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1.0
INTRODUCTION AND SUMMARY

A backgrounds measurement and analvsis program is being conducted
for the Navy Optical Signatures Program for the purpose of generating
calibrated digital imagerv over various terrain backgrounds, generating
statistics for these scenes useful for classifving various background
types, and for developing statistical measures that can be related to

various system performance characteristics.

Previous efforts on this program have included a literature search
and bibliography of available backgrounds data [Reference 1]. In addi-
tion, selected terrain backgrounds data collected with the ERIM airborne
multispectral scanner were analvzed and the results reported [References 2
and 3]. ERIM airborne multispectral scanner data are especiallv suitable
for terrain backgrounds analysis because the data are multispectral,
registered, calibrated, in digital format, available with a ground spatial
resolution of two to three feet, and provide a large coverage of the
terrain. The data that were available for the earlv analvsis efforts
reported in References 2 and 3 were primarily data in spectral bands
positioned between 1.0 and 2.5 um and in the 8.0 - 13.5 um spectral

region.

The current report extends the work reported in Reference 2, using
airborne data collected over a desert and mountainous terrain at Nellis
Air Force Base in February 1978. Data were collected with the ERIM M-7
multispectral scanner in the mid-IR in spectral bands from 2.0 - 2.6,
3.0 - 4.2, 3.5 - 3.9, 3.9 - 4,7, 4.5 = 5.5, and 5.1 - 5.7 um, as well

as in the spectral band from 9.0 - 11.4 um.

An extensive series of flights at Nellis AFB was made in order to
assess and compare the statistical characteristics of the desert and
A

mountainous terrain under a varietyv of conditions. subset of the data
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was selected in order to analvze the desert and mountainous terrain and
to determine the effects of various parameters on the statistics. The
analysis has included measurement of means, standard deviations, spec-
tral correlation coefficients, ellipse statistics, histograms, and power

spectra.

Several observations were .reported in Reference 2 on the data,
among which were: effects of spectral band changes; differences in
terrain clutter; effect of depression angle changes:; effect of solar
radiation. Many of the same observations were made in the analvsis for
this report and various comparisons were made to determine consistencies

or trends. These are discussed in the following paragraphs.

(1y One might expect differences in the results in accordance with
flight direction. Some results were borrowed {rom Reference 2 to increase
the sample size. Even with these, the differences are not dramatic,
although we do note, for example, that the clutter appears to be smallest
for flights heading northerly, compared to flights headed southward. On
the basis of these data, we would not consider flight direction an impor-
tant controlling parameter. However, we have so far onlv been able to
test for depression angles of 35° or greater. Perhaps a more dramatic
tendency, both in average temperature and clutter differences, will be

found for shallower depression angies , particularly over mountains.

(2) As regards clear vs overcast conditions, the data confirm the
predictable: that the mean temperatures and the clutter are less for

overcast conditions than for clear, sunnv conditions.

(3) An attempt to compare the morning desert with the afternocon
desert was compromised bv the reduction in afternoon sun radiation
through an overcast layer of clouds. The afternoon values are, there-
fore, less than the morning values through a loss of radiative input.
An interesting observation is made, however, due to the presence of a

dry lake bed situated in the desert which appears generally cooler in

8




the thermal region than the desert under both clear- and cloudy-sky
conditions. Conversely, because of an apparently high short-wavelength
reflectance at the lake floor, the spectral regions influenced by sun-
light show a positive contrast in lake radiance compared to desert

radiance.

(4) Comparing the thermal regioms at %.5 - 5.5 um and 9.0 - 11.4 um
yields the anticipated outcome that the apparent temperatures agreed
within a factor which could easily account for the higher absorption in

the 4.5 - 5.5 um region than in the 9.0 - 11.4 um region.

The remainder of the report is devoted to (Section 2) a brief des-
cription of the ERIM multispectral scanner used to collect the data
analyzed in this report; (Section 3) a discussion of the results of the
analysis, showing the statistics, and making comparisons among the
results. Conclusions are derived in Section 4, based on observations
made in Section 3. Appendices A and B are included to collect the
numerous histograms of the various sub-areas into which the scenery
was divided and to demonstrate one-dimensional Wiener spectra of the

scenery.




2.0
MULTISPECTRAL SCANNER

Figure 1 is a schematic of the M=-7 multispectral scanmer. Radiation
in the visible portion of the spectrum is collected in detector position
number 3, dispersed, and sensed with 12 photomultipliers. By use of a
dichroic beam splitter, energy beyond 0.9 im is directed to detector
position number 2. For the flights at Nellis AFB and Pt. Mugu, a two-
or three-element InSb detector array was placed in detector position 2
with each detector element appropriately filtered. The two-element InSb

array was filtered to 3.5 - 3.9 and 3.9 - 4.7 ym. The three-element

InSb array used for some flights was filtered to 2.0 - 2.6, 3.0 - 4.2,
and 4.5 - 5.5 ym. A filtered HgCdTe detector was used in detector posi-
tion 1A. On some flights, a 5.1 - 5.7 ym filter was used, on others a
9.0 - 11.4 ym filter was used. It is important to note that the data

in all 12 visible bands, the 2 (or 3) InSb mid-IR bands, and the filtered
HgCdTe band are collected simultaneously and can be spatially registered

by accounting for the delay between the two InSb detectors.

The InSb detectors are 2.5 mrad detectors and the HgCdTe detector
is 2.9 mrad. The scanning motor scans 60 lines/sec. The detectors
scan across up to six calibration sources located inside the scanner
housing with each rotation of the scan mirror. The various IR channels
are calibrated with two controlled blackbody sources located in the
scanner housing. The scanner is mounted in a C-47 aircraft that flys
with a typical ground speed of 202 ft/sec. Hence, a scan line is recorded
for every 3.4 ft of aircraft motion at a scan rate of 60 lines/sec. At b

an aircraft altitude of 1300 ft, with a detector resolution of 2.5 mrad,

the imagery produced is contiguous with a ground resolution of 3.4 f¢t.
At lower altitudes, the data are somewhat undersampled, and at higher
altitudes, the data are oversampled. As part of the calibration procedure,

an appropriate number of lines are averaged so that in the resulting image,

11

4




ERIM

Top of Awcratt

Fuseiage Thermal Reterence
E

Graybody Nu 1

Opal Glass
Dittusing Plate

“e==r

(

—
|
|

. Position No. 1A
(20 t0 14 Oum)

Detector

Sky Humination / =T
Psverence ~
. Rac 1 | " Bheiiss Photomultipliers (12)
~ET L L Lens
' A ; / I o 1| Position No 2 Fiber Optic Bundles
e J — -:\j. Dichrowc (09 t0 26 um)
$ 4 ST Beam 3
Thermal Raterence i Sol - 3
Graybody No 2 S phitter ‘ ~
W Y Cahbv:!:;:‘ 3 ~ - Folding 8y
To Scan %jj/f ) Rcuu;tmy 2 U Mirror [
nwm e — orti ; ! 3
S Vi " o Pt olifas
I o~ Condensing |\ ", Dichroic S 4
< “faon s
W - 1 L-n‘s_\‘\{ ] /Beam _*\’ L0 .
| : g splitter . \ )
-~ / {0 - N k.
Scan Mirror — \“"-“;" _a 7\ Fiber Opuic Array

44 N 1 Reimaging Lens a0
etector

2 m= 1
- T S R 7 oy Position No 3
({.’ \ Folding ol s 3 Dispersing Prism (12 Channet
/ g Mirror L \g ;‘ \\ Collimating Lens Spectrometer
~ B P 4100
fAelstarca Detector Dail Kirkham / Entrance St ket
eterance Lamp Telvscone

721RO.1.78

FIGURE 1.

