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Water Depth Penetration

Film Test*

Evaluation of recording efficiency of nine film-filter
combinations over a typical water body.

InTRODUCTION

I_\.'\'1-'_5':'l(:.-x'r(ms in the fields of hvdrology,
oceanography, limnology, underwater
geology, archeology, and related areas use
aerial photography over water as a basic in-
vestigative tool. Ditferentiation of detail at
and below the water surface is essential to
these investigators for acquiring data on
phenomena such as industrial effluents,
plant life, silt movement, and tidal effects.

Photographic Technology Division at the
Johnson Space Center completed a com-
prehensive evaluation of nine film-filter
combinations (Table 1) for water-depth
penetration. A basic ingredient in this evalu-
ation was the coneurrent exposure of all films
to a completely common set of target condi-
tions. thus vielding an increased accuracy in
determining their relative effectiveness. A
principal film in the evaluation was an East-

AsTRACT: As part of the National Aeronautics and Space Administra-
tion Earth Resources Program, a comparative and controlled evalua-
tion of nine film-filter combinations was completed to establish the
relative effectiveness in recording water subsurface detail if exposed
from an aerial platform over a typical water body. The films tested,
with one exception, were those which prior was suggested had poten-
tial. These included an experimental 2-layer positive color film, a
2-layer (minus blue layer) film, a normal 3-layer color film, a pan-
chromatic black-and-white film, and a black-and-white infrared film.
Selective filtration was used with all films.

Recording the water-covered areas of the
United States and its surrounding oceans on
photographic film is a routine activity of
nasa's Earth Resources program.

Efficiency of photographic penetration of
the water surface to record this detail de-
pends on a match of the subject’s spectral and
brightness character with the photographic
system spectral sensitivity and sensitometric
character.

As a part of a continuing program to op-
timize photographic recording systems, the
Photographic Science Office of the xasa

*The work was performed under NASA Contract
NAS 9-11500, Task Order HT-73, at the Johnson
Space Center, Houston, Texas.

man Kodak experimental two-laver color
film. This film was proposed' and intro-
duced? in Photogrammetric Engineering.
ing.

Imagery was obtained with a six-camera
70-mm Hasselblad system during December
1972, on a xasa C-130 flight at an altitude of
1.45 km over a well-documented area adja-
cent to the Seripps Institution of Oceanog-
raphy. The mapped water depth in this area
varied from zero on the beach to 50 meters
within 1 kilometer of the shoreline.

Discussion

Three of the film-filter combinations pro-
duced imagery which demonstrated similar
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TasLE 1. EXPERIMENT FiLms aND FILTERS

Film Wratten Filters

2-Layer Experimental 3 (light yellow)
SO-397 (4-mil base
Ektachrome EF)

S0-426 (minus blue

64 + 2E (blue-green)

layer color film) none
SO-397 12 (Yellow)
S0O-397 3 (light yellow)

2402 (Kodak Plus-X

Aerographic) 64 + 2E (blue-green)

2402 3 + 47 (blue
2402 21 + 57 (green)
2424 (Kodak Infrared

Aerographic) 89B (Infrared)

superior water depth penetration in this
water at 10 to 15 meters:

e Experimental 2-layer color with Wratten 3,

e S0O-397 with Wratten 12,

e SO-397 with Wratten 3.

Density or color brightness changes were
visually discriminated in these map-
correlated deep water areas.

Imagery obtained with SO-397 film and a
Wratten 3 filter was used to determine the
spectral character of the subject water body.
This was done by correlating the film spectral
sensitivity data shown in Plate 6 with the
colors displayed in the SO-397 image. The

50-397
Wiz
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result was the curve of approximate subject
character drawn in Figure 6.

The typical water attenuation characteris-
tics of this type water body are shown in Fig-
ure 1. Although maximum relative transmit-
tance of water is centered between 500 mm
and 550 nm, the spectral character of water
bodies does vary. This experiment was de-
signed to study photographic recording effi-
ciency of films and filter with peak sen-
sitivities covering the maximum water
transmission region, as well as blue and near
infrared. The film-filter spectral responses
are shown in Figure 2.

