


Cover:

This anaglyphic stereogram was made from 1:60 000 black-and-white
aerial photographs showing the confluence of the South Nahanni and Flat
rivers in Nahanni National Park in the Northwest Territories (Prints
13-14, Roll A 17428) (NTS 95-F/I I).

A three-dimensional effect can be observed by viewing this anaglyph
through the spectacles inside the back cover. The spectacles should be
held such that the blue filter is on the left. Direction Mountain, between
the two rivers, rises about 400 m above water level.
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Abstract

A method is described for producing color ste
reograms from conventional black and white
aerial photographs. It is based on the anaglyphic
principle of binocular vision, in which the two
components of a stereo-model are superimposed
in complementary colors to provide a lhree
dimensional effect when viewed through corre
sponding color filters. The working procedures
involve the alighment of stereoprints, exposure
through complementary filters on color film and
prinl-ing of superimposed images. Also described
is the preparation of two-color viewing spectacles
from a commercially available material.
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Resume

On decrit une methode d'oblention de stere
ograI11l11es en couleurs a partir de photographies
aeriennes traditionnelles en nair et blanc. La me
thode se fonde sur Ie principe de I'anaglyphe par
lequel les deux images d'un modele SQnt super
poses en couleurs complementaires pour donner
un effet de relieflorsqu'elles sont vues au travers
de filtres en couleurs cOl11plementaires. La reali
sation com porte l'alignement des cliches stereo
scopiques, leur exposition a travers des filtres en
couleurs complemenLaires sur un film couleurs
et Ie tirage des images superposees. On decrit
aussi 1a preparation de lunettes deux couleurs a
partir de materiaux vendus dans Ie commerce.



Introduction

Stereoscopy is a fundamental attribute of aerial
photography that permits the recognition and
precise measurement of objects on a three
dimensional visual model produced from two
images. The stereoscopic effect results from the
merging of dissimilar images of an object seen by
each eye, causing the object to be perceived in its
actual shape and to assume a relief appearance
(Wright 1954).

Three-dimensional viewing has many practical
applications in photogrammetry and air photo
analysis. Stereograms are particularly valuable in
such fields as terrain analysis, resource survey,
or the training of photointerpreters.

Such stereograms may be presented as conven
tional (mounted) stereograms or as anaglyphs.
Conventional stereograms are made from black
and-white or color stereoscopic prints, properly
oriented and permanently mounted for viewing
through a folding stereoscope. Anaglyphs are ste
reograms in which two views of a black-and-white
stereoscopic pair are superimposed in comple
mentary colors (usually red and blue-green) and
viewed through corresponding color filters. This
superimposition permits the viewing of the
entire area of a stereoscopic pair on a single print
or slide. Also, anyone with binocular vision can
perceive a three-dimensional effect without any
previous training in stereoscopy.

Although conventional stereograms are a regular
part of the technical literature on photo interpre
tation, anaglyphs are not as common. Because of
the rather complicated color processing involved
in their preparation, the use of anaglyphic prints
was for a long time limited to all occasional two
color plate in some textbooks to emphasize the
value of stereoscopy in topographic mapping and
forest surveys (Breed et al. 1938; Rubner 1942),
or in commercial brochures to advertise ste
reoscopic instruments or services. Interest in
anaglyphs was revived in the 1950s. With the ad
vances in color processing technology, several
experiments were conducted in Europe and the
United States to develop less expensive tech
niques for producing anaglyphic prints, which
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would permit their widespread use as a photoin
terpretation tool.

Anaglyphic stereograms are still considered spe
cial illustrations and are produced mainly for
technical reports intended for limited circulation.
In many cases, for example in the description of
regional landforms (MacLean 1973), integrated
survey of biophysical resources, or as visual aids
in photo interpretation (Gimbarzevsky 1977,
1978; Gimbarzevsky et al. 1979), anaglyphs have
been found superior to con ventional Slereo
grams.

This report describes a simplified "in house"
method for preparation of anaglyphic ste
reograms and the color spectacles for three
dimensional viewing of anaglyphs using widely
available equipment and materials.