Position No 18
(033 1010 um)

OPTICAL SCHEMATIC OF ERIM EXPERIMENTAL MULTISPECTRAL SCANNER, M-7

Folding Mirrors (2)




VERIM

there is only one digital value for each resolution size (2.5 mrad)

ground spot in the image. Calibrated data tapes are maintained for

further analysis as necessary.
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3.0
DISCUSSION OF RESULTS

The results presented in this report are an extension of those
presented in Reference 2, obtained from images collected around Nellis
Air Force Base, Nevada, in mountainous and in desert regions. To the
extent that suitable examples could be obtained from various flights,
the sets presented in Table 1 were chosen to show how parameters external
to the sensor affect the quality and distribution of data obtained by the
sensor. One would hope, then, on the basis of a few external parameters,
to be able to predict with reasonable accuracy results from any given

situation.

Variability in the data collection was introduced in several ways.
One of these was by utilizing a variety of spectral regions among which
weren» 2.0 - 2.6, 3.0 - 4.2, 3.5 - 3.9, 3.9 - 4.7, 4.5 - 5.5, 5.1 - 5.7,
and 9.0 - 11.4 uym. Times of flight for the chosen data were midmorning
and midafternoon. Meteorological conditions were fortuitous. The choice
of meteoroiogical parameters was determined by availability. They enter
into the analysis only in some generalized way as indicated mainly by
cloud conditions as shown at the bottom of Table 1. Other variables
given in Table 1 are: altitude of aircraft, which was 1000 ft for all
runs in this report except one; depression angle, which was always 35°
for the runs in this report except in the single higher-altitude case;

direction of flight, to account for sun angle effects.
3.1 HISTOGRAMS

Figure 2 presents pictorial analogies of the IR imagery obtained
over mountains with the scanner in many of the spectral regions from
which the data were statistically analyzed. One should be able to recog-
nize in the photos of Figure 2 some of the statistical features derived

from the histograms which follow. In Reference 2, the various spectral

15
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1
TABLE 1 v

NELLIS AFB DATA ANALYSIS

(Spectral Bands, Altitude, Depression Angle,
Time, Flight Direction, Approximate Ground Coverage)

NEVI 2.0-2.6, 3.0-4.2, 4.5-5.5, 5.1-5.7 um
(2-25-78) 1000 Ft. Altitude

35° Depression Angle

1510 Hrs., East, Mountains

1750 x 6750 Ft2

NEVJ 2.0-2.6, 3.5-3.9, 3.9-4.7 um
(2-25-78) 1000 Ft. Altitude

35° Depression Angle

1528 Hrs., South, Mountains

1750 x 6750 Ft2
NEVK 2.0-2.6, 3.5-3.9, 3.9-4.7 um
(2-25-78) 1000 Ft. Altitude 3

35° Depression Angle

1543 Hrs., North, Mountains

1750 x 6750 Ft2

NEVL 3.5-3.9, 3.9-4.7, 5.1-5.7 um
Desert 1 1000 Ft. Altitude

Dry Lake 35° Depression Angle

Desert 2 1554 Hrs., East, Desert
(2-25-78) 1750 x 6750 Ft> Total

1750 x 2700, Desert 1
1750 x 2700, Desert 2
1750 x 1350, Dry Lake

16
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TABLE 1 (Continued)
NEVM 2.0-2.6, 3.5-3.9, 3.9-4.7 um
(2-26-78) 1000 Ft. Altitude
35° Depression Angle
1022 Hrs., East, Mountains
1750 x 6750 th
NEVN 2.0-2.6, 3.0-4.2, 4.5-5.5, 9.0-11.4 m
(2-26-78) 1000 Ft. Altitude
35° Depression Angle
1044 Hrs., East, Mountains
1750 x 6750 Ft’
NVGL 2.0-2.6, 3.0-4.2, 4.5-5.5, 9.0-11.4 im
(2-25-78) 1750 Ft. Altitude
90° Depression Angle
0926 Hrs., West, Mountains
1850 x 6750 Ft2
NVH1 2.0-2.6, 3.0-4.2, 4.5-5.5, 9.0-11.4 um
Desert 1 1000 Ft. Altitude
Dry Lake 35° Depression Angle
Desert 2 1051 Hrs., East, Desert
(2-25-78) 1750 x 6750 Ft® Total
1750 x 2700, Desert 1
1750 x 2700, Desert 2
1750 x 1350, Dry Lake
Meteorology:

2-25-78, AM - High, thin, scattered clouds, visibility = 15 miles

2-25-78, PM - Scattered clouds, light haze in target area;
visibility = 35 miles, complete cloud cover for NEVL

2-26-78, AM - High overcast, light haze in target area;
visibility = 15 miles.

17
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Clear, 3.9-4.7, 1511, 35° Depression

FIGURE 2b. IMAGERY, NELLIS AFB MOUNTAINS
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[ regions were compared. In Figure 2 of this report, we present the same
spectral region for different times of day and/or meteorological condi-~
tions. Figure 3 shows similar imagery for the desert regions around

Nellis AFB in different spectral regions than those presented in

Reference 2. Except in the few cases in which the data were faulty,
there is a histogram for each condition indicated in Table 1. The
channel containing the 5.1 - 5.7 ym filter provided the worst data,
i.e., noisy, because of the narrowness of the filter and the effect of

HZO vapor absorption, although some data in this band are presentable.

One set of histograms is presented in Figures 4 through 11 in the

same order as shown in Table 1 with:

Figure 4: NEVI Figure 8: NEVN =
Figure 5: NEVJ Figure 9: NEG1
Figure 6: NEVK Figure 10: NEVL
Figure 7: NEVM Figure 11: NVH1

The statistics in these histograms represent data from the total area

. - analyzed from the scene, as indicated for each run in Table 1; for
example, 1570 x 6750 ft2 for NEVI. This area is represented by about
one~third of the central portions in Figure 2. Since the desert regions
were divided into three separate areas — an east and west desert region
and a dry lake — NEVL and NVHl1l as shown in Figure 3 are composed of
three regions in which the total-area statistics are analyzed. Consult

Table 1 for the appropriate sizes of the regions analyzed.

The circles in these figures represent a normal distribution with
the same average and standard deviation as the experimental curve.

They are separated in intervals of 1/2-0.

In addition to total-~area statistics, the regions were subdivided
into subareas for which the statistics are presented in Appendix A to

demonstrate homogeneity or lack thereof. Those are presented on a linear

graph as opposed to the semilog plot of the data presented in this section.

The mountain scenes were divided into 4 equal subareas; the three desert

19
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areas were each divided into 2. The total-area statistics are also
presented in Appendix A to show comparisons with the subarea statis-
tics. The graphs showing total-area statistics must be completely
consistent with the data presented in this section. Table 2 summarizes
the means and standard deviations of the subareas and total areas for

the curves presented in Appendix A. Two sets of statistics are presented,
one for scene temperature distributions, and one for scene radiance

distribution. The histograms corresponding to the radiance statistics

are shown as follows:

Figure 12: NEVI

Figure 13: NEVJ

Figure 14: NEVK

Figure 15: NEWM

Figure 16: NEVN

Figure 17: NVG1

Figure 18: NEVL

Figure 19: NVH1
The two-fold reason for presenting both is that the o' ;inal set, i.e.,
temperature distributions, agrees with the format of Reference 2, and the

radiance distributions will perhaps satisfy different users.

Table 3 and Figure 20 are included here to help the reader under-
stand how the energy is distributed among the various bands. One may
discern from them how the signals in different regions relate to each
other. Precise correlations cannot be obtained from them, however,
because of the host of meteorological and physical factors which come
into play. They might be used, though, to infer some generalized quali-
tative behavior in the histograms. Table 3, for instance, shows the
radiance from a diffuse terrain element caused solely by sunlight and
from its thermal emission in the various bands indicated. From the
calculated ratios, it is seen that reflected sunlight predominates in
the 2.0 - 2.6 ym band, can be equally as effective as thermal radiation
at 3.5 - 3.9 uym, and diminishes in effectiveness bevond. One important
factor which is not included in Table 3 is the possible strong spectral

51
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FIGURE 20. BAND RADIANCE AS A FUNCTION OF TEMPERATURE
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; variability of the emissivity of terrain materials which could affect

the ratios greatly. The emissivity used for Table 3 was nominally 0.9.

