B. RECTILINEAR PLAYBACK WITH DISTORTION ELIMINATED

FronTtispece. Conventional and rectilinear playbacks of imagery with 120° scan angle recorded on
magnetic tape. 8-14 pm nighttime imagery at 4,000 feet above terrain.

Froyp F. SABINS, Jr.
Chevron Oil Field Research Co.
La Habra, Calif. 90631

Recording and Processing
Thermal IR Imagery

Normal production imagery may contain defects or irregularities
caused by aircraft motion, weather, electronic noise and processing

problems.

(Abstract on page 840)

INTRODUCTION

PBEVIOUS papERS have described applica-
tions and interpretations of thermal IR
imagery (Sabins, 1967, 1969). A recent pa-
per by Sabins (1973) described methods of
flight planning and navigation for these sur-
veys. Relatively little attention has been given
to the recording and processing methods for
obtaining optimum imagery. By processing
we mean the conversion of scanner magnetic
tape records into film imagery. This is the
manner in which most imagery is produced
today. Some computerized imagery process-
ing has been described, but we are concerned
with direct tape-to-film methods.

Most remote-sensing papers, including my

own, are illustrated with the highest guality
imagery available. Normal production im-
agery, however, may contain defects or
irregularities caused by aircraft motion,
weather, electronic noise and processing
problems. Experienced workers recognize the
cause and prevention of these irregularities,
but students and new workers lack this back-
ground. Examples of common imagery ir-
regularities are illustrated here together with
a discussion of their cause and prevention.

IMAGE RECORDING AND RECTILINEARIZATION
MAGNETIC TAPE RECORDING

The development of magnetic tape record-
ing and playback methods has greatly im-
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ABsTRACT: Thermal IR scanner imagery was formerly recorded di-
rectly on film, but most modern scanners record on magnetic tape
which is played back onto film. The tapes may be replaved to obtain
correct image scale and optimum contrast and density. The imagery
may be rectilinearized to eliminate marginal distortion inherent in
scanner recording. Typical imagery irregularities caused by aircraft
motion, weather, electronic noise and processing problems are illus-
trated along with suggestions for their prevention. Image enhancement
methods such as digitized gray scale, level slicing and color display are

aids to the interpreter.

proved the quality of IR scanner imagery.
Earlier scanners recorded directly on film
and any operator errors in setting film speed,
density and contrast were indelibly recorded.
Also any mishap in processing the original
film could ruin a night of flying. Magnetic
tapes may be replayed if necessary to obtain
optimum image quality and correct scale.

RECTILINEAR IMAGERY

Scanner imagery, whether recorded on
tape or film, has a characteristic distortion
which is diagrammed on Figure 1. Because
of the longer slant distance, the detector spot
size (instantaneous field of view) is larger at
either edge of the sweep than in the center
directly beneath the aircraft. The scanner
operates at a constant angular rate, but the
imagery is recorded at a constant linear rate
so that each instantaneous field of view is
recorded equally, causing compression to-
ward the edges of the image. This compres-
sion results in imagery distortion shown
diagrammatically on Figure 1-B and with a
real example in the Frontispiece (A). The
sigmoid curvature of straight roads trending
diagonally across the flight path is a typical
form of scanner distortion. On film-recorded
imagery, interpreters commonly work only
with the central two-thirds of the strip where
distortion is less severe.

Tape-recorded imagery may be played
back onto film with an electronic correction
to produce rectilinear imagery free from dis-
tortion. The Frontispiece compares examples
of the same tape played back with and with-
out the rectilinear processing. There are sev-
eral advantages to rectilinear imagery, par-
ticularly for. compiling mosaics. Also, the
full width of usable imagery allows wider
spacing of flight lines.

IMAGERY [RREGULARITIES

In addition to the normal scanner distor-
tion, imagery irregularities may result from

various causes, some of which are illustrated
on Figure 2. This description of image prob-
lems is intended to be useful to other in-
vestigators rather than a cause of discourage-
ment. The overall high yield of good im-
agery is encouraging, especially considering
that scanners are installed in vibrating un-
pressurized aircraft with numerous potentially
interfering electrical circuits and are operated
at the mercy of the weather by fallible hu-
mans.

