras,
underwater television, unmanned submarine
vehicles, a whole new array of manned re
search vehicles, many types of mechanical,
acoustical, and electronic sensing devices
all of these are being used to pierce the sea and
to reveal its secrets,

Di\'ers are frequently required to install, to
position properly or to align scientific in
stnlments, to perform routine maintenance
and upkeep on underwater instruments in
cases where it is not practical to pull the
equipment off the bottom or out of the water,
to inspect unden\·ater installations for
damage, and to perform many other tasks
involving the installation and upkeep of
equipment.

The ability of the human being to make
decisions on the spot and to manipulate
things with his hands makes it highly de
sirable to have divers at work with the scien
tists, or to go one step further and ha\'e
diver-scientists collecting data and perform
underwater investigations.

SOlIE OF THE LATEST concepts in gathering
naval intelligence employ instrumentation
\\·hich is connected to shore-based monitoring
stations by cables. In recent years oceano
graphic data collection systems ha\·e been de
signed wherein hard-line telemetering of in
formation has been the most expedient man
ner of transmitting data to shore facilities.
The requirements for these types of systems
appear to be on the increase. Use of this sys
tem requires laying cables o\'er shorelines
\\,hich are \'aried in topographic features,
biological com mu ni ties, curren ts, and re
sponse to wa\'e action. These characteristics

can best be docu men ted by visual and photo
graphic records made by personnel trained in
the marine sciences. This type of information
would be extremely difficult, if not impossible,
to collect from a surface platform, and a diver
with no training in the marine sciences may
not recognize features which would be of
salient importance. Thus it becomes neces
sary that technical personnel collect data in
order to have a more meaningful collection
and an even tual in terpretation of the data.

In other words, to achieve maximum re
sults the di\'er should be a scientist or the
scientist should be a diver, and it is generally
easier, or at least it takes less time, to train a
scientist to be a di\'er. This is the procedure
followed by the K a\'al Oceanographic 0 ffice.
Scientists who wish to qualify as divers are
required to complete satisfactorily the train
ing course offered at the Kaval nderwater
Swimmer School, Key \Vest, Florida. On
completion of this course they are then ready
to continue their study of the ocean without
being restricted to the old conventional sur
face platform techniques.

Na\·al Oceanographic also employs a few
non-scientific divers. This type of diver
achieves his greatest value to science not in
observation but in the engineering support of
science-placing and servicing \'arious under
water arrays of in truments, such as remotely
controlled underwater television and listening
stations; the operation of underwater vehicles
and sleds to take continuous motion picture
records while moving across areas of the sea
Aoor in which the scientist is interested;
marking and measuring seden tary organisms
on the bottom of the sea in an effort to mea
sure their growth rate; measuring the amount
of sediment in channels to determine the rate
of sediment deposition; and many other
\·aried types of underseas work.

THE IMPORTAKT THING about the scuba
diver is that he is not bound by gravity; he
is weightless, free, and can move with remark
able agili ty and freedom of action. This makes
him indispensable to engineering operations
and scientific research. This will be increas
ingly evident in the future with the rapidly
accelerting explorations of the ocean. The
principal limitation in this development will
be the length of time and depth at which
di\'ers will be able to work, and the tools and
equipment he will have to work \\,ith. This is
where science and engineering must help the
diver. Many problems must be overcome be
fore significan t exploration of the underwater
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world can begin, Man must be able to use his
senses and his manual dexterity for extcnded
periods at considerable depths,

1\1 uch progress has been made by Cousteau,
Link, and the U, S, l\avy Sealab under Cap
tain Bond, They arc pro\'ing that man can
live and work for long periods at great depths,
Others are conducting cxperiments in liquid
breathing, Dogs, mice, rats, and e\'en cats,
have been able to sun'i\'e while breathing
submerged in oxygenated liquids under pres
sure, Hampsters ha\'e also been kept ali\'e
underwater by surrounding them with a
membrane which extracts oxygen from the
water and rei cases carbon dioxide into it.

STILL ANOTHER PI-lASE of rescarch and clc\'el
opment remains which must progress at
the same pace-that of precise area charting
and photogram metry underwater, In ordcr to
explore fully, and to de\'elop and understand
the seas of our planet, man and machine must
be able to travel independently and at will
over the bottom, As with land travel, he must
ha\'e complete and accurate maps of its geog
raphy to prevent him from wandering about
aimlessly, Y\'e must ha\'e a means of produc
ing precise, accurate charts of the sea Roor,
charts which will reveal details and bottom
features which are impossible to obtain using
existing sonar techniqes,

Sonar is merely an accurate electronic
depth sounding device, \'Vould our terrestrial
map makers be content with a few \'aried
lines of radar contacts along the earth's sur
face from which to make their maps? The
number of scientists who have the oppor
tunity to dive or ride in a submersible to studv
the ocean Roor are few indeed, Could th~
scientists who have studied the terrestrial
portions of the globe ha\-e done so much if
they had been unablc to see the surface of the
land? Now that man can li\'e unden"atcr for
long periods of time, and co\-er great distances
using propulsion devices, he has this ad
vantage of being able to see the area under
examination and thereby adjust his obscn'a
tion points in such a manner that the more
essential features are accurately portraycd,

