






















































































Situation Indicator.

Flitefix Pictorial

Figure 1.

INDICATOR

CONTROLS

Decca Systems.

Roller chart of General Precision,

Figure 2.
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INDICATOR CONTROL CONSOLE

Figure 3. "TOPOMAP" produced by Computing Devices of Canada.

PANEL FOR ROTARY
CHART EXCHANGE AIRCRAFT MARKER

ACCESS DOOR ; \\ SCREEN

TWIN LAMP SLIDE : .
(AND ZERO RESET) HEADING SCALE

Figure 4. Front panel display unit of the AN/APA-115 of ITT Gilfillan.
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MK II - HSD

Figure 6. ITT Gilfillan Mk II Horizontal Situation Display face.

ROTATING PRISM SYSTEM — —— — CRT PROJECTOR
— — — CHART DRUM
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CHART
PROJECTOR —.__

SERVO
RETICLES

A

SPARE | LAMP T LAMP

| |- CENTERED DRUM POSITION -
+— —— - EXTREME DRUM POSITIONS

Figure 7. Optical system of ITT Gilfillan Mk II Horizonfal Situation Display.
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Figure 8.

Figure 9.

Varieties of chart format.

I1lustration of chart overlay technique.
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Figure 11. Chart camera system of Latady Develonment Co.
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DESIGN AND COLOR IN CARTOGRAPHY

Thomas R. Yanosky
Cartographer
Army Map Service

The celebrated etching by Rem-
brandt, entitled "Christ Healing the
Sick," is shown below. Let's disre-
gard, momentarily, the subjective
aspect of the print so that we can
make an objective analysis of its de-
sign structure. At first glance, the
composition appears merely to be a
crowd of people in a gloomy architec-
tural setting. Upon closer scrutiny,
we see that the figures are disposed
upon a definite network of geometrical
patterns. Lires radiate from Christ,
whose face is tha focal point of in-
terest. The main group of subjects is
arranged to form th: ciassical trian-
gle; smaller groups Jc<fine lesser tri-
angles and relate to iie whole. The

interplay of diagonal and lateral tran-
sitions create a rhythmic flow that
guides and delights the eye. Sensi-
tive drawings, delicate grays changing
from light to luminous darks, and, we
must not overlook, the penetrating
empathy of the artist, are some of the
qualities that make this etching a
monumental work of art.

The print illustrates, very dra-
matically, the expressive force of
sound, basic design. It proclaims,
most eloquently, those qualities that
are essential to the design of a force-
ful instrument of visual communica-
tions. In a subtle way, the etching
hints at the effect, on the designer,
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Figure 1. The appearance of the moving map display.

Figure 2. The mechanization of the moving map display.

79




























-

Figure 1.

Figure 2. Topographical

Topographical Navigation Display No. 1. 1959,

Navigation Display No. 1. 1959.

88

Interior

Exterior,

| SO0 SR Y——




Figure 3. Topographical Display No. 2. 1960. Interior.

Figure 4. Topographical Display No. 2. 1960. Exterior,
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data sources hitherto used only to
present latitude and longitude values.

The elimination of plotting, the
reduction in work load and the contin-
uous availability of a present posi-
tion indication without time lag in a
readily interpretable form in relation
to all surrounding geographical fea-
tures were all substantiated.

The ability to anticipate and to
make good desired points was generally
appreciated. Scale changing as a
means of looking farther ahead proved
to be a valuable facility, and at
lower levels, the presence of hypso-
metric tints was favored.

Except at low level (250-500 ft),
the standard 1:500,000 topographical
charts employed were reasonably satis-
factory for general navigation. At
low level and in terminal areas, a
larger scale such as 1:250,000 was
preferred.

Both pilots and navigators pre-
ferred a North-stabilized presentation
at heights above about 2,500 feet, but
for pilot use at low level the prefer-
ence for track-stabilized presentation
was unanimous.

A separate, low-level trial
was mounted for evaluation as a pilot
aid in the front seat of a Canberra
PR-7 aircraft. Dashboard installation
was not practicable, but the display
was mounted to the right of the pilot
and facing upward as shown in Figure
6. The pilot was not required to ad-
just the instrument, which was moni-
tored by a navigator in the rear. Ex-
perience was obtained in the height
band 250-500 ft in this aircraft at
speeds of up to 450 knots. Prelimi-
nary simulator tests had indicated
that it was possible to interpret the
display under these conditions, the
time interval between the pilot being
asked his position from the display
and his reply being approximately 3
seconds.