AIRCRAFT MOTION DISTORTIONS

Most scanners incorporate a system to
compensate for aireraft roll but, if this sys-
tem is not operating, imagery distortion may
occur. On Figure 2-A the roll compensation
failure is obvious in the distortion of the
straight road. In other types of terrain, it
may be more difficult to recognize this ir-
regularity. On imagery of dipping sedimentary
rock outcrops, roll compensation failure has
produced patterns that resemble plunging
folds. Some scanner systems incorporate a
warning device that alerts the operator to
roll compensation malfunctions.

Aircraft bank and turn is another cause of
image distortion because roll compensation
systems can only correct for about 10° of
roll. If an aircraft maneuver exceeds this, the
imagery will be distorted in a curving pat-
tern. Such maneuvers may occur while the
pilot is lining up the beginning of the fight
line or breaking off at the end. This is
avoided by correct flight planning which pro-
grams adequate maneuvering room beyond
the ends of the flight line (Sabins, 1973).

Yaw (also called erab) results from air-
craft rotation about a vertical axis so that the
aircraft longitudinal axis is not parallel with
the flight direction. Yaw results from cross-
winds and causes distortion from end to end
of the image strip unlike the intermittent
motions described earlier. Williams and Ory
(1967, p. 1378) described the effects of yaw
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on imagery. Some scanners are installed in
a conventional camera ringmount which may
be rotated in the horizontal plane. Camera
drift sights are useless at night but the pilot
can determine any difference between air-
craft heading and flight line direction. The
operator can rotate the scanner mount to
compensate for this vaw angle. This com-
pensation must be reversed, of course, on
alternate lines with opposite headings.

WEATHER EFFECTS ON IMAGERY

In some instances remote sensing flights
must be conducted even though weather con-
ditions are less than ideal. Some scattered
clouds below the flight altitude may have to
be tolerated. Clouds typically have the patchy
warm and cool pattern illustrated on Figure
2-B where the dark tones are relatively cool
and the bright tones are relatively warm.
Scattered rain showers produce a pattern of
streaks parallel with the scan lines. It is gen-
erally believed that a heavy overcast laver
will greatly reduce thermal contrasts because
of re-radiation of energy between the terrain
and cloud layer. We have avoided flving un-
der these conditions, even though the base
of the overcast layer was above the planned
flight altitude. Another investigator, how-
ever, has obtained excellent nighttime im-
agery (unpublished) of an urban area under
these conditions. The typical high thermal
contrast between urban targets may have
compensated for overcast re-radiation effects,
or we may have overestimated these effects.
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Surface winds produce characteristic smears
and streaks on imagery. Wind smears (Fig-
ure 2-C) are parallel curving lines of alter-
nating warmer and cooler signature which
may extend over wide expanses of imagery.
Wind streaks occur downwind from obstruc-
tions on flat terrain and typically appear as
the warm (bright) plumes shown on Figure
2-D. On this example the obstructions are
clumps of trees which image warm and one
distinct building with a cold-imaging metal
roof in the lower right part of Figure 2-D.
The obvious solution to wind effects is to fly
only on still nights, but in many areas sur-
face winds persist for much of the year and
their effects must simply be endured.

ELECTRONIC NOISE

Transmissions from many aircraft radios
may cause strong interference patterns on
imagery. On the example of Figure 2-E, the
interference occurs as bands of electronic
noise which obscure the underlving image
pattern. Radio transmissions may also pro-
duce a wavy moiré interference pattern.
Electronic shielding of the scanner equip-
ment may prevent this interference but the
simplest solution is to observe radio silence
during image runs and communicate with
the ground during turns and offset legs.

Cyeclic repetition of discrete signal patterns
(Figure 2-F) is an annoying, but not serious,
form of electronic interference. In this ex-
ample the noise occurs as positive (bright)
dots but it may also have a negative signa-

FLIGHT
DIRECTION
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A TERRAIN FEATURES WHH AR

SCANNED AT CONSTANT AMGULAR
RATE.