Historical background

Appreciation of the ability of human vision to see
in three di.mensions is not new. The Greek math
ematician Euclid (300 Be) knew that the merger
of the dissimilar images of a sphere or globe seen
by each eye caused the sphere to be perceived as
round and assume a relief appearance. Leonardo
da Vinci (MacLeish 1977), recognized that the
reason his masterpieces never showed a relief
equal to that of natural objects was the dissimi
larity of images seen by each eye.

This physio-psychological phenomenon of relief
afforded by binocular vision led to fUrlher in
vestigations and inventions of means for three
dimensional viewing: a reflective stereoscope in- .
vented by Wheatstone in 1838, a refractive ste
reoscope by Brewster in 1844, a twin lens ste
reoscopic camera by Brewster and Quinet in
1847, and in 1853 the anaglyphic system
(Rollman 1853; D' Almeida 1858). The ana
glyphic system was incorporated into the design
of optical instruments for plotting frnm aerial
photographs. In 1917, a patent for the stereoscop
ic projection by the anaglyph method was issued
to Ernermann (Gruber 1932). Anaglyphic prints



were often used as illustrations in German and
French scientific papers, textbooks, and in pam
phlets describing the use of photogrammetric
instruments. The first known commercial use of
anaglyphs in the United States of America was a
typographic advertisement in the December 22,
1860 issue of Harper's Weekly.

With the increased use of aerial photography for
photo interpretation and mapping, the interest in
anaglyphs was revived in the 1930s and 1940s.
German technical literature of that period covers
various aspects of this system such as the produc
tion of anaglyphic stereograms (Martin 1934),
the mathematical derivations of constructed
anaglyphs (Graf 1941), application of the ana
glyphic principle in the rectification of aerial
photographs (Cziszar 1942), or use of anaglyphic
prints for presentation of three·dimensional ter
rain features in the preparation of stereo-mosaics
(Brucklacher 1950; Burkhard 1950).

General principles of
anaglyphic viewing

To obtain a three-dimensional effect, images
must be separated so that one of the photographs
in a stereo-pair is visible to one eye only and the
other is visible to the other eye. This separation
may be achieved by simply placing a piece of
cardboard between the eyes, by the use of a ste
reoscope, or by viewing through color fillers.
The human eye is sensitive to light with wave
length from 400 to 720 millimicrons (011-'). Maxi
mum sensitivity occurs at about 560 mj.L, separat
ing the red (over 560 011-') and the blue-green
(400 to 560 011-') spectral regions. By using two
filters - one to cut off all light with a wavelength
over 560 011-' and the other to cut off all light with
a wavelength under 560 011-' - the two images of
an anaglyph are separated into blue-green and
red components. In practical application of this
anaglyphic principle, a three-dimensional model
is perceived when a stereoscopic pair of black
and-white photographs, printed or projected in
two different colors (usually red and blue-green),
is viewed by placing a corresponding filter over
each eye. The image observed by each eye is
fused with the image observed by the other eye
to produce the optical illusion of three
dimensions.
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Preparation of anaglyphic
stereograms

Previous Work

Spurr 0952, 1953) described two methods for
producing anaglyphic transparencies using sub
tractive three-color film, which was commercially
available at that time and the No. 21 (mono
bromonuoresceine) and No. 39 (duplicating) fil
ters as both exposing and viewing filters. In the
first method a standard copying camera was used
10 register the two components of a stereo-pair
on the copy holder and successively the left-view
and the right-view images through their respec
tive filters, on the same sheet of film. In the
second method, the left-view and the right-view
images were exposed simultaneously, each
through its respective filter, in superimposition
on a single sheet of color film. This method em
ployed a standard camera and an optical device
which, by means of a split beam mirror and a
lotal reflecting mirror, superimposed the two
images at the film plane.

Kasper (undated) described the production of
anaglyphs on Agfa anaglyphic paper. This double
coated color printing paper for the complemen
tary orange-red and cyan-green colors was ex
posed through the Agfa Foil No.8 (red) and
Agfa Foil No. 562 (cyan-green) complementary
filters.