E Figure 20 shows the relative amounts of radiation in the thermal
bands as affected by absorption in the atmosphere. The 5.1 - 5.7 um band

covers a region in which H,O vapor is highly absorptive. Data from this

2

band also contain considerable detector noise and some are not usable.
Another table (Table 4) is included here to show the order of vari-

ability to be expected in the results, based on limitations in the system

itself. The entries in Table 4 are the standard deviation values calcu-

lated from the data obtained on the calibration plates mentioned earlier
in this report and described more thoroughly in Reference 3. These
variabilities represent detector noise and other (mostly unexplainable)
noises in the sensor. We note in Table 2 that, except in the 3.0 - 4.2
and 5.1 - 5.7 um channels, variability in the signal is usually due to
scene clutter and not sensor noise. In the desert scenes, whose signals
are quieter than for mountain scenes, the sensor noise is evident in

the above-mentioned channels. 1In fact, in certain cases, the standard
deviation is slightly less than for the calibration plates, which may

be the result of something like the calculation of statistics from a
small sample of data or of nonlinearity in the transposing of radiance

to temperature. The agreement, however, is reasonably close.
3.2 COMPARISONS OF THE RESULTS

The statistics of the results are expected to imply certain chara-
teristics of radiative terrain.features which should obey physical laws
in accordance with the presence of certain factors,such as meteorology,
seasonal and diurnal cycles, etc. Some comparisons made in Reference 2
indicated results which were more-or-less predictable. Some were as

follows:

(1) Certain signals showed an altitude dependence which is caused

mainly by atmospheric transmittance.
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(2) Clutter in mountainous scenery is greater than that in the
desert, caused by the greater variability in mountainous terrain, and
resulting in shadows. Note in the desert results in this report that
the curve has a bimodal shape, probably as a result of a small mixture

of desert and lake scenery.

(3) Correlations between spectral channels were higher for moun-
tainous terrain than for the desert scenmery, making manifest the

dramatic effect of shadows.

(4) The mean and standard deviation of signals received when the
scanner was pointed downward and at a 35° depression angle were similar,
particularly when the altitude in the downward-looking case was such as

to equal the slant distance to the scene in the forward-looking case.

(5) The mean signal for afternoon runs was usually greater than

for morning runs-by approximately 5 K.

Similar comparisons can be madé in the results of the data in this
report. Others, covering different parameters are also made, considering
spatial and meteorological effects. One important observation is made
at the outset. As mentioned above, it was agreed that because radiance
distributions were more basic to the sensor and more immediatelvy amenable
to simulation, these would be incorporated into the report along with
the usually presented temperature distributions. It should be noted,
however, that, albeit the relationship between temperature and radiance
is nonlinear, the range of temperatures observed in the scenerv included
in this report is small enough that the means and standard deviations
of the radiances can be derived directly from those of the temperatures
with little loss in accuracy. Of course, the accuracy is a function of
the spectral range considered, being less for the shorter wavelength

regions than for the longer ones.

It is recommended that the past practice of recording statistics

in terms of teumperature distributions be continued, even if thev are
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presented concomitantly with radiance distributions. It is so much
casier to make comparisons in the results between spectral regions as
long as the losses in the svstem and the atmosphere, and the spectral
variability of the emissivity of the terrain are understood reasonablv
well, Comparing results in terms of temperature allows us to remove

at least one important but manageable variable, the Planck function.

1.3 FURTHER COMPARISONS

In light of the above statements, the comparisons in this section
are made in accordance wiéh the temperature values collected in Table 2.
For related radiance values, the reader is referred to Table 2a. It
might be useful to remind the reader that these comparisons must be
made with some reservation, considering the numerous factors which
influence the measured radiance, many of which can be figured in the
data only qualitatively, and some not at all., In all data measured in
the spectral regions below 4 um, the sun {s 1pf1uential to some extent.
We note, for example, that the average apparent temperature in the
3.5 = 3.9 um region is usually higher than that in the 3.9 - 4.7 um
region. From previous considerations, we are alreadv aware that the
apparent temperature {s a strong function of manv external factors.
These two regions are of particular interest because thev represent the
region of transition below which the sun is influential and above which
the influence is mostlvy thermal, except possibly in cases in which manv
strong glints are experienced. From Table 3, for example, we note that
fn the 3.5 - 3,9 um region, the sun is still influential to some extent:
in the 3.9 « 4.7 um, its influence is on the wane. Just how much
influence the sun exerts is determined not only by the spectral region
and the amount of cloud cover, etc., but by the characteristics of the
scattering surface. Thus, the apparent temperature determined from a
given reading must be altered before any comparisons between spectral
regions are meaningful. Furthermore, if there is significant absorp-
tion in the atmosphere, the apparent temperatures will be further altered.
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Any future measurements to be made must attempt either to eliminate
the effect of dominating influences such as sunlight, or take them into
consideration quantitatively by specially measuring them. Notwithstanding
the need to measure in certain bands for special reasons, there are a
few atmospheric windows, or spectral regions, in which radiation can
propagate for 1000 or 2000 ft virtually unattenuated. These regioms
should always be included in any multispectral measurement. As far as
the sun is concerned, remote sensing specialists have lived with it
(indeed, often depend on it) on reasonably friendlvy terms for many vears.
They simply try to know what it is doing at all times by measuring it
in those bands which are influenced by it.

With these and other considerations in mind, the following compari-

sons are made.
3.3.1 FLIGHT DIRECTION

Table 5 lists those total-area values of scenery listed in Table 2
of this report and those of Reference 2 for which mountains were over-

r flown in the afternoon with a scanner line-of-sight depression of 35°.

As far as flight direction is concerned, we are tempted to make compari-
sons between the spectral regions, but find that except for what was
said about sun influence, little is evident bevond the fact that the
clutter for the northward-heading sensor is smaller than those for the

easterly or southerly directions.

Based on the few data shown here, if one were to make a broad
judgement of the effect of flight direction on the choice of parameters

to select in an organized experiment, it might be considered of secondary

importance, compared, for example, with the presence or absence of

sunlight.
3.3.2 CLEAR vs OVERCAST SKIES

This latter effect is easily noted in the data of Table 6 which
shows the average temperatures to be less for overcast conditions than
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for clear conditions, as expected, because of the lack of sunli‘ht.
Note, furthermore, that the clutter is less for an overcast than for
a clear day. As in the above case, some data are borrowed from

Reference 2 to make these comparisons.
3.3.3 DESERT: AM vs PM

Table 7 specifies the data of Table 2, 2a pertinent to desert
imagery. A direct comparison is infeasible in these cases since, accord-
ing to the flight record, the sunshine was essentially unobscured in the
morning while the sky was overcast in the afternoon when the data for

NEVL were taken. This fact is evident in the observation from Table 7

that the temperatures for NEVL are all lower than for NEVC and NVH1,
in which the data were obtained under sunlit conditions. We note also
that in the 2.0 - 2.6 um region the contribution by the sun is greater
over the dry lake than over the desert which seems to result at times
in negative correlations. This verifies the observ;tion by the flight
crew that the brightness from the lake was greater than that from the
desert regions. The effect is evident also in a comparison of the IR

imagery shown in Figure 3.

One notes also from the data from certain of these regions that
the correlations are low. This seems to be characteristic of relatively
low-contrast areas in which a 'arge contribution to the standard devia-

tion in the data is from the noise in the sensor.
3.3.4 THE 4.5 - 5.5 um REGION vs THE 9.0 - 11.4 um REGION

Data from these spectral regions are singled out in Table 8. Of
all the regions included these should yvield comparable apparent temper=-
atures, since the effects are mainly thermal except where sunglint mav
be influential. It is best to avoid making any serious comparisons
using the 5.1 -~ 5.7 um band because of the noise in the detector and

because of the severe effect of atmosphere on attenuating the signal.
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The 4.5 - 5.5 and 9.0 - 11.4 um bands are sufficiently noise-free (see
Table 4) that, except for unaccountable factors, they should vield
results which are identical except for the attenuating effect of the
atmosphere (which is quite small in the 9.0 - 11.4 um region). Thus

if the temperature in this region is taken as the true terrain tempera-
ture (neglecting the effect of emissivity), we note that the reduction
in the value for 4.5 - 5.5 um admits of an attenuation of almost 10%.

