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Water Depth and
Distance Penetration
Rather than eliminating the blue-sensitive or yellow dye-forming emulsion layer

of the film, a relocation of its peak sensitivity would be more beneficial.

INTRODUCTION

REVIEWING ARTlCLESl,2,3.4,5 written in the
past three years on the topic of optical

water depth penetration from aerial plat­
forms, the general point of agreement among
the authors is that specialized techniques are
required to optimize said penetration. Be­
cause the specific optimal techniques sug­
gested are often in direct opposition, not all
of these techniques can represent effective
approaches to the recording of information at
any given depth: some may actually provide
a decrease in the recorded information.

vide an increase in underwater distance
penetration in the submerged reconnaissance
si tuation.

Because of the varieties of original re­
connaissance color (also black-and-whi te)
materials available to the reconnaissance
engineer or photogrammetrist, certain prob­
lems have arisen in the selection of the proper
material to be used in water overflights.
Depth penetration has been claimed to be
better with one material than another, this
judgement having been made on the basis of
singular examples of the appearance of

ABSTRACT: Reasonable increases in the apparent depth or distance penetration
of masses of water may be accomplished by sensing in the proper region of the
spectrum and displaying the resulting record so as to make use of the dynamic
density range of the presentation material. This procedure yields information
concerning the generation of photographic emulsions designed for the specific
task of water penetration. Jl![ultispectral techniques may be used to demonstrate
a. special bicolor presentation scheme for water penetration emulsions; however,
this technique is not presented as the optimal method but instead is used as !l

tool to aid in establishment of initial emulsion design criteria.

The objective of this paper is to review
briefly some of the suggested techniques in
light of available information concerning
absorption and scatteri ng of ligh t by masses
of water, and to examine the results of these
techniques in practice. The eventual goal is to
determine if, by using a judicious application
of photographic science, an even more reason­
able approach may be fou nd-even to the
xtent of recommending that a special

emulsion be developed for this very use. The
approach here is from the standpoint of
penetration of a depth of water from an
aerial platform, with the understanding that
an improvement in depth penetration capa­
bilities in this application will probably pro-
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imagery on one material compared to im­
agery on another material taken under dis­
similar conditions at different times. Multi­
spectral or spectral zonal reconnaissance is
sometimes flown over water, but the utiliza­
tion and presentation of the processed im­
agery is difficult because of the design of the
camera system. i[ uch of the val uable depth
information recorded by multispectral tech­
niq ues is not apparent and is not used be­
cause of a lack of convenient presentation
tech niq ues.

Bailey2 has demonstrated the val ue of this
multispectral technique, especially in a re­
search situation where it is desirable to
evaluate the use of different techniques and
the combination and display of various
sensing bands in presenting water penetra­
tion data. We can use multispectral photog-
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PLATE 1

PLATE 2

Simulation of normal camera original color tripack using
multispectral records 1, 4, and 6 printed blue, green, and red,
respectively.

Simulation of Ektachrome Infrared type 8443 using multispectral
records 4, 6, and 7 printed blue, green and red, respectively.



PLATE 3

PLATE 4

Simulation of a normal camera original color tripack with a
Wratten No. 12 filter over the lens.

Simulation of a normal camera original color tripack without
a blue sensitive. yellow dye forming layer.



PLATE 5

PLATE 6

Bicolor presentation of record 1 (400-460 nm) printed blue and
red with record 7 (685-900 nm) printed green. Sea state and
surface detail recorded with very little depth information.

Bicolor presentation of record 2 (430-530 nm) printed red and
green, record 4 (540-620 nm) printed blue. These bands selected
from area of maximum transmission of pure water.



PLATE 7

Same presentation scheme and records as plate 6 only with
a 2.5 times increase in gamma.
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raJ.lhy tu aid in the decisiun uf where, in the
clectromagnetic spectru m, recon naissance
materials should respond to increasc the
apparent depth penetration through II'ater.
The black-and-ll'hite record produced in the
usual multispectral technique also allows in­
vestigation of the presen tation scheme that
can best be used, Howe\'er, it must be cm­
phasized that the multispectral reconnais­
sance techniquc is not being offered as a solu­
tion to the water depth penetration problem;
it is being used only as a cOl1l'enient demon­
stration tool.

In this instance, records prod uced by an
Itek nine-lens multispectral camera are used
to demonstrate current color capabilities and
techniques, as well as other approaches to the
problem. Thc spectral bands sensed, or thc
lilters used in this situation, are shOll'n in
Figure J, The simulation of original color,
false color, and special color techniqucs were
created by registering the black-and-II'hite
negati \'e records generated by this camera
and using various combinations of the reg­
istered negatives, one at a time, to make
tricolor prints on Ektacolor paper.

