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WAVELENGTH IN MICRONS

FIG. 1. Aerially determined reflectance curves of
some ohjects in the scene of Plate 1.

The inherent spectral properties of a scene
are utilized through the application of a
negative {bi-band} mask on color photographs.

(.1bstract on page 556)

INTRODUCTION

THE USE OF FALSE COLOR imagery to detect
spectral differences between objects has

generally been an empirical procedure. The
purpose of this paper is to describe a pro­
cedure in which the known salient spectral
features of objects and backgrounds are used
to prescribe the manner in which the photo­
graphs should be taken and processed in order
to suppress the background and to exaggerate
the object. For purposes of illustration the
background consists of normal vegetatio~ and
the objects of intel'est may include disturbed
vegetation.

\[ETHOD

N arrow band t (~0.05 J.L) spectral photogra­
phy was used to determine the spectral re-

* The study was performed under Contracl No.
AF 30(602)-3541 RADC, GriEss Air Force Base
Rome, New York, and sponsored by Advanced
Research Projects Agency, DOD.

t Usually 0.1 IJ. bandwidths are the narrowest
utilized.

flectances of environmental features in the.
spectral region between 0.385 J.L and 0.8i5 J.L.
Figure 1 represen ts some typical data and
illustrates the unique properties of objects
and vegetative backgounds in the bands
centered at 0.65 J.L and 0.8 J.L, namely, objects
generally have higher reflectance than vege­
tation in the 0.65 J.L region, whereas the re­
verse is true in the 0.8 J.L spectral region; how­
ever this is not always true. Figure 2 presents
additional data that indicates that these two
spectral bands allow the separation of objects
and vegeta ti ve backgou nds regard less of
whether or not reversal occurs. I n the figure,
the axes are the product of the reflectance
and solat' itTadiance at the indicated wave­
lengths for a large number of objects and
vegetative backgounds. I\ote that projection
onto either axis yields o\-erlap in the t\\'o
classes indicating that neither wa\'elength
band alone is a su fficien t discri mi nan tin all
cases.

In order to realize the separation in object
and background classes shown in Figure 2,
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FIG. 2. Bi-band separation plot. The coordinates
are Quantities proportional to the expected film
exposure at the indicated wavelengths.

the photographic negative at 0.65 J.L was con­
tact printed to form a positive and this posi­
tive was registered wi th the negative taken in
the 0.8 J.L spectral band. The transmittance of
the registered pair is thus proportional to the
point-by-point quotient of the spectral ra-

o OBJECTS

o VEGETAT I VE BACKGROUND

frames' utilizing Plus-X, i\IS color, Ekta­
chrome infrared aero, and the bi-band tech­
niq ue in false color are presen ted (the areas
selected by the mask are yellow). I n part C,
the com parison is between J1S color and J1S
color with bi-band mask superimposed in
false color (in this case the areas selected by
the mask are magen ta).

The color exaggeration of earthen areas is
an obvious feature in part (a). A less obvious
feature is the detection of vegetation known
to be mechanically disturbed in the clearing
of part (a). This vegetation is shown as nor­
mal vegetation in all but the bi-band color
photograph. I n the bi-band segmen t the dis­
turbed vegetation (refer to the outlined areas
in the black and white segment of part (a)) is
printed yellow just like the surrounding
earthen area rather than the green hue which
is indicative of vegetation. This occurs be­
cause the reAectance characteristics of the
vegetation haye changed sufficiently to cause
the color coord ina tes (refer to Figu re 2) to
cross the dashed line and hence the object has
been classed as non-vegetatiye in this binary
classification system. The separation thresh-
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ABSTRACT: The spectral refiectances of objects and backgrounds are used to
generate a processing teclmique which increases tI,e rate of detection and the
sensitivity to detection of objects against their backgrounds. Several examples
illustrating th!> separation of non-vegetative objects from vegetative backgrounds
and the discrimination of vegetation vigor utilizing spectral filters centered at
0.65 J.L and 0.8 J.L are presented in false color.

diance of the scene in the two wavelengths.
The quotient for vegetative background will
be a small number (low transmittance)
whereas for objects it will be generally larger.
Con tact prin ting the registered pair on to
high-contrast film will yield what 1 call a bi­
band mask which is clear in the background
areas and opaque in areas where the objects
of interest are located. The clipping level
employed in making the mask will determine
the sensitivity of the technique to spectral
differences and the associated false alarm
rate.