The derived transmittance values are shown in the last column of Table 8.

Assuming that the emissivities in the two regions are not grossly
different and that there is not sufficient haze to cause much of a
difference, we note that small attenuations indicate a relatively small
amount of H_O vapor in the atmdsphere. According to the data of Taylor
and Yates (ieference 4), the transmission in 1000 ft due to 1.1 mm of
precipitable H 0 is approximately 65%, which in the maritime atmosphere
of their exper;ment is probably considerably higher than in the experi-
mental regions at Nellis AFB. A crude comparison with the Tavlor and
Yates data implies that the water content during the measurement was

about 0.2 mm.

3.4 SPECTRAL CORRELATIONS

Tables 9 through 16 show the correlations obtained between the
results from the different channels. These tables are produced in the
same format as in Reference 2 for easy comparison with those data which
were taken during the same general time period as the data in this
report. The tables are shown, however, in terms of radiances instead

of temperature; but, as noted previously, the differences are small.

We have noted above, for example, that in low-contrast scenerv,
the uncorrelated noise of the sensor could tend to dominate the appar-
ent scene ciutter. However, in the desert scenery, where, as opposed
to mountain scenery, we might expect to see this effect, the variabilitv

in the results is high enough to make any judgements of this kind
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TABLE 9
CORRELATION MATRIX
NEVI
Spectral Band (um) 2.0-2.6 3.0-4.2 4.5-5.5 5.1-5.7
2.0-2.6 1.000
3.0-4.2 0.740 1.000
4.5-5.5 0.612 0.804 1.000
5.1=5.7 0.287 0.408 0.438 1.000

Total No. of Pixels: 349,600

TABLE 10
CORRELATION MATRIX
NEVJ
Spectral Band (pm)  3.9-4.7 3.5-3.9 2.0-2.6
3.9-4.7 1.000
3.5-3.9 0.850 1.000
2.0-2.6 0.839 0.779 1.000

Total No. of Pixels: 349,600

TABLE 11

CORRELATION MATRIX a

NEVK @

Spectral Band (um) 3.9-4.7 3.5-3.9 2.0-2.6 i

3.9-4.7 1.000 :

3.5-3.9 0.751 1.000 |
2,0-2.6 0.791 0.657 1.000

Total No. of Pixels: 349,600




ERIM
TABLE 12(a)
CORRELATION MATRIX
NEVL (Desert #1)
Spectral Band (yum) 3.9-4.7 3.5-3.9 5.1-5.7
3.9-4.7 1.000
; 3.5-3.9 0.157 1.000
5‘ 5.1-5.7 N.A. N.A. 1.000
‘ Total No. of Pixels: 136,400
TABLE 12(b)
CORRELATION MATRIX
NEVL (Desert #2)
" Spectral Band (um) 3.9-4.7 3.5-3.9 Sed=5:i7
. 3.9-4.7 1.000
3.5-3.9 0.323 1.000
5.1-5.7 N.A. N.A. 1.000

Total No. of Pixels: 141,200

TABLE 12(c)

CORRELATION MATRIX
NEVL (Dry Lake)

Spectral Band (um) 3.9-4.7 3.5-3.9 Svl=5.7

3.9-4.7 1.000
3.5-3.9 0.391 1.000
5.1=5.7 N.A. N.A. 1.000

Total No. of Pixels: 72,400
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TABLE 13

CORRELATION MATRIX
NEVM

Spectral Band (um) 3.9-4.7 3.5-3.9 2.0-2.6

3.9-4.7 1.000
3.5-3.9 0.491 1.000
2.0-2.6 0.529 0.286 1.000

Total No. of Pixels: 349,600

TABLE 14

CORRELATION MATRIX
NEVN

Spectral Band (um) 2.0-2.6 3.0-4.2 4.5-5.5 9.0-11.4

2.0-2.6 1.000

3.0-4.2 0.255 1.000

4.5-5.5 0.413 0.539 1.000

9.0-11.4 0.398 0.565 0.910 1.000

Total No. of Pixels: 349,600

TABLE 15

CORRELATION MATRIX
NVG1

Spectral Band (um) 2.0-2.6 3.0-4.2 4.5-5.5 9.0-11.4

|
|
:
&
!
,r
!

2.0-2.6 1.000

3.0-4.2 0.837 1.000

4.5=5.5 0.793 0.894 1.000

9.0-11.4 0.810 0.899 0.983 1.000

Total No. of Pixels: 610,400
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TABLE 16(a)

CORRELATION MATRIX
NVH1 (Desert #1)

Spectral Band (um) 2.0-2.6 3.0-4.2
2.0-2.6 1.000
3.0-4.2 0.408 1.000
4.5-5.5 0.015 0.188
9.0-11.4 -0.001 0.102
Total No. of Pixels: 136,400

TABLE 16(b)

CORRELATION MATRIX
NVH1 (Desert #2)

Spectral Band (um)  2.0-2.6 3.0-4.2
2.0-2.6 1.000
3.0-4.2 0.336 1.000
4.5-5.5 0.343 0.308
9.0-11.4 0.378 0.240
Total No. of Pixels: 141,200

TABLE 16(c¢)

CORRELATION MATRIX
NVH1 (Dry Lake)

Spectral Band (um) 2.0-2.6 3.0=4.2
2.0-2.6 1.000
3.0-4.2 0.737 1.000
4.5-5.5 -0.830 -0.487
9.0-11.4 -0.935 -0.690
Total No. of Pixels: 72,400

3

4.5-5.5

1.000
0.584

4,5=5.5

1.000
0.568

4.5=5,5

1.000
0.902

9.0-11.4

1.000

9.0-11.4

1.000

Q. 0=-11.4

1.000
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suspect. The most, in fact, that can be said is that the correlations
in the mountain scenery tend to be larger than those in the desert
scenery. In the case of the dry lake, on occasion, the correlations

reverse to negative values between the reflective and thermal infrared

channels.

One important reason, from the viewpoint of making measurements,
for seeking spectral correlations is to establish a basis for reducing
the number of measurement channels. Barring any special reasons for
choosing a certain spectral band, one should choose the measurement
bands in the atmospheric windows to avoid the influence of molecular

absorption.

3.5 ELLIPSES

In Reference 2, a large number of "ellipse pictures' were presented

to show the methodology for giving a éimple pictorial of the statistics

involved in the various scenes. In brief, as explained more thoroughly
in References 2 and 3, the ellipses are designed to imitate, with simple
geometrical figures, the areas and orientations of all scene elements,
constructed of contiguous pixels, with apparent temperatures above a
preselected threshold. In order to remove the effect of noise in the
scene, and to avoid unnecessary clutter, only areas larger than those
corresponding to two pixels were selected. They are actually recorded

in Tables 17 through 26, but it has not been established in this analysis
which are due to noise in the scanner and which are real scene events

which could contribute to false alarms.