Just as terrestrial map making has e\'oh-ed
from simple sketches to cxtremely accurate
high-speed aerial sun'eys, so must our sonar
"sketches" cvolve into cxtremely accurate
high-speed underwater sun-eys, By adapting
basic aerial photogt'ammetric principles to an
undersea environment, many of the methods
and procedures that took years to perfect on
land could be transferred and applied im-

mcdiately to undersea II-ork, From the pro
cessed data of a sun'ey of this kind, scientists
wo~"d ha\'e color photographic mosaics of
wide expanses of the oceans t-loor; extremely
aceTate photogram metric maps showi ng the
contours of hills, \-alleys, ridges and trenches;
and stereo-pairs that would enable him to see
thc floor of the ocean in three dimensions,
Thi,; photographic record would producc ex
tremcl y \'aluablc, ctl\-i ron men tal intelligence
inf'rmation for a significant number of cri
tical nearshorc areas of the world, and re\-eal
many secrcts to scientists and military alike,

M AI':Y OTHEI< PROflLEMS remalll to be
soh-ed-problems including turbidity, light
scattering, and light absorption, to mention
but a fell-, Sciencc and engineering are already
hard at work in most of thcse areas and will
evcntually O\'crcome thcsc obstacles, At pres
ent, most of the cameras and equipment used
by di"ers consist of surface equipment lI'hich
has been modified or impro\-ed so as to make
it suitable for underwater use, Some advances
have been made reccntly in this area, but
there is room for much improvement, The
underwater camera is an important tool for
the diver. This instrument, used in recording
the environment, is extrcmely valuable in al
most e\-ery phase of oceanographic di\'er sur
veys,

I t is possible at this time to gather infor
mation and photograph small areas of the
bottom using conventional methods, but it
requires long hours of undcrwater work with
support from a surface vessel if the informa
tion is to be complete and accurate, The
method to be used in each case depends upon
the scope of the operation, the accuracy re
quired, thc number of personnel, equipment
and instruments a\'ailable, Somc of the very
general considerations that are important in
the execution of this type operation are: con
duction of a detailed bathymetric survey of
the bottom usi ng clectronic depth recorders,
performance of a \-isual reconnaissance, not
ing points of intercst, outstanding features,
composition of the bottom, marinc life, etc,

\\-ith information collected from the bathy
metric and \'isual sun'ey, a decision must then
be made as to the areas to be photographed,
and the typc of photographs that will best
depict bottom features, I t is easy to under
stand that a sun-ey of this type can become
very invoh'cd and time consuming;, The same
area, howe\'et', might be covered using high
speed undCt'sea vehicles equippcd with spe
cially designed photogrammetric camera sys-
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tems in a fraction of the time normally re
quired, and produce data having a much
greater degree of accuracy than is possible to
obtain at the present time.

WE HAVE A NEW frontier to explore under
the sea and as with any frontier, we must
make maps and charts to guide the genera
tions who will follow us. l\Iany serious and

ind ustrious underwater men are ready to ex
plore and chart this new frontier. But they
cannot proceed without the proper tools, and
these can only be supplied by the land-based
researchers and manufacturers. Men have al
ready begun to live in the ocean in spite of our
relative neglect of it. However, if they are go
ing to explore this underwater world well,
then modern technology must be prepared to
aid them in all possible ways.

(Continued from page 912)

spooled for still or motion picture cameras.
They could be, however, and I am sure we
would be willing to submit samples to anyone
who is in a position to conduct some tests and
supply us with the results. There might also
be some ad\'antage to high-speed films that
are senstiive to the blue and green only. It
seems that there is not much point to pan
chromatic sensitivity if no red light is present.
Also, there might be some ad\'antage to USE
films wi th thinner bases. Such fil ms are made
for aerial photography. A thinner base means
that a camera can hold al most twice as much
fdm as it can hold with a film with a standard
thickness ordinarily used for motion pictures.
To summarize black-and-white photography
I would say, therefore, that we might consider
a film sensitive to the blue and green, having a
high contrast, and on a thin base.

Now let's speculate a little bit on color
films. First of all, it seems that a definite ad
vantage would result from using a color nega
tive film rather than a color reversal film. For
example, with a film such as Kodacolor, when

making the pri n ts one can use correction
ftl tel'S to restore the color balance. Because
with a reversal film no color except blue and
green exist at 2S fect, with a negative film one
can make prints that are pretty good even if
photographed down to abou t 30 feet. As wi th
the black-and-whi te films, it seems that some
advantage might occur from using a higher
contrast film. Again, the aerial type films
might be worth trying; also thinner base
films might be worthwhile so that more film
can be put in a camera. On color films, how
ever, maybe we can go e\'en further and state
that there would be an advantage to some
type of special color film, possibly one in
which the red sensiti\'ity is higher than it is
with standard films. 'vVe are not considering
making such a film at this time but it seems
worthy of discussion.

This has been a very brief presentation only
because so little can be said on the subject.
\\-e would welcome any thoughts and ideas
that you may have.