Information obtained from this experiment
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will significantly improve the process for de-
termining films and filters to be employed in
future photographic missions over bodies of
water,

Subjective evaluation criteria were em-
phasized in this evaluation because visual
analysis is the most common technique used
by investigators. Where data did warrant
other types of special analyses, it is interest-
ing to note that the results were consistent
with those achieved visually.

EvavLuaTion PROCEDURES

Six records (the color films plus 2402 film
with Wratten 64 and 2E filters) were exposed
in the Hasselblad system simultaneously on
two flights along the California coastline.
The remaining records were obtained min-
utes later in a single flight along the same
coast line such that identical subject matter
appears in all nine sets of imagery. The imag-
ery was processed and duplicated by the
Photographic Technology Division at the
Johnson Space Center.

Mapped water depths and reference points
were correlated with the imagery for depth
determinations. Images were analyzed sub-
jectively on a standard viewing table using
the evaluation criteria listed. Experimental
results are shown in Table 2.
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Results were correlated with spectral sen-
sitometric data to estimate subject spectral
character and to study effects of spectral sen-
sitivity variations.

Some image enhancement techniques
were evaluated fortheirusefulnessinimprov-
ing imagery and presenting the subsurface
data in an easier-to-interpret format.

ResuLts

A tabulated subjective analysis of the nine
film records is presented in Table 2, Experi-
mental Results. The criteria key for analysis
was as follows:

Shallow color contrast. Visual color or den-

sity differences in water at map positions

indicating 1.5 meters or less.

Medium color contrast. Visual color or den-

sity differences in water at map positions

indicating 1.5 meters to 3.5 meters depth.

Deep color contrast. Visual color or density

differences in water at map positions indi-

cating depths of 3.5 meters or more.

Water penetration. Definite density or

color differences visually discriminated at

depths indicated on map referenced
points. This does not necessarily mean that
the ocean bottom is visible.

Color. Spectral range observed in the im-

agery.

TasLE 2. REVERSE COLOR SCALE TO SCALE COLOR

COLOR CONTRAST Water
Penetration | COLOR Surface Surface Visual
FILM Shallow/ Medium/ Deep/ §
e Gaiar PR imeters) Megetation [Reflections Crntx-
PILTER scale Scale scale et
Experimental 2-Layer | 3 2 1 10 to 14 Magjanta: or 4 a 2
Wratten 3 Near
Magenta M o n Neutral Heatial
b
50-397 |[Ektachrome EF) 5 5 6 Ita s Green 10 2 5
Wratten &4 + 2E
reen Green reen
50-426 (minus blue) 4 3 3 6 to B Lt, Mag, 3 k] 4
Hone to
to C Cto B lue [ =1 Blue
S50=-397 2 2 3 10 to 14 Yellow 1 4 3
Wratten 12 ot
Yellow t.G k. G Green
50-397 1 1 1 10 to 14 Y/G 2 4 1
Wratten 3 to
t. ¥ Y to G T ean Green
2402 E] 3 4 Ito b BEW 10 :] 2
Wratten 64 + 2E
BEW B&W W
2402 (PlusX Aerographid 4 4 2 5 to 8 B & W 10 n/a 2
Wratten 3 + 47
BEW BEW W
2402 4 4 1 10 to 14 BEW 10 nfa 2
Wratten 21 + 57
W BaW &H
2424 (Infrared 10 10 10 o B&W a n/a 3
Wratten B9R
U BEW BEW
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Surface vegetation. The ability to see plant
life contrasted against the water body
background.

Surface Reflections. Specular reflections

observed on the water surface.

Visual compatibility. The effect of scene

color and color differences in making vis-

ual density and color difference determina-
tions.

The films were graded on arelative basis: I
signifies excellent and 10 poor in any cate-
gory. Samples of the imagery are included in
Figures 3 through 5, and Plates 1 through 5.

Maximum brightness near the shoreline
(vellow in the SO-397/W3 filter image) re-
lates to the 550 nm (nanometers) in the spec-
tral sensitometric exposure or the peak water
transmittance for shallow water. Minimum
hrightness (green in the image) correlates toa
deep water peak transmittance of 500 nm.
There is little spectral change beyond a
depth of 5.0 meters. The advantage of a film
with wide spectral sensitivity range is dem-
onstrated by the range of image color.