The bi-band mask was used to create color
imagery of a scene. Plate 1 presen ts a com­
parison of the bi-band imagery to cOIl\'en­
tional imagery. The mask in each case was
made in the manner described, and false color
presentation employed to emphasize the re­
sults.

In parts A and B of Plate 1, samples from
simultaneously obtained photographic

old (i.e. slope of the dashed line in Figure 2)
can be varied in the bi-band process in order
to con trol the sensi ti vi ty to changes in the
vegetative surround.

Part (b) illustmtcs the detection of non­
vegetation, namely green cloth panels. Again,
the earthen area are generally easier to lo­
cate on the bi-band segment. The effects of
thresh hold ing are e,"iden t. 1'\ote particularly
the difference in sizes of the traffic routes and
cleared areas on the bi-band segment and on
the other color segmen ts. The image of the
'"egetation overhangi ng these areas is a com­
posi te of the vegetation and the earth as seen
through holes in the vegetation. The thresh­
holding used in the bi-band procedure causes
these com posi te regions to be iden ti fied as
non-"egetati"e and hence the size of these
trafficked regions appear enlarged.

• The infrared frame \I"as actllally obtained 011

the day before the remaining frames.
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OBJECT DETECTION ENHANCEMENT

THE INHERENT SPECTRAL PROPERTIES OF A SCENE ARE
UTILIZED THROUGH THE APPLICATION OF A BI-BAND MASK
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The value of T (threshold) selected will deter­
mi ne the detection probabili ty and false
alarm probability of the process. The slope of
the dashed line in Figure 2 (or the correspond­
ing value on the abscissa of Figure 3) is the

THEORETICAL CONSIDERATIONS

I n terms of the scene radiance, the process
used to create the bi-band masks is roughly
equivalent to the division of scene radiance
at 8000 A. To be more exact, the test statistic
T obeys the following proportionality rela­
tionship:

1n part c, the upper photograph is a print
from an internegative of the scene whereas
the lower one \\'as made wi th two exposures,
one usi ng the in ternega ti ve and one usi ng the
mask. The mask selects the clearings seen
through the canopy and trees known to be
less vigorous than the surrounding healthy
\·egetation. The explanations for these effects
is essentially those already presented with
regard to parts (a) and (b) of Plate 1.
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FALSE ALARM PROBAS III TY

FIG. 4. Operating characteristic curves.
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threshold value imposed on T to determine
the separation of object and background. By
continuously varying the threshold value, we
determine the proabilities of detection and
false alarm as a function of threshold value.
I n this manner the Operating Characteristic
curve in Figure 4 was obtained from the data
of Figure 3.

Similarly, the data in the 0.45 p. and 0.8 p.
spectral bands were processed to yield the
operating characteristic curve for the quotient
statistic in these bands. Because a perfect de­
tection system would have a detection prob­
ability of one regardless of the false alarm
probability, the Operating Characteristic
curve more closely approximating the perfect
system represents the better system. I n this
case, the quotient statistic utilizing the
spectral bands centered at 0.65 p. and 0.8!J. is
the better system for the detection of objects
in vegetative background.

The particular form of the statistic mayor
may not be the best function of the observ·
abies. A sequence of operations based upon
the difference in spectral radiance in the two
bands can be used as a decision function, al­
though at this time it appears that the quo­
tient statistic is the better of the two. The
area of choosing the test statistic warran ts
further investigation .
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FIG. 3. Distribution of quotient statistic.
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where r is the spectral reflectance, Ii is the
solar irradiance at the indicated wavelengths,
and 'YX refers to the product of film gammas
of the processing of photographs at each wave­
length. By reference to Figures 1 and 2, we
see that T will generally be much larger for
the background than for objects. Figure 3
presents the distributions of the quotient for
the data of Figure 2. Note the o\'erlap be­
tween objects and background near 0.5. In
terms of T, the decision function applied
when the mask was created is