Figures 21 through 29-present a sample of the results to demonstrate
the use of ellipse imagery. The figures are self-explanatory in that
the areas covered and the phy;ical parameters are given in Table 1, and
the threshold levels (in numbers of standard deviations) are shown on

the figures. The reader is referred to Reference 2 for some qualitative

discussions on scenery which are similar to the scenery analvzed here.
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TABLE 17

NEVN
AREA DISTRIBUTIONS

OISTRIBUTION OF RECOGNTZED MOT SPOT (Threshold = Ave. + 2.50 o )
2.0 - 2.6 um /
BY AREA
SQUARE METERS FREQUENCY
] _

0.0 TO 10,0 89
10,0 TO 15,0 4s
15,0 10 20,0 36
20,0 TO 25,0 21
25.0 10 30,0 2
30,0 t0 35.0 8
35,0 10 40,0 2
40,0 TO 4s,0 3
45,0 TO 50,0 3
S0.0 70 718.0 4
7%.0 Y0 100,0 1
100,0 TO 150,0 0
150,0 TO 200,0 0
200,0 TO 250,0 0
250,0 TO 300,0 |
300,0 TO 400,0 1
400,0 TO S00,0 0
OVER 500,0 0
TOTAL NUMHER OF HOT SPOT ] 196

1089 FLATURES WITH AREAS LESS THAN 8,00 3Q, MFTERS WERE ALSO RECOGNIZED

8Y PERIMETER BY SHAPE
METERS FEETY FREQUENCY SHAPE FACTOR  FREQUENCY
0 10 7 0 TO0 22 0 0,0 TO 1,0 0
710 10 22 0 32 0 1,0 TO 1,1 0
10 70 12 32 10 19 0 1.1 10 4,2 ®
12 10 14 39 10 s 4 1,2 10 1,3 0
14 10 16 4S T0 s 19 1,3 70 1,4 23
16 T0 17 52 10 sS 13 1.4 70 1,5 1
17 10 20 55 T0 85 4 1,5 70 1,0 29
20 TO 22 6S T0 72 29 1,6 10 1,7 9
22 10 24 72 10 78 10 1,7 70 ,8 aq
24 10 26 78 TO 85 4 1.8 10 1,9 2
26 10 28 85 10 91 1e 1,9 TO 2,0 16
28 10 30 91 10 98 7 2,0 TO 2.4 a7 \
30 Tn 32 98 T0 104 9 2.4 T0 2,8 6
32170 %9 104 0 127 1" 2.6 T0 2,8 3
39 10 4S 127 10 147 9 2.8 10 3,0 S
4s 10 SS 147 TO0 140 8 3,0 T0 3,5 2
| SS o 71 180 to 232 8 3.5 TU 4,0 |
7L T0 100 232 10 328 4 4,0 TO 4,S 0
OVER 100 OVER 328 3 OVER 4,5 2

115




D ERIM

TABLE 18

NEVN
AREA DISTRIBUTIONS

= Ave. + 1.
DISTRIAUTION OF RECOGNIZED HOT 3POT (mresmld s ke TR °)

2.0 - 2.6 um
BY AREA
SQUARE METERS FREQUENCY
8,0 T0 10,0 286
10,0 YO 15,0 126
1S.0 T0 20,0 141
20,0 TQ 25,0 69
25.0 0 30.0 26
3o.0 10 35,0 40
35,0 Tu 40,0 7
40,0 10 45,0 19
4S,0 YO $0,0 18
50,0 YO 75.0 38
7S.,9 10 100,0 16
100,0 TO 150,0 18
‘socﬂ 10 200.0 ’3
290,0 10 250,0 [}
250,0 TO 300,0 2
300,0 YO 400,0 S
§90,0 TO 595,0 2
OVER 500,0 12
TUTAL NUMBER OF NNT SPOT . ads
3248 FEATURES WITH AREAS LESS THAN 8,00 30, METERS WERE ALSO RECUGNIZED
BY PERIMETER BY SHAPE
METERS PEETY FREQUENCY SHNAPE FACTULR FREQUENCY
0 Y0 7 [V {3] 22 0 0,0 TQO 1,0 0
7T I 10 22 10 32 0 1.0 70 1,1 0
10 10 12 32 39 0 1.1 T0 1,2 18
12 1 14 39 10 45 13 1,2 TO 1,3 4
14 10 16 4S 10 52 92 1,3 70 1.0 1t
ts 10 17 S2 10 55 47 1.4 70 .S S
{7 0 20 SS Y0 65 172 1.5 70 1,6 127
20 10 22 65 10 72 As 1.6 T0 1,7 20
22 10 24 72 Y0 78 22 1,7 10 1,8 148 \
24 TO  2» 78 T0 (1} 19 1.8 10 1,9 19
26 10 28 84S 10 91 48 1,9 10 2,0 52
28 10D 30 91 10 9 29 2.0 TQ 2,4 165
30 TO 32 Q& YO 104 28 2.4 749 2,6 us
3z 10 39 foa T0 127 S3 2.6 0 2,8 31
39 10 45 127 ™n 147 38 2.8 T0 3,0 22
4s 10 SS 147 10 180 4s 3.0 TO 3,5 34
5% 10 71 180 T0 232 36 3, ™0 4,0 19
71 10 100 232 10 328 40 4,0 10 4,5 18
OVER 100 OVER 328 78 OVER 4,5 31
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TABLE 19
NEVN
AREA DISTRIBUTIONS
DISTRIBUTION OF RECOGNTZED NOT $POT ('I‘hreshold = Ave. + 1.50 )
BY AREA 4.5 - 5.5 um
SQUARE METERS FREQUENCY
4,0 10 10,0 66
10,0 TO 15.0 S0
15.0 10 20,0 ua
20,0 TU 25,0 2S
25.0 U 30,0 13
30,0 O 35,0 13
38,0 T0 40,0 3
40.0 T0 4s,0 S
45,0 T $0,0 )
50,0 Y0 75,0 37
15,0 T0 100,0 1"
100,0 YO 150,0 18
150,0 TO 200,0 b4
200,0 1O 250,0 )
2%0,0 T 3n0,0 |
300.0 fO 400,0 2 s
400,08 TQ 00,0 S
OUVER $00,0 22

TOTAL NUMBER OF WOY SPOT ] 318

§39 FLATURES WITM ARFAS LESS TNAN 8,00 SQ, METERS WERE ALSO RtCOGNIZED

8Y PERIMETER BY SHAPE
METERS FEEY FREQUENCY SHAPE FACTUR FREQUENCY
0 T0 7 0 T0 22 0 0,0 YO 1,0 0
7 10 10 22 10 s2 0 1,0 TO 1,1 0
10 10 12 32 Tn 39 0 1.1 T0 t,2 ?
12 10 14 39 V0 (%) 3 1,2 TO 1,3 3
14 10 18 4S Y0 se 28 1,3 10 1,4 32
16 10 17 s2 10 ss 19 1.4 70 1,5 4
17 Y0 20 SS T0 &S 4s 1,5 10 1,0 58
20 10 22 6S Y0 T2 21 1.6 TO 1,7 L)
22 10 24 72 74 1e 1.7 70 1,8 a0
24 1D 2o 78 T0 8s 3 1.8 TU 1,9 12
26 10 28 AS YO 9\ 22 1.9 10 2,0 21
28 t0 30 e TO 98 11 2.0 T0 2,4 44
30 10 32 8 10 104 9 2.4 0 2.6 10
32 10 39 104 T0 127 24 2.6 Y0 2,8 ®
39 10 4s 127 vo 147 13 2.8 Y0 3,0 4
45 T0D SS 167 0O 180 13 1,0 T0 3,5 19
SS 10 n 180 T 2%2 21 3.5 T0 4,0 9
TL 10 100 232 10 328 19 4,0 TO 4,S 9
OVER 100 (OVER 328 S4q OVER 4,5 1%
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TABLE 20

NEVN

AREA DISTRIBUTIONS

OISTRIAUTION OF ReCOGNIZED WNT 8POT

SQUARE METERS

8.0 1O

10,
1S.
20,
2S.
30,
3S.
4o,
4s,
S0,

0 10
0 10
0 10
0 10
0 10
Q0 T0
0o ™
0 T0
0oT™

79,5 T0
100,0 TO

150,
200,
2sn,
so“ .
490,

0 70
0 T0
n 10
0 T0
0 70
IVER

1
1
2
2
3
3
q
4
S
7
10
15
20
25
30
40
S0
S0

0.0
5.0
0.0
5.0
0.0
9.0
o'o
S.0
0.0
540
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0

BY AR

TOTAL NUMBER OF HQT SPOY

349 FEATURES WITH AREAS LESS THAN 8,00 SQ, METERS WERE ALSO RECOGNIZED

METERS

% 10 7
710 10
10 10 12
12 10 14
14 10 1]
16 10 17
17 10 20
20 10 22
22 10 24
24 1N 26
26 TO 28
28 10 30
39 10 32
32 10 39
319 10 4s
4s 10 5S
S5 10 71
71 10 100
OVER 100