Water bodies represent a subject of exten-
sive brightness range, from bright shallow
water to dark deep water, with minimum
brightness range in deep water making detail

N\ 3

Fic. 3.
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discrimination a problem. Color contrast and
film-process characteristic curve shape as
well as '\pl'L'lI'ill sensitivity are key factors in
effective recording over water bodies. This is
particularly true in deep water,

Water depth penetration depends highly
on spectral sensitivity, as well as image con-
trast. The problem is complex because a high
brightness, wide spectral range subject (shal-
low water) is combined with a low bright-
ness, low brightness range subject (deep
water). To record all of the subject properly,
high film gamma is desirable to separate
brightness ditferences in the low exposure
area and a wide exposure range is needed to
record the shoreline and deep water in the
same image.

The visual contrast increase inherent with
color film-filter combinations like the ex-
perimental two-laver film or SO-397 with
either 1 Wratten 12 or a Wratten 3 filter is a
significant aid when making visual analyses.

IMAGERY DISCUSSION

The two-layver experimental color positive
water penetration film with a Wratten 3 filter
resulted in magenta to nearly neutral imag-
erv. Magenta is predominant in shallow

2402 film/Wratten 64 + 2E filter image.




Prate 1. Two-layer film/Wratten 3 filter image.

Prate 2. SO-397 film/Wratten 64 + 2E filter image.




PLaTE 3. S0-426 film image.

PrLaTE4. S0O-397 film/Wratten 12 filter image.




PLaTe 5. 50-397 film/Wratten 3 filter image.

PrLaTeE 6. SO-397 spectral sensitivity data.



Prate 7. Two-laver film spectral sensitivity data,

PiraTE 8. Contrast enhanced imagery.
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water changing to neutral in greater indi-
cated water depths (minimal exposure areas).
Surface vegetation appears magenta against a
nearly nentral water background. Figure 3
shows the water penetration at depths of 10 to
14 meters,

The magenta imagery near the shoreline
correlates well with spectral sensitivity at
550 nm (Plate 7). At 500 nm the imagery is not
correlated as easilv because of the low sub-
ject brightness, The imagery is nearly neutral
(red density is 1.29, green is 1.36, blue is
1.11), but definitely not green as might be
suggested by spectral sensitometric data.
This situation results in minimal color con-
trast and color brightness variation in deeper
water.

Type 2402 film with Wratten 3 and 47 fil-
ters provides imagery with minimal density
differences at indicated depths below 3.5
meters and good density differences bevond
3.5 meters. Surface vegetation is not easily
visually discerned. Figure 4 shows the water
penetration at indicated depths of 5 to 8 met-
ers.

Type 2402 film with Wratten 21 and 57
filters shows minimal density differences at
depths under 3.5 meters, but excellent grada-

Fic. 4.
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tion at depths greater than 3.5 meters. For
deeper water this record compares very
favorably with SO-397 with a Wratten 3 filter
and may show greater density differences.
Penetration is possible at the 10 to 14 meter
depths (Figure 5). Surface vegetation is not
easily discernable.

Black-and-white infrared aerographic film,
2424, with an 89B filter provides no water
penetration. Surface vegetation may be visu-
ally diseriminated and the shoreline is easily
noted.

Infrared sensitive film with an 89B filter
would he excellent for detecting vegetation
against a water background if it is exposed
properlv. Water is opaque in the near-
infrared making the contrast easy to achieve.

These are obviously not the only films
which have a use for recording over water.,
One worthy of note is tvpe 2443, color-
infrared. Its sensitivity, color contrast and
gamma produce excellent results over shal-
low water. Type 2443 may be applied to silt-
ing studies. water-current evaluations and
oil-spill searches. Results in deep water are
not as promising because a combination of
the spectral cut-off at 510 nm of the vellow
filter required, the low film sensitivity and

R A .'.--a.:';;-i:'_'

2402 hilm/Wratten 3 + 47 filter image.
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Fic. 5.

the deep water transmittance do not permit
enongh exposure of the film.