:\IETHoDs

An examplc frame showing a considerable
amount of bottom detail is used to demon-

strate the techniques mentioned. This shot.
taken over the western edge of the Great
Bahama Banks in the vici ni ty of Beach Cay,
shows some surface features and sea state in­
formation. Ground truth concerning the
lI'ater depth in the area is not a\'ailable, but
it is estimated that we are looking through
one to four fathoms of exceedingly clear \\'ater
wi th the six-i nch f cal-length lenses fou nd on
the nine-lens multispectral camera; the alti­
tude is 14,850 feet.

Plate 1 is a simulation of a normal color
tricolor material made by printing multi­
spectral records 1, 4, and 6 blue, green, and
red, respectively, The inherent residual
magnification differentials between the lenses
and the finite errors in registration presently
limit the true utility of this procedure of pre­
senting multispectral data to an investigative
tool. This observation ad mi ts the conclusion
that, if particular spectral bands are to be
used in water depth or distance penetration,
then the photographic sensor Il'ill need to be a
multiple-coated emulsion to provide the
metric stability and resolution with ease of
processing and display.

In a simulation of Kodak Ektachrome
I nfrared type 8443, Plate 2 Il'as created by
printing multispectral records 4, 6, and 7 blue,
green, and red. respecti\'ely, An increase in
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FIG, 2. Duntley's plot of attenuation length as a
function of wavelength and water. 50
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FIG. 3. Percent transmission of pure
water at various depths.

at wavelength X, and E(X, I) is the energy at
rlistance t.

The usual method of displaying the volume
attenuation of water as a function of dis­
tance is to plot the reciprocal attenuation
coefficient [l/a(X)] as a function of wave­
length. As the unit of a(X) is reciprocal dis­
tance, then the unit of l/a(X) is distance and
is referred to as the attenuation length.
Duntley's plot6.7 of attenuation length, as a
function of wavelength for water from various
regions, is shown in Figure 2. The percent
transmission of pure water at various depths,
as reported by Bailey,2 is given in Figure 3.

From Figures 2 and 3, it can be seen that
eliminating the blue record from the standard
color tripack, either by filtration or manu­
facture, is an incorrect proced ure. The at­
tenuation loss in water is as severe in the red
region of the visible spectrum as in the deep
blue end; of course, absorption is very large in
the infrared. Comparing the spectral absorp­
tion minimum (greatest attenuation length)
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sea state information and a greater detect­
ability of surface features are immediately
apparent. No great improvement of bottom
detail is observed.

Now, there are two approaches that are
presently being followed in efforts to develop
special techniques for achieving the water
penetration objective. One is the use of a
yellow filter (Wratten No. 12) with a normal
color tripack,4 yielding a result similar to
Plate 3. The other method is to coat the usual
color tripack without the blue-sensitive,
yellow dye-forming layer." Plate 4 is a simula­
tion of the resul ts obtai ned when this ap­
proach is used. Observation of the spectral
absorption function of bodies of water ex­
plains why n@ither of these methods is
accomplishing the objectives for which it was
designed.

The processes of absorption and scattering
of electromagnetic energy together generate
the volume attenuation coefficient of water.
This volume attenuation coefficient a is a
function of the incident wavelength; i.e.,
a(X). The attenuation process, as a function of
distance, follows the simple exponential rela­
tionshi p7,8:

/\ (>-. , I) = /\(>-., 0) exp [-a(>-.)/I

where Ji.(X, 0) is the ini tial energy of the beam
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FIG. 5. Effective normalized spectral sensitivity
function of bicolor presentation showing improved
depth penetration.

factory. What constitutes an optimum pri­
mary-complement pair for interpretation of
bicolor presentations has not been deter­
mined.

In terms of providing the most efficient use
of the energy that is likely to be presen tin a
water-depth or distance-penetration prob­
lem, the 010 treasonable appt'oach is to usc a
sensor that responds in the area in which the
media will most probably transmit, and to
record as little of the scattered light as pos­
sible. The transmi ttance of pure water repre­
sents the upper constraint on this specular
transmi ttance function.

By taking two or more bands within the
domain of the transmittance band of pure
water and properly displaying them. some
improvement may be made in apparent bot­
tom detail. Plate 6 is a bicolor presentation of
a band 430-530 nanometers (lens 2) and a
band 540-620 nm (lens 4). The former band
printed to form cyan and magneta dyes, and
the lattet· band printed to form the yellow
dye. Figure 5 is the effective normalized
spectral sensitivity resulting from this ap­
proach, Since the shortcoming of this pre­
sentation is the low contrast, this was cor­
rected in Plate 7, where a 2,5 times gamma
increase over Plate 6 was accomplished.