BY PERIMETER

0
22
32
39
4s
52
5S
65
72
78
8s
91
98

104
127
1a7
180
232

0

FEET

T0
10
70
10
10
10
T0
T0
T0
T0
T0
T0
10
10
10
T0
m
70
VER

22
32
39
as
Se
55
6S
72
78
8s
91
98
104
127
147
180
232
328
328

€A

FREQUENCY

63
at
49
23

7
1

1

- N

ONO OB N

n

s 284

FREQUENCY

<'1‘hreshold = Ave. + 1.00 c>
9.0 - 11.4 um

BY SHAPE
SHAPE FACTQR FREQUENCY
0,0 TO 1,0 1
1,0 TO 1.1 Q
1,1 10 1,2 13
1.2 T0 1,3 2
1.3 70 1,4 47
1.4 TO 1,5 8
1.5 T0 1,6 S4
1.6 70 1,7 14
1.7 70 1,8 36
1.8 70 1,9 12
1,9 10 2,0 23
2.0 TO 2.4 23 1
2.4 10 2,6 9
2.6 Y0 2,8 8
2.8 10 3,0 Y
35,0 T0 3,5 b4
3,5 10 4,0 74
4,0 70 4,S 6
OVER 4,S 8
e
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TABLE 21

NVH1 (Desert #1)
AREA DISTRIBUTIONS

(Thteshold = Ave. + 2.00 3)

DISTRIBUTION OF RECOGNIZED HOT SPOT 3.0 = 4.2 um

BY AREA
SQUARE METERS FREQUENCY
8,0 10 10,0 176
10,0 TO 15.0 88
15,9 10 20,0 84
20,0 10 25.0 31
25,0 10 30.0 18
Jo,0 10 35.0 10
35.0 10 60,0 10
40,0 TO 48,0 9
4S,.0 10 $0,0 L
50,0 TO 75,0 10
75.0 10 100,0 3
100.,0 TO 150,0 [
150,0 10 200,0 2
200.0 TO 2%50,0 0
250,0 10 300,0 0
300.,0 TO 400,0 0
400,0 TO 500,0 ¢ 0
OVER $00.,0 ] ’

TOTAL NUMBER OF HOT SPOT a 59

1770 FEATURES WITH ARFAS LESS THMAN 8,00 30, METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOK  FREQUENCY
0 T0 14 [ 17 22 1 0,0 TU 1,0 1
7710 10 22 10 32 0 1,0 70 t,!¢ Q
10 10 12 32 10 39 ¢ 1,1 Y0 1,2 76
12 70 14 39 10 as 68 1,2 TO 1,3 S8
14 10 16 4SS T 52 98 1,3 70 (.4 97
1e 0 17 s2 T0 sS 16 1.4 T0 1,5 19
17 10 20 5§ 10 8S 91 1,5 10 1,0 S8
20 f0 22 85 Tu 72 32 1.6 T0 t,? 22
22 T0 24 12 0 78 11 1,7 O 1,8 33
24 10 20 78 TO as 25 1.8 T0 {,9 ®
26 10 28 8% Yo 91 12 1,9 10 2,0 22
28 T0 Y0 91 10 98 19 2.0 10 2,4 19
30 To0 32 98 Tn 104 ° 2.4 10 2,6 12
32 10 39 104 TOQ 127 21 2,8 T0 2.8 8
29 10 4 127 Yo 147 13 2.8 TO 3,0

4s 10 SS 147 Y0 180 15 3.0 T0 3,5 S
Ss 10 M 180 YO  2%2 14 .5 0 4,0 1
7L T 100 232 10 328 11 4,0 10 4,5 |
OVER 100 OVER 328 6 OVER 4,S 0
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TABLE 22

NVH1 (Desert #1)
AREA DISTRIBUTIONS

DISTRIBUTION OF RECOGNIZED WNT SPOTY (Threshold = Ave. + 1.50 ¢ )
BY AREA 4.5 - 5.5 um /
' SQUARE METERS FREQUENCY
8.0 0 10,0 155
10,0 10 15,0 119
15.0 T0 20,0 146 >
) 20,0 10 25,0 o1
25,0 10 30,0 28
30,0 10 35,0 30
35,0 10 40,0 10
40,0 TO 4S,0 19
45,0 T0 $0,0 1S
S0,9 10 75,0 38
75.0 T0 100,0 19
100,0 TO 150,0 el
150,0 10 200,0 u
200,0 TQ 250,0 b
250,0 YO 300,0 (Y L4
3o0n,0 TO 400,0 0 -
400,0 TO $00,0 3
OVER 500,0 0

TUTAL NUMBER OF HOT SPOT @ 872

1102 FEATURES “ITH AREAS LESS THAN 8,00 S0, METERS WERE ALSD RECUSNIZFD

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

e 10 7 0 ™D 22 0 0,0 T0 1,0 1 i
7T 10 10 22 Tn 32 0 1.0 7O 1,14 0 |
10 10 12 32 10 39 0 1¢1 YO 1,2 24 |
12 10 14 39 T0 4s 8 1,2 70 1,3 9 1
14 10 16 4S Y0 52 89 1.3 70 1,4 107

16 10 17 s2 T 5S a3 1,4 T0 1,5 21 ~
17 10 20 $S T0 (1] 110 1.5 T0 1.6 121
20 10 22 65 TO 72 1] 1.6 70 1,7 34 '
22 10 24 72 Y0 78 38 1,7 10 1,8 78
24 T0 2e 78 10 as 14 1.8 10 1,9 18 |
26 10 28 8s 10 91 ay 1.9 T0 2,0 4s \
28 10 3o 91 T0 98 26 2,0 TO 2,4 122

310 10 32 98 YO 104 39 2.4 10 2,0 25

32 10 39 104 TO 127 So 2.6 10 2,8 18

39 10 qs 127 TQ 147 26 2.8 T0 3,0 S

4s 10 5SS 147 10 180 36 35,0 TO 3,5 24
ss 1o 1y 180 T0 232 28 3,5 10 4,0 7

7y 10 100 232 10 328 13 4,0 10 4,5 9

OVER 100 OVER 328 37 OVER 4,5 3
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TABLE 23

MVH1 (Desert #1)
AREA DISTRIBUTIONS

DI3TRIBUTION OF RECOGNIZED WOT $POT (Threshold = Ave. + 2.00 cr)
g 9,0 - 11.4 um
SQUARE METERS FREQUENCY
8.0 10 10,0 126
10,0 T0 15,0 02
15,0 T0 20,0 76
20,0 YO 25,0 36
25.0 10 30,0 12
30,0 10 35.0 17
35.0 T0 40,0 2
40,0 TO a4s,0 a
45,0 10 So0.0 1
50,0 10 75.0 9
75.0 YO 100,0 2
100,0 TO 150.0 1
150,0 10 200,0 3
200,0 TO 250.0 1
250,0 TO 300.0 0
300,0 10 400,0 0 B
400,0 YO S00.0 0
NVER 500,0 1

TOTAL NUMBER OF HOT SPOT s 353

860 FEATURES WITH AREAS LESS THWAN 8,00 SQ, METERS wWERE ALSO RECOGNIZED

BY PERIMETER BY SMAPE
METERS FEET FREQUENCY SHAPE FACTOR  FREQUENCY
010 7 0 T0 22 0 0,0 TO 1,0 2
710 10 22 T 32 2 1.0 B 1.1 0
10 10 12 32 ™n 39 0 1.1 T0 1,2 9
12 10 14 39 10 as 1 1,2 70 1,3 6
14 10 18 4s T0 52 69 1.3 10 1,4 T4
16 b0 17 s2 M 5% 31 1,4'10 1,5 8
17 10 20 SS TQ 85 72 1,5 10 1.0 79
20 T0 22 65 TO 72 28 1.6 70 1,7 12
22 10 24 12 0 78 21 1,7 10 1,8 50
E | 24 10 26 78 TO AS : S 1,8 70 1,9 15 |
: 26 1O 28 85 T0 91 24 1.9 18 2,0 s E
<28 TO 30 91 TO0 98 18 2,0 10 2.4 u3 !
30 O %2 98 TO 104 14 2.4 TO 2,6 10
32 10 39 104 TO 127 3 2.6 TO 2,8 6
! 39 0 4S 127 10 147 9 2,8 10 3,0 1
i 4s 10. 55 147.7T0 180 9 3,0 1O 3,5 2
: sS 10 71 180 To 2%2 , 9 3,5 TO 4,0 2 »
71 T0 100 232 0 328 4 a,0 T0 4,5 1
OVER 100 OVER 328 6 (VER 4,5 1
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TABLE 24