Film type S0-397, Ektachrome EF Aero-
graphic, (4-mil base) with Wratten 64 and 2E
filters (green) provides light-green imagery.
Color contrast at all indicated water depths is
poor, the overall light-green color making
visual determinations difficult. Surface vege-
tation discrimination is not possible because
of poor color contrast. Plate 2 shows the water
penetration at 3 to 5 meter depths.

Type SO-426, a two-laver color positive
film (sensitivity similar to SO-397 red and
green sensitive layvers only), with no filter
resulted in light blue to blue imagery. Color
contrast and saturation are inferior. Plate 3
shows the water penetration at indicated
depths of 6 to 8 meters.

The two-layer (minus blue) film imagery
correlates well with subject transmittance

and spectral sensitivity, With the removal of

the blue sensitive-vellow dve-forming laver,
the vellow filter used to control residual blue
sensitivity in the lower layers apparently
loses some of its efficiency. In shallow water
at 500 nm where green is expected, the added
blue produces a cyan image. At 500 nm, low

2402 film/Wratten 21 + 57 filter image.

exposure areas, the blue imagery correlates
well with spectral sensitivity data. The addi-
tion of a Wratten 3 filter might be advisable to
correct this problem.

Film type SO-397 with a Wratten 3 filter
provides an excellent record for water depth
penetration. Light vellow predominates at
shallow (under 1.5 meters) depths, changing
to a vellow-green contrast at 1.5 to 3.5 meters
and green at depths in excess of 3.5 meters.
Color contrast is excellent at all depths, defi-
nitely superior to other films. Water penetra-
tion is possible at indicated depths of 10 to 14
meters (Plate 5) and surface vegetation is
identified with ease. Visual compatibility is
excellent for this film-filter combination.

Type SO-397 film with a Wratten 3 filter
(Plate 5) produced excellent imagery, not
only because of water depth penetration, but
also because of the spectral range (color con-
trast) in the image. The changes are observa-
ble in the spectral sensitometric image. The
colors are also saturated and brightness varia-
tions are observed easily. The presence of a
wider range of colors in the imagery offers a
better chance for color contrast to be dis-
played if subject brightness level as well as
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peak spectral transmittance are factors. The
same film with a Wratten 12 filter introduced
excessive vellow into the imagery.

Type SO-397 film with a Wratten 12 gives a
vellow to green record. Saturated, bright yel-
low predominates at depths under 1.5 meters
changing through green at 1.5to 3.5 meters to
green at depths greater than 3.5 meters. Color
contrastis good at all depths with water depth
penetration indicated at map positions of 10
to 14 meters, Figure 6. Vegetation above
water surface is imaged best by this record,
bright vellow against green water.

Poorimage contrast was exhibited by all of
the black-and-white films in shallow water
where a wider subject spectral transmittance
range was present. In deeper water, 2402
with 64 +2F filters is more sensitive than the
same film with 21 + 57 filters which have
negligible sensitivity at 500 nm. The latter
required 10x more exposure to provide good
imagery.

Type 2402 film with Wratten 64 and 2E
filters results in density differences at depths
of 3.5 meters or less that are better than other
black-and-white records. Detail discrimina-
tion is relatively poor at greater depths. Sur-
face vegetation is very difficult to discrimi-
nate and water penetration is possible at 3 to
5 meters, Figure 8.

IMAGE ENHANCEMENT

The photographic recording problem
posed by sub-water surface subjects fre-
quently results in imagery that is difficult to
analyze. Speed of the films combined with
camera shutter-aperture limitations and the
low-contrast, low-brightness deep water sub-
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ject may result in underexposure and low
image contrast. In many instances this under-
exposure is easily corrected in the photo-
graphic laboratory in the printing step by ex-
posing for and reducing positive image
densities.

A second technique, less used especially
with color imagery, is contrast enhancement.
Deep-water brightness differences are nor-
mally so small that, if combined with the
overall dense imagery, they result in little or
no observable density differences. A combi-
nation of a reduction in average subject den-
sitv and an inerease in density differences
in the imagery by factors of 2x to 8x can
result in greatly improved data. Contrast en-
hancement can achieve this.