This aircraft was flown by nine
pilots, all of whom had low-level ex-
perience and three of whom were opera-
tional photographic reconnaissance
unit pilots. There was a unanimous
finding that the display could be use-
fully interpreted under these condi-
tions. To quote one pilot, "The pilot
could navigate with an accuracy which
at low level could only be improved on
when flying carefully preplanned
routes over easily identifiable fea-
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tures. The ability, on sortie, to fly
for an hour and twenty minutes over
Germany (the pilot's first visit to
Germany) at low ievel without any
doubt about one's position to within
one or two miles (and with a much less
error after seeing landmarks), and
being able to explore and divert in
any direction at will, shows that
there is great potential for this
equipment in the role of a pilot navi-
gation aid for high-speed flying."

The property of anticipation,
operating in a track-stabilized mode,
proved to be the most valuable feature

of the display in the low-level trials.

The mode of operation was generally to
look ahead up the track line on the
display for some feature, preferably
of an across track character, its dis-
tance on the display being estimated
by the graduations on the track line.
The pilot, knowing his approximate
groundspeed, would then watch for this
feature approaching and would check as
he passed over it.

It was however in the low-level
case that the characteristics of the
normal topographical maps used were
most criticized. Many of the pilots

Figure 6. Experimental front instal-
lation of dispiay in Canberra PR-7
aircraft.







stored on microfilm.

THE MICROPHOTOGRAPHY OF MAPS

Development of the technique of
microfilming map areas in color has
proceeded in parallel with development
of the displays. 1In this application,
in addition to the normal problems
associated with microfilming, the re-
quirements for an image of high reso-
lution over a large field at a precise
scale with minimum distortion impose

ki
5

Figure 7. Microphotographic copying
stand for map sheets.
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severe demands upon both the copying
objective and the film material.

At the commencement of the work
in 1959, the resolution of available
color film was the principal limiting
factor, the best results being obtained
with reversal positive color film of
the integral tripack type, demanding
professional processing which gave a
resolution of about 55 lines/mm. Re-
production by duplication was not
satis'factory and each film strip was
an original. Efforts were therefore
made to expedite the handling and
copying of the maps as far as possible.
The copying stand constructed for this
purpose is illustrated in Figure 7.
The maps are dry mounted in a hot
press on cards and are aligned by datum
marks on a suction easel. Copying is
effected by electronic flash using a
precision 35mm sequence camera with
solenoid-operated shutter and motorized
film transport Using this stand it
was possible to produce a strip of 140
frames similar to Figure 5 in 55 min-
utes, and production quantities were
so produced.

Improvements in resolution of sub-
tractive color films designed for
amateur use during recent years, which
achieve about 70 lines/mm have also
been associated with an increase in
contrast range in order to permit a
greater margin for exposure error.

This produces a lower contrast result
unfavorable to the copying of maps,
which are low-contrast subjects.

The recent development of European,
slow, high-contrast, subtractive, color
negative, film materials with a high
resolution approaching 200 lines/mm
has made it possible to produce film
strips on color negative processed by
the user in a single color development,
and to reproduce by contact printing
onto the same material, with acceptable
resolution and with accentuation of
original contrast and color saturation.

The establishment of a viable re-
production technique has greatly im-
proved the logistic problem of pro-
ducing and supplying film strips. A
printing fixture developed for contact-
printing complete film strips with a
single exposure is illustrated in
Figure 8. The cylindrical printing
frame, eight feet in diameter, accepts
a 25-ft strip wrapped around its cir-
cumference. The curvature assists
contact between negative and positive
film, but is slight enough to minimize
longitudinal scale errors. The negative
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and positive films are backed by a
rubber strip stretched over the back
of both. Printing is effected by a
single, central, strip-filament lamp
in the center which is collimated by
an annular plano-convex lens. A com-
plete strip is printed in approxi-
mately 8 seconds.

A wide measure of control of
color balance is possible with the
color negative printing method by sub-
tractive filtration of the printing
light source.

Scale and distortion can be con-
trolled in the microphotography of
maps within 0.1%. The major source of
error to date lies in scale variation

of the originals when printed on paper.
If the technique is to be widely used,’

the printing of a limited number of
proof copies on a more stable base is
desirable and appears to be techni-
cally feasible.

Figure 8. Printing fixture for 35-mm
color negatives.

COMBINED MAP/CATHODE-RAY TUBE
DISPLAYS

Combination of the projected map
image with the image of a cathode-ray
tube has been examined both with the
aim of superposing a radar picture of
the terrain on the topographical pic-
ture and of exploiting the flexibility
of the CRT as a medium for writing
symbols or information compatible with
the map image such as markers, track
demands, etc. The second facility
aims at meeting a limitation of the
projected microfilm type of display
compared with devices using paper maps.
This is the difficulty of editing or
making ad hoc markings on the map
material.