NVH1 (Dry Lake)
AREA DISTRIBUTIONS

DISTRIBUTION OF RECOGNIZED HOT SPOT <Threshold = Ave. + 1.00 c)
3.0 ~ 4.2 ym
BY AREA
s SQUARE METERS FREQUENCY

8.0 TO 10,0 161
10,0 TO 15.0 14
15.0 T0 20.0 86
20.0 T0 25.0 as
25.0 10 30.0 12

30.0 10 35.0 17 y

35.0 10 40,0 7 :

40,0 T0O 4S,0 12
45.0 10 50.0 9
50,0 TO 75.0 16
75.0 T0 100,0 S
100,0 10 150.0 6
150,0 1O 200,0 S
200.0 1O 250.0 2
- 250.,0 1O 300,0 0
300.,0 TO 400,0 0
200,0 TO 500..0 0
OVER S00,0 3

1 TOTAL NUMBER OF HQT SPOT ] 460

1536 FEATURES WITH AREAS LESS THAN 8,00 8SG, METERS WERE ALSD RECOGNIZED

BY PERIMETER BY SHAPE
1 METERS FEEY FREQUENCY SHAPE FACTOR FREQUENCY
0 70 7 0 70 22 0 0,0 TC 1,0 0
7710 10 22 T0 32 0 1,0 TO {,1 0
10 7O 12 32 70 39 0 1.1 70 t,2 St
12 10 14 39 T0 as 46 ’ 1.2 70 1,3 36
14 10 16 4S TO 52 72 1,3 T0 1.4 71
16 TO 17 52 T0 S5 15 1.4 T0 1,5 té
17 10 20 SS T0 65 84 1,5 TO 1,6 S3
20 10 22 65 T0 72 42 1,6 TO 1,7 11
22 10 24 72 TOr 78 16 1,7 70 1,8 52
24 10 26 78 T0 - 85 11 1,8 T0 1,9 10
26 10 28 8S T 91 23 1,9 T0 2,0 19
28 10 30 91 70 98 17 2,0 TO 2.4 69
30 10 32 98 TN 104 8 2,4 10 2.6 24
32 10 319 104 TO 127 33 2,6 TO 2,8 14
39 10 45 127 10 147 19 2.8 10 3,0 6
4s 10 SS 147 T0 180 24 3,0 TO 3,5 13
5SS 10 71 180 TO 232 15 3.5 10 4,0 ®
7¢ YO 100 232 T0 328 14 4,0 70 4,S S
OVER 100 NVER 328 21 OVER 4,5 4

PR PRIV SE—— e s s e




D ERIM

OISTRIBUTION OF RECOGNIZED WAT SPOY

SQUARE METERS
8.0 10 1
10,0 T0 1
15,0 TQ 2
20,0 TO 2
25.0 10 3
30,0 TO 3
35,0 TO '}
40,0 10 ']
45,0 0 S
S0,0 TO 7
75,0 T0 10

100,0 TO 15

150.,0 TO 20

200,0 TO 25

250,0 TO 30

300,00 TO 40

400,0 10 So

OVER S0

0.0
S.0
0,0
S.0
0,0
5.0
0.0
S¢0
0.0
S.0
0.0
0,0
0.0
0,0
0.0
0.0
0.0

TABLE 25
NVH1 (Dry Lake)

AREA DISTRIBUTIONS

BY AREA 4.5 - 5.5 um
FREQUENCY
3
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
s ?

TOTAL NUMBER OF WUT SPOT

S4 FEATURES wWITH AREAS LESS THAN 8,00 SG, METERS WERE ALSO RECOGNIZED

METERS

0 710 7
710 10
10 T0 12
12 10 14
14 10 16
16 10 17
17 10 20
20 TO 22
22 10 24
24 1D 2e
26 10 28
28 10 30
390 10 32
32 10 39
39 70 4s
4s 10 55
SS 10 71
71 10 100
QVER 100

BY PERIMETER

0
2?2
32
39
4s
se
SS
65
72
78
as
91
94

104
127
147
180
232

FEET

)
10
10
T0
10
T0
T0
10
10
10
T0
T0
T0
10
10
10
T0
10

OVER

22
32
39
4s
52
SS
65
72
78
8s
91

104
127
147
180
232
328
328

('I'hreshold = Ave. + 1.50 o)

e g —————

BY SHAPE

FREQUENCY SHAPE FACTOR FREQUENCY
1
1
1
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
2
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==
TABLE 26
NVH1 (Dry Lake)
AREA DISTRIBUTIONS
OISTRIBUTION OF RECOGNIZED HOT 8eQY (Threshold - Ave. + 1.%0 J)
BY AREA 9.0 - 11.4 um
JOUARE WETERS FREQUENCY
’i
' 8.0 10 10,0 6
10,0 10 15.0 3
15.0 Y0 20,0 3
27,0 YO 25,0 0
25,0 TD 0,0 0
30,0 Y0 35.0 0
15,0 10 40,0 0
40,0 10 as,0 0
45,0 10 $0.0 )
50,0 TO 75,0 0
7.0 10 100,0 0
100,0 10 150,0 0
150,0 70 200,0 0
200,0 10 250,0 0
250,0 TQ 300,0 \
300,0 TO 400,0 0 #
400,0 TO $00,0 0
OVER 500.0 4
TOTAL NUMBER OF WOT SPOT . 18

6 FEATURES WITH AREAS LESS THAN 8,00 30, METERS WERE AL3D RECOGNIZED

BY PERIMETER AY SHAPF
METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY
0 T0 7 0 to 22 { 0,0 YO 1,0 ?
7710 10 22 10 %2 4 1.0 10 1,8 0
10 10 12 32 1o 39 1 1,1 10 .2 4
12 10 14 39 YO 4s 3 1,2 710 1.3 2
14 0 1o 4S Y0 52 0 1,3 10O .8 1
16 10 17 s2 10 $S 0 1,4 T0 1,5 0
17 10 20 §S 0 S 4 1,5 70 1,0 0
20 10 22 68 10 72 ) 1,6 10 1,7 0
22 10 24 72 10 78 Q 1.7 10 {,8 )
24 Y0 26 78 T™H 8S 0 1.8 T0 1,9 \]
26 TN 28 8s Y0 91 0 1,9 T0 2,0 0
28 10 30 91 T0 93 0 2,0 T0 2,4 2
10 10 32 9% T0 104 0 2,4 10 2,0 0
12 n 19 104 YOO 127 0 2.8 TO 2,08 1
19 10 4s 127 0 147 [} 2.% YO 30 0
“S 10 SS 147 TO 180 0 1,0 T0 3,8 0
$§ 10 " {AO TN 232 1 3,5 10 4,0 0
71 10 100 232 10 328 0 4,0 10 4,5 0
UVER 100 GVER 328 4 OVER 4,5 |

—
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Area: NEVN

Radiance Threshold
= Ave. + 1.80 ¢

Wavelenath = 2.0 - 2.6 um

EOUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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Area: NEVN

Radiance Threshold
= Ave. + 2.50 o

Wavelenath = 2.0 - 2.6 um

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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FIGURE 22.

Area: NEVN

Temperature Threshold
= Ave. + 1.50 o

Wavelenath = 4.5 - 5.5 um

EOUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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FIGURE 23a.