Kodak Linagraph 705 paper was also used for
anaglyphs (Kodak - undated) by exposing stereo
negatives through complementary Wratten fillers
(No. 34 and 12). This special product was manu
factured by Eastman Kodak in the 1960s but was
discontinued in 1974.

Theis (959) used a stereo plotting instrument
(the Bausch and Lomb Multiplex plotter) to
record the projected anaglyphic stereo model
directly on a color film. Good quality anaglyphs
were obtained by making separate exposures for
each projector on orthochromatic topo-base film
placed 340 mm under the oriented model. The
individual pieces of film were oriented properly
by means of registration marks, photographed
using a half-tone conlact screen, and printed by
the rub-on process.
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o
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Lefl-hand print Righi- hand print

Figure 1. Orientation and marking of a stereo-pair.

More recently, Zeiss (970) described the
mounting of stereopairs for making the color
offset plates, and provides information on print
ing inks and anaglyph spectacles.

In Canada; Maclean (1973) made anaglyphic
prints from 35-mm color slides by double-expos
ing the stereoscopic pair of black-and-white
photographs through red and blue filters. The en
larged anaglyphs were used in full-page illustra
tions in technical reports prepared by his consult
ing firm. In 1976, Maclean established Interna
tional Anaglyphs Ltd', probably the only com
mercial laboratory for the production of ana
glyphic prints and slides in Canada.

Anaglyphs and viewing spectacles were prepared
experimentally by the author in the early 1970s at
the former Forest Management tnstitute in
Ottawa. A large-format copying camera was used
to expose the left and right black-and-white ste
reoscopic prints on separate sheets of Ekta
chrome film. The two positive transparencies
were superimposed to form an anaglyph. The red
and green viewing spectacles were constructed
by placing cellophane pieces into a paper frame.

Working Procedures

Regardless of the method used for the construc
tion of anaglyphs, the resulling print or trans-
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parency is basically a superimposition of the two
components of a stereo-model registered in two
complementary colors. This method involves
three steps: a) alignment of stereo-pairs; b) expo
sure through complementary filters on color
film; and c) film processing and printing.

a. Alignment of stereo-pairs.

1. Select good quality, high contrast black
and-white stereoscopic prints (the
stereo pair).

2. Mark principal points (pp) on the right
(ppR) and left (ppL) stereo compo
nents. (The principal point is the exact
centre of the photo, corresponding to
the optical axis of the camera.)

3. Using a lens stereoscope, transfer the
principal point from the right-hand
photograph (ppR) to the left-hand print.
The resulting point on the left-hand
print is (CppR). Repeat the procedure
for the left-hand principal point (ppL).
(Figure I).

4. Place both prints on a 30-x 50-cm nat
surface such as a piece of cardboard or
strong plastic.

5. Tape the left-hand edge of the left-hand
print with masking tape near the lefl
hand outer edge of the cardboard mak-
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Masking lapp.

:::

Stereo-model
(superimposed)

-----------------: ~

: ~. Masking tape

: ~
: Transparent overlay ~

I , ~
: ~: ~

_. CppR •

~ ppR I ~

"",.... ".,,: , .. ~
~
~

Flight line on the overlay~

I
Left-hand photograph Righi-hand photograph

Figure 2. Orientation and mounting of stereoscopic prints.

ing a hinge-like connection which will
allow the print to be turned left like a
book page without disturbing the align
ment (Figure 2).

position of ppL (marked on the over
lay), and ii) the points CppL and ppR
(on the right-hand prim) and the point
ppL (as marked on the transparent over
lay) lie in the same straight line.

6. Allach a transparent overlay of clear
acetate, about 10 em wide and 30 em
long over the left-hand print. Tape the
left hand edge of the transparent overlay
to the cardboard.

10. Without moving the right-hand print,
tape the right-hand edge of the right
hand print to the cardboard, making a
hinge-like connection as in step 5.

7. Draw a line on the transparent overlay
joining the principal point (ppL) and the
point transferred from the right-hand
print (CppR). Extend this line some 15
em to the right ofCppR.