The problem is complicated by the
fact that the phosphor persistence
times required for radar and symbols
differ. Using small bright CRTs of
the type used in the head-up display,
it is possible to project these using
a subsidiary high-aperture objective
with a magnification of about 3x and
to mix with the projected map image on
a translucent screen to give images of
sufficient brightness to be readily
distinguishable against the map image.
This requires an image brightness on
the face of the CRT of approximately
15,000 foot-lamberts on a two-inch
diameter tube. Displays of this type
have been constructed for closed-loop
operation from a digital computer in
which control of the electronically
generated symbols is managed by the
computer. CRTs of this high order of
brightness having a persistence time
suitable for radar display have not
been available, and for radar/map
mixing projection onto a translucent
screen has been abandoned for bright
field viewing systems using field
lenses.

The system is illustrated schemat-
ically in Figure 9. A first projected
image of the map microtransparency
A'B' and the face of the cathode-ray
tube are both imaged by the high-
aperture transfer lens to their final
viewing diameter in the plane of the
field lens system A2B2 with a magnifi-
cation of 2-3x. The field lens, A2B?
projects the effective aperture of the
transfer lens in the plane of the
user's eye with a magnification such
that the exit pupil is approximately
six inches in diameter, which permits
binocular vision with a few inches
permissible head freedom.

Since both the primary map image

94











































somewhat larger than the terrain dis-
played. Therefore, the subject had to
search for the targets on the chart

" and on the imagery.

A surprising result was, the dif-
ferent approaches to briefing had no
significant effect on performance. The
mean detections for the four conditions
were 54.8%, 5:.2%, 56.0%, and 57.0%.
Not even the false positive responses
(calling a non-target a target) were
significantly different 35.3%, 28.%.,
28.3%, and 27.7%.

False positives pose serious prob-
lems. Many irrelevant radar returns
s2em to resemble targets closely
enough to elicit responses. Under the
conditions of this study, even the use
of the charts failed to reduce them.
This could have been because the tar-
gets themselves were difficult and
also that the subject felt he had to
guess. One aspect of the chart/imagery
relationship probably contributed to
the false positive rate. Some targets
appeared only on the imagery, some
only on the chart.

STUDY II

The second study included vari-
ables of simulated velocity and brief-
ing levels. The briefing materials
consisted of a five-inch wide trans-
parent film strip equal in length to
the radar strip. Imprinted on the
strip was the following information:
(1) the distance flown in 8.5 nm in-
crements; (2) the target type; (3) the
flight distance to the target from the
beginning of the flight; (4) the range
to the target in nm from the left edge
of the imagery; (5) a target cue mark
indicating the position of the target
on the imagery. This mark was on the
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transparent film. The simulated veloc-
ities were 600 knots, 1800 knots, and
3000 knots.

The side-looking radar (SLR) strip
covered an area of terrain approxi-
mately 800 nm long and 25 nm wide.
This original strip was divided into
three strips imaging approximately 270
nm of terrain. To avoid any memory
effects, no subject saw the same strip
twice.

Twenty-one targets (airfields,
dams) were imaged, seven on each strip.
The three briefing levels and veloc-
jties were varied systematically so
that each strip, briefing level, and
velocity were equally represented.
Briefing level I had no location in-
formation given. It was, in effect, a
basic target recognition task. With
just the fact given that airfields and
dams were present and the task was to
find all of them, the subjects aver-
aged 3.0 (42.8%) detections per strip.
The targets had been on the screen an
average of 22 seconds before they were
found. For this condition, the sub-
jects also averaged 6.0 false positive
responses, 66.9% of the responses for
level I. These false targets were on
the screen an average of 38 seconds
before a response was made to them.

Briefing level II was the lower
level of location information. By
providing an indication of the dis-
tance of the targets along the flight
path and the range to the target, the
average detections increased to 4.3
(61.4%). The time to detect these
targets increased, however, to 30
seconds.

Since the subject knew wnen a
target was present, he responded only
at that time. A false positive

TABLE 1
Response Summary: Study I

Prior Use Use Prior, No

Use During During Chart
Percent Detection 54.8 55.2 56.0 57.0
Percent False Positive 35.3 28.8 28.3 27.7
Average Distance Traveled
Before Detection 2.9 2.9 3.6 2.9
Average Distance Traveled
Before False Positive 5.5 5.7 4.0 4.4
Response
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Figure 1. Current navigation display.

Figure 2. Basic-six cockpit display arrangement.
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