B. RESULTING FILM IMAGE FORMED
BY RECORDING SPOT AT CONSTANT
LINEAR RATE.

Fic. 1. Distortion characteristics of scanner imagery. From Sabins (1969, Figure 3).
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E. RADIO TRANSMISSION INTERFERENCE F. UNIDENTIFIED ELECTRONIC NDISE

H. FILM DEVELOPER STREAK

Fie. 2. hmagery irregularities. In all examples, scan lines run from bottom to top.
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ture and occur as dashes. We have observed
variations of this noise on imagery from a
wide range of scanners, aircraft, and locali-
ties. It seems to occur sporadically and does
not hinder image interpretation. It has been
suggested, but not established, that outside
sources such as air traffic radars may be re-
sponsible. Electronic shielding of the scanner
installation may reduce the effect.

PROCESSING EFFECTS

During image recording of a flight line, on
either tape or film, a progressive change may
oceur in the overall radiant temperature level.
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The operator may have to shift the recording
base level to stay within the optimum range,
resulting in an abrupt change in image den-
sity as shown on Figure 2-G. With direct film
recording, base level shifts may be partially
compensated by printing the denser and thin-
ner negatives with different exposures. With
magnetic tape, the compensation may be ac-
complished during playback by monitoring
the signal level and adjusting for base level
shifts to obtain a uniform film density.

The photographic development of the
image film (either directly recorded or played
back from tape) is another potential source

C. DISCRETE LEVEL SLICE

Fic. 3. Image enhancement methods. Courtesy of Daedalus Enterprises, Inc,
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of image irregularities. The developer streak

on Figure 2-H resulted from uneven align-
ment of a pressure roller in an automatic
film processor, which was corrected before
further use.

INCORRECT IMAGE SCALE

Image scale is determined by elevation
above terrain and the geometry of the scan-
ner (Sabins, 1973). To achieve correct scale
in the flight direction, the recording film
speed must be related to the aircraft ground
speed and elevation (V/h-ratio). Scanner
manufacturers supply tables relating V/h to
film speed, and average elevation is deter-
mined during flight planning. Incorrect
ground speed information is the main source
of scale errors, which cannot be corrected on
direct film recording. Magnetic tapes may be
replayed with a corrected film speed to ob-
tain correct scale.

The very low-frequency (vLF) navigation
system described by Sabins (1973) provides
ground speed information with three-minute
updating. We have been surprised at the
ground speed variations that can occur dur-
ing a 45-mile flight line. In order to deter-
mine average ground speed, elapsed time is
recorded and divided into the flight length
given by the vir distance indicator.

InMAGE ENHANCEMENT

GENERAL

It is well known that the average human
eye is incapable of discriminating more than
a narrow range of gray shades between the
extremes of black and white. For this reason,
most black-and-white imagery of any type
has a higher information content than the
interpreter is able to recognize. A number of
techniques have been developed to enhance
the imagery into a more readily interpreted
form. Enhancement operations may be done
during the playback of an original magnetic
tape record which is the method discussed
here. Alternatively, the imagery film (whether
recorded originally on film or playved back
from tape) may be enhanced by scanning
densitometer methods which mayv be ad-
versely affected by film processing irregulari-
ties.

DIGITIZED GRAY SCALE

As illustrated on Figure 3-A, conventional
imagery has a continuous-tone gray scale.
During processing, however, the imagery
may be digitized and displayed in a series of
separate discontinuous gray values.

The example on Figure 3-B employs a six-
level gray scale that covers the entire range
of the taped signal but any radiant tempera-
ture range could be selected, such as the
range represented by the water. This method
is particularly useful if applied to calibrated
imagery so that apparent temperature values
can be assigned to the gray scale steps.
DISCRETE LEVEL SLICE

The taped signal may be sliced at a de-
sired amplitude, or temperature level, to
produce an image in which all targets warmer
than the selected level are white and colder
targets are black (Figure 3-C). This may be
useful in isolating specific temperature ranges
of interest to the investigator.

COLOR DISPLAY

Colors may be substituted for the digitized
gray scale by displaying the imagery on a
color cathode ray tube and recording the
results on color film. Some systems reportedly
can provide up to 32 color separations which
is a marked improvement over the discrimina-
tion that can be accomplished with shades
of gray. Because of the increased reproduc-
tion cost, this enhancement method will
probably be reserved for suspected anomalies
or areas of special interest within a larger
survey area.
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