Unfortunately, standard photographic
laboratory practices and films used for dupli-
cation do not provide much contrast en-
hancement although exposure compensa-
tions are possible. Perhaps the best solution
to this problem would be the use of a camera
film stock; Ektachrome EF, for example, can
be processed to a gamma of nearly 2.0, dou-
bling whatever density differences were
inherent in the imagery.

This  capability  lies within  most
laboratories. The expense should be approx-
imately that of making a duplicate transpar-
ency and the technique may be applied to
entire rolls of films. The results in Plate 8 are
typical of'a 2x contrast enhancement of deep
water imagery.

Further, where a close relationship exists
with the processing laboratory, properly
selected filters in the printing of color imag-
ery can also increase image density differ-
ences.

Digitizing and computer manipulation of
imagery, color reconstruction of black-and-
white imagery, dissection of color imagery
and isodensity contouring of imagery are ad-
ditional enhancement techniques worthy of
investigation. Unfortunately, these tools
have inherent limitations of cost, time re-
quired or equipment availability which
may limit their usefulness to a few frames. At
the same time, application of laboratory con-
trast enhancement, print exposure and filtra-
tion may vield the best results.

CoNCLUSIONS

The following are concluded from this
evaluation of nine films for water depth
penetrating ability overatypical subjectarea.

* S0-397 (Ektachrome EF Aerographic Film on

a 4-mil base) with a Wratten 3 filter for atmos-
pheric haze reduction produced the best over-
all imagery for water depth penetration at all
depths. The wide spectral sensitivity (450 nm
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to 650 nm) of this combination make it an ex- studies. Color contrast is a definite aid in vis-
cellent choice for recording over bodies of ual analysis of water surface and subsurface
water at this altitude. detail. It also provides a much better image of
» Water depth penetration ability of the Kodak shallow water areas.
experimental color film with a Wratten 3 filter *» Imagery shows that deep water subsurface de-
was comparable to SO-397 with a Wratten 3 tail discrimination depends on photographic
filter, but its color contrast (magenta and near exposure and contrast. Subject spectral range
neutral) was not as good. is small and subject brightness and brightness
* SO-397 film with a Wratten 12 filter was best ranges are low, requiring higher contrast and
for differentiating surface and subsurface veg- film speed.
etation. l|]'|;|ge|"\' ])r()(]ucud _\-'e”uw surface * Serious consideration should be given |'Iif_.’.]l-
vegetation contrasted against a green water contrast printing and exposure compensation
h;u’kj.{rullnd, as image enhancement tools for dt‘(-p water
* Color film imagery was superior to black- penetration.
and-white imagery where a wide subject spec- * As additional films or film-filter combinations
tral range was present; e.g., shallow vs. deep with potential for aerial recording are availa-
water, and surface vs. subsurface vegetation. ble, they should be evaluated and reported on.

*» Type 2402 (Kodak Plus-X Aerographic film)

with Wratten 21 and 57 filters was the most REFERENCES

effective black-and-white film. Its ability to 1. A two-layer color positive film as proposed by
diseriminate deep water subsurface detail was Gaylord A. Helgeson in February 1970,
equal to SO-397 with a Wratten 3 filter. Photogrammetric Engineering, “Water Depth
* Type 2424 (Kodak Infrared Aerographic Film) and Distance Penetration” (and produced by
with a 89B filter defines shoreline well. Water Eastman Kodak Company), 36(2):164-172.
is a4 poor transmitter of infrared and produces 2. The 2-layer color positive film was described
no exposure on infrared film producing a clear in an April 1973, Photogrammetric Engineer-
diserimination between it and the beach or ing paper, “New Color Film for Water Pene-
shoreline. tration,” by M. R. Specht, D. Needles, N. T,
* Color film should be included in water body Fritz, 39(4):359-369.

Change in Name of Magazine

ne soard of Direction of the American Society of Photogrammetry voted on Septemberl1,
1974 to change the name of its journal to Photogrammetric Engineering and Remote
Sensing to become effective with the January 1975 issue.
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