The presen tation of these resul ts is not a
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I:Jl;. ~. :\ominal spectral sensitivity functioll
of a normal color tri pack.

"f water wi th the nomi nal sensi ti \·i ty func­
tion of normal color tripack materials (Figure
4), certainly the yellow-forming blue-sensitive
layer does not peak in a band where pure
water readily transmits. However, the long
wavelength sensitivity of the blue-sensitive
layer does extend into the water transmission
band, as does the short wavelength sensitivity
of the green-sensitive layer. Rather than an
elimination of the blue-sensitive or yellow
dye-forming layer, it seems evident that a
relocation of its peak sensitivity would be
more beneficial. Also, the high absorption by
water of the red and infrared implies that it
is senseless to monitor these bands, except for
detection of sea state and surface information.
Plate 5 shows that the bands from 400-460
nanometers (n 01) and 685-900 nm add rela­
tively little to the detection of detail at the
sea bottom. Here, frames 1 and 7 from the
multispectral camera have been printed so
that information from frame 1 forms a green
record (i.e., frame 1 was printed through both
blue and red filters) and frame 7 forms the
magen ta record (frame 7 was pri n ted th rough
the green filter).

Such experiments in bicolor presentation
schemes have shown that display of one rec­
ord as an additive primary and the second
record as the complement result in a com­
posite image which visually is quite satis-
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statement that this represents an optimal
solution to the \\'ater depth or distance
penetration problem. I t merely demonstrates
that, by the proper choice of the bands in
\\'hich sensing is accomplished and by using
some elementary thoughts in tone reproduc­
tion and presentation, a reasonable improve­
ment in the apparent penetration may be
produced.

CO~CLUSlO~S

Reasonable increases in the apparen t depth
or distance penetration of masses of water
Illay be accomplished by sensing in the proper
region of the spectrum and displaying the
resulting record so as to make use of the
dynamic density range of the presentation
material. This procedure yields information
concerning the generation of photographic
emulsions designed for the specific task of
II" a ter penetration. 1\1 ul tispectral tech niq ues
are not applicable where large quantities of
lilm are to be utilized, as the effort involved in
presentation preparation is large and the
probability of resolution loss through m s­
registration is high.

\Vhere multispectral sensing is useful from
the research standpoint, a more reasonable
approach from the large \'olume operational
standpoint is to construct a multilayer pack­
age. l3icolor or tricolor tripacks may be used,
pn)\'ided the proper bands are selected based
on the constraints of the spectral absorption
and sea tteri ng of \\·ater. The choice of
\\'hether a tripack of bicolor construction
scheme should he used should be based on the
speclTal differentiation required for the bot­
tom detail to be properly detected. I neither
case, the optimal presentation scheme should
be determined through consideration of the
use to which the final imagery is to be put.

Because of the flare introduced by scatter­
ing, the dynamic range of the input luminance

is 10\\'; thus, a total system gamma of ap­
proximately three to five is necessary. To
desire a film speed of ASA 1000 is not unrea­
sonable, due to the large energy losses in­
curred in water, although trade-offs in speed
with the system gamma are likely. High res­
olution does not seem necessary; the initial
resolution requirement should be met by 20
to 45 lines per millimeter.

This si mple analysis demonstrates a proce­
dure whereby an increase in apparent depth
or distance penetration of water may be
accomplished, and establishes a very basic
criterion for the design of a Epecial emulsion to
meet this requirement.
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na\'igation aids; (2) the use of single metric
photographs, with sections on camera and
photograph geometry and on the principles of
radial si ngle-photo triangulation; and (3)
stereophotogrammetry, including sections on
mathematical principles, stereoplotting and
stereotriangulation equipment. and stereotri­
angulation methods.

New Publication
La Photogrammetrie des Plans Topographiques et Parcellair('.\
(Photogrammetry in Topographic and Cadastral Mapping).
Bernard Dubuisson: Paris, Editions Eyrolles, 61, boulevard
Saint-Germain, 1969.312 pages, paper hound, 77 francs plus 4.02
francs postage to U.S.

This new French-language textbook \Vas
\\Titten for ciyil engineer" and specifically for
cadastral and topographic engineers \Vho are
well grounded in geodesy, topography, and
mensuration. The book coyers the principles
of taking and using photographs for \\'ork in
these fields. Separate chapters are deyoted to
(1) the aerial photographic mission, including
di,;cu,;siuns of flight planning. cameras, and