8. Mark on the overlay the exact location
of the two points ppL and CppR.

9. Place the right hand print under the
overlay such that i) the point CppL (on
the right hand print) coincides with the

II. Mark on the overJay the exact location
of ppR. There will be a distance of sever
al millimetres between this new point
and the location of the point CppR on
the overJay marked previously from the
left-hand print (Figure 2). This distance
between the principal and the conjugate
principal poiI1ls indicates the required
displacement of the superimposed
anaglyphic model.

12. Remove the acetate overlay.
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b. Exposure through complementary filters.

The following equipment is required:

a camera with a provision for making
double exposure on the same frame
without advancing the film

color film (negative or positive)

red and blue filters (may be made from
the same material to be used for making
viewingspectacies - see page 12)

copying stand (or tripod)

adequate illumination

1. Attach the camera to the vertical
column of the copying stand (or tripod).

2. Place the cardboard with two prints on
the copying stand base (or on the wall
facing the tripod mounted camera).

3. Align the right-hand print and the
camera to photograph the portion of the
right-hand print which overlaps the left
hand print (the stereo component).

Note: It is important that the prints and the
camera not be moved until both expo
sures have been made.

4. Before attaching the red filter over the
camera lens, adjust the camera for focus
and sharpness.

5. After attaching the red filter over the
camera lens, determine and set the re
Quired f-stop and exposure time.

6. Make the first exposure. To prevent any
accidental disturbance of the camera the
use of a cable release for the shuller is
recommended.

7. Remove the red filter and cock the shut
ter without advancing the film.

8. Flip the right-hand print (to the right) to
uncover the left-hand component of the
stereo-pair.
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9. After attaching the blue filter, determine
and set the required stop and exposure
lime.

10. Make the second exposure and advance
the film.

In the initial stages, some experimentation will
be required to determine the best settings and
illumination. The same stereo model may be pho
tographed several times keeping notes on lhe set
tings used in each exposure for reference.

c. Film processing and printing.

Color film is most economically processed by
a reputable commercial laboratory. The se
lection of color film depends often on the
type of the camera. Both color negative and
color positive films give good results. The ad
vantage of color negative film is that it is less
expensive, and may be processed in a rela
tively short time, providing negatives and
color prints.

Examples of two single exposures of a stereo
model through a blue and red filter are
shown in Figure 3. When placed side by side,
the two prints resemble a conventional ste
reogram and may be viewed under a lens
stereoscope. Kodak color negative film was
used in a 35-mm single lens renex camera.
Because the exposure was done through the
red (right) and blue (Ieft) filters, both prints,
which are copies of black and white aerial
photographs, show a slight coloration. The
same stereo-model with a superimposed left
and right stereo-components is shown in
Figure 4. When viewed with complementary
color spectacles, made from the same mate
rial that was used for filters to make a double
exposure, a similar stereo·effect is observed
as in stereogram on Figure 3.
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Figure 3. A Conventional Stereogram

A stereo-pair of black-and-white prints exposed on separate frames of
35-0101 color negative film through complementary color filters- blue
(left) and red (right).

Figure 4. Anaglyphic Stereogram _

Two components of a stereo-model superimposed in two colors (blue
and red) on a single frame of a 35-0101 color negative film. A lhree
dimensional effect is observed when this anaglyph is viewed through
complementary (blue and red over the left and right eye respectively)
filters.





Preparation of Viewing
Spectacles

The stereoscopic effect of an anaglyph may be
perceived only by viewing through complemen
tary color filters. The commercially available
spectacles made of a high quality red and blue
optical glass, such as the glasses used by the oper
ators of stereo-plotting instruments, are ideal for
the stereo viewing, but rather expensive. They
may be substituted by inexpensive spectacles
made of transparent plastic.

Material

For general lise, the cOlllmercially available
transparent red and blue (or green) cellophane
foil, or "one thou" (0.001") thickness transpar
ent vinyl, is suitable. The same material may be
used for the exposure fillers. To test jf the mate
rials will provide a proper color separation, join
the red and blue (or green) transparent sheets
and place them over a photographic print or a
white paper. When superimposed, the two colors
should completely obscure any detail on the prinl
and the white paper underneath should look
almost black.

Preparation

Depending on the thickness of the transparent
material the following two methods may be used.

a) Cellophane foil

This transparent, strong and waterproof
material is available in several eolars.in 50
em-wide rolls or sheets. Because it is very
thin, a paper frame is required to hold the
color filters in place. If many spectacles are
required, a special die could be made for pro
duction of spectacle frames. The red and
blue-green filters ?ore cut into 4-cm x 5-cm
sections and then pasted into the paper
frame, as illustrated in Figure 5.

b) Transparent vinyl

This material is also commercially available
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in plastic or hobby shops. It comes in several
thicknesses and colors. The "one thou"
(0.001") vinyl is quite strong and can be
used without a frame. The spectacles may be
made by simply joining red and blue pieces
with plastic glue. This material provides a
very good color separation and is recom
mended for the exposure and viewing filters.
A sheet of this material (50.8 em x 127 em)
costs about ten dollars and a pair of spectacles
can be made for about IO~. To make the
viewing spectacles, the sheets are first cul
into 6.5-em-wide strips, these red and the
blue strips are joined with vinyl bond glue,
and cul into 4.5-cm-wide red-blue spectacles.

Quality control

The technique is simple and good anaglyphic
prints or slides may be made at low cost. The
quality of the resulting anaglyphs depends largely
on the quality of the stereo-pairs of black
and-white photographs, alignment of the stereo
model, illumination, camera, exposure filters
and viewing spectacles, color film, and printing
technique.

The selected pair of black-and-white aerial photo
graphs should be sharp and rich in contrast.
Under-exposed or flat prints will give weak
anaglyphs.

Particular attention should be paid to an accurate
alignment of the stereoscopic pair. Principal
points should be marked on the prints and on the
transparent overlay with utmost precision, and
these should be checked before and after taping
them to the cardboard base.

Adequate illumination is required to obtain
sharp and brilliant anaglyphic prints or slides.
The required exposure time for daylight or flood
lamp illumination should be measured through
the lens with the color filter attached. If an
electronic flash unit is used, it may be placed 1.5
- 2.0 m from the prints to be photographed, at a
45° angle, with the appropriate filter over the
light source. However, the setting of the lens
f-stop and exposure time should be determined
by preliminary tests (MacLean, 1982).
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Fold here

Spectacle frame

Cellophane foil Cellophane foit

(blue) (red'

Figure 5. Templale for viewing spectacles.



A 35-mm, or larger formal camera, Wilh a good
quality lens and a provision for making double
exposure on lhe same frame is required for the
exposure of a stereo model. Larger format
cameras, particularly older cameras, with a
Compur-lype shuller, are preferred because they
provide a larger size negative and have a built·in
provision for multiple exposure. The popular
35-mm single lens reflex cameras generally have
a precise optical system which allows sharp focus,
but, except for some older cameras, only the
more expensive models can make the required
multiple exposures. The anaglyph shown in
Figure 4, for example, was exposed with a
35-mm Olympus OM-I. It has only a partial
multiple exposure feature, which permits wind
ing of the shUller without advancing lhe film by
holding the rewind bUllon. The anaglyph on the
cover was made with an older, larger-format
camera, equipped wilh a Com pur shuller.

Color filters (red and blue or green) are required
for both producing and for viewing anaglyphs.
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The Wrallen No. 26 (red) and Wrallen No. 55
(green) provide good results. Since lhe exposing
and viewing fillers should be identical, and the
Wratten filters are too costly to be used in view
ing spectacles, the transparent "one-thou" vinyl
material is an inexpensive and adequate substi
tute. Such spectacles are inexpensive, unbreak
able, and may be conveniently placed in an enve
lope at the back cover of a publication containing
anaglyphic illustrations,

Both lypes of color film - color-negative (print
film) and color posilive (slide film) may be used
for lhe produclion of anaglyphs (Kodak 1976).
The first provides negatives, which call be en
larged to inexpensive prints of a desired size,
(aboul 50¢ for a 10-cm x 15-cm print, as illustral
ed in Figure 4 and on the cover). The positive
film provides 35-mm anaglyphic slides lhat may
be projected on a screen for group viewing. The
slides may be used to make color prinls or color
separalion plates for publication.
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