Area: NEV

N

Temperature Threshold
+ 1.00 & \

= Ave,
Wavelenath

QN - 11.4 .um

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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3
e - ‘\ Area: NEVN
; \ Temnerature Threshold
\‘ = Ave. + 2.00 o
\ Wavelenath = 9.0 - 11.4 um
N )

FIGURE 23b. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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Area: NVH! (Desert 1)

Temperature Threshold*
= Ave. + 2.00 ¢

Wavelenath = 3.0 - 4.2 um

*The straight confiqurations are noise.

FIGURE 24a. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 24b.

Area: NVH1 (Desert 1)
Temperature Threshold

= Ave. + 3.00 ¢

Wavelength = 3.0 - 4.2 um

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 25a.

Temperature Threshold
= Ave. + 1.50 o

Wavelenath = 4.5 - 5.5 um

EOUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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EOUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Area: NVH1 (Desert 1)

Temperature Threshold
= Ave. + 3.00 ¢

Wavelength = 9.0 - 11.4 um

FIGURE 26b. EOQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Area: NVH1 (Dry Lake)

Temperature Threshold*
= Ave. + 1.00 o

Wavelength = 3.0 - 4.2 um
*The straight configurations are noise.

FIGURE 27a. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Area: NVH1 (Dry-‘Lake)

Temperature Threshold
= Ave. + 2.00 o

Wavelength = 3.0 - 4.2 um

FIGURE 27b. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Area: NVH1 (Dry Lake)

Temperature Threshold
= Ave. + 3.00 o

Wavelength = 3.0 - 4.2 um

FIGURE 27c. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Area: NVH! (Dry Lake)

Temperature Threshold
= Ave., + 0.50 o

Wavelenath = 4.5 - 5.5 um

FIGURE 28. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT

139




ERIM

Area: NVH1 (Dry Lake)

Temperature Threshold
= Ave. + 0.50 ¢

Wavelength = 9.0 - 11.4 um

FIGURE 29. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Tables 17 through 26 amplify on some of the qualitative statistics

discernable from the pictures by including quantitative data enumerating
such factors as the frequency at which various sized areas occur, the
frequency of occurrence of perimeters of the actual areas represented

by the ellipses, and the shape factor frequency, where the shape factor
is defined by:

2
Shape Factor = Lﬂw
varea/rw

No attempt was made to cause the figures and tables to overlap completelv.

In order to give a pictorial presentation of these data, we show a few

of those showing frequency as a function of area in Figures 30 through
35. The ordinate in these figures represents the frequency of occur-
rence per square kilometer of the area given on the abscissa in a 5

square meter increment.
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1000.00
100.00
L,
P T Mountains: 1044 hrs,
~N 35° Depression angle
§ 10.00 ax =2.0 - 2.6 um
(3]
E -
("ol
Y e
> e
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& e A. Threshold = Ave.+ 1,50 @
=
2
1.00 p=——
™ =
=
— 12 events =
== over 500 m
- B. Threshold = Ave.+2.50 ¢ f
0.10—
=
- 1 event 2
- over 300 m
0.01 | |
0 100 200 300
AREA (m?)

FIGURE 30. FREQUENCY OF FEATURE (AREA) SIZES PER SQUARE KILOMETER

IN 5-m? INCREMENTS
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10.00 Ax =45 -5.5 um
Ni‘ g Threshold = Ave, +1.50 ¢
£ =
2]
Ny -
> oo
U 5
z i—
< P ‘
-
< : ;
g 100 i
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0010 ":—
=
, =
0.01 | | |
0 100 200 300
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FIGURE 31. FREQUENCY OF FEATURE (AREA) SIZES PER SQUARE KILOMETER
IN 5-m? INCREMENTS
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1000.00
=
100.00|
Mountains: 1044 hrs.
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5 10.00 Ax = 9,0 - 11.4 um
oo A. Threshold = Ave.+ 1.00 ¢
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- over 500 m
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0.10 p—
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0.01 | | |
0 100 200 300
AREA (m?)

FIGURE 32. FREQUENCY OF FEATURE (AREA) SIZES PER SQUARE KILOMETER
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IN 5-m” INCREMENTS
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FIGURE 33, FREQUENCY OF FEATURE (AREA) SIZFS PER SQUARE KILOMETER

TTEn

|

I Illlm]

Desert: 1051 hrs.
35° Depression angle
Ax =9.0-11.4um
Threshold = Ave. +2.00 &

e
P 1 event 2
o over 250 m
B
- 0

f i B
0 100 200 300

AREA (mz)

IN 5-m2 INCREMENTS

145




ERIM

1000.00

o
T ¥l 11
LR A

) |
LE

100.00

=
4
s
44—
-
-

Desert: 1051 hrs.

~ 3s5° Depression angle
E 10.00/ A =45 -55um
~ s A. Threshold = Ave.+1.50 ¢
: — |B. Threshold .
-i) = = Ave,+2.00 & 3 events
= P over 300 m2
3
2 Lool—
» —
=
0.10 —
. 0 0
h
| | |
.01
bl 100 200 300
AREA (mz)
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Statistical analyses of

4.0
CONCLUSIONS

the IR radiation from mountainous and

desert terrain backgrounds are discussed in this report, which is meant

to supplement the results reported in Reference 2. 1In Reference 2, the

comments which refer to similar analyses in this report are, of course,

still pertinent. The particular statistics analyzed in this study were

chosen with the intent of providing information which will be generally

useful, but which will be particularly useful to the systems designer.

Parameters other than those in Reference 2 were centralized in the

present analysis, some of which indicated definite trends, others of

which less typify the details in the scenery. For example, a comparison

of results corresponding to different flight directions, especially over

mountains, showed definite differences, indicating certain trends, but

the effect was not sufficiently dramatic to single out flight direction

as a very sensitive parameter. In fact, if we were to measure events

which occur beyond the limits of the sensor's current dynamic range, we

may perhaps see no significant difference.

The comparison of clear
of lower average temperature
the comparison of morning vs
fruitful, as can be observed

come into play on relatively

vs overcast skies yields the expected result
and less clutter for the latter; however,
afternoon results over the deser. is not as
from Figure 36, because so many parameters

little data. A more significant trend can

be observed in Figure 37 where the diurnal variation in the mountain

data is exactly as would be predicted on a geological scale.

In Figures 36 and 37, the letters correspond to the various runs

designated in Table 1. (For

example, L corresponds to NEVL.) Runs

corresponding to B, C, D, E and F were taken from Reference 2. The

x's correspon& to the mean values of the temperatures for different
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subareas. The horizontal 1limit marks indicate the standard deviation

for the total area in each case. The curve designated 'thermal" is
meant to "fit" the data from those bands in which thermal radiation
dominates the solar reflection. The curve designated "reflective" is
meant to "fit" the data from those bands in which the sun's influence
is sizeable. The curve designated "sun'" is the solar irradiance for
the Nellis AFB region.

For most purposes, the 4.5 - 5.5 and 9.0 ~ 11.4 um bands were con-
sidered strictly thermal in the analysis of the data in this report and
the results seem to verify that they are essentially interchangeable

except for the slight effeét of absorption in the atmosphere in the

4.5 - 5.5 ym band. For the short ranges of 1000 ft and the low desert-

type humidities, no discernible alterations need be made. However, as
the ranges increase and the amount of absorber increases, the two bands

may be interchanged ékly after the proper atmospheric corrections are

made.

Most of the comments above are made on the basis of the average
quantities measured, many of which can be predicted from relatively
simple physical reasoning. However, the full impact of the results
in this report and in Reference 2 are in the statistics which can only
be obtained experimentally. The data in these two reports, and others
which precede them, convey a lot of information useful to designers of
IR equipment. How much of the world they actually represent is something
which can be discerned only after careful examination of the collective

results in terms of realistic scenarios.

It is very likely to be found that additional, carefully planned
measurements must be made. But at the same time, it is necessary to go
beyond collecting and comparing results and perform an analysis which

will demonstrate the deficiencies in the collection of data up to this
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point and guide the planning of future measurements. We believe we have
a reasonable grasp of the statistics in a variety of terrain types.
However, more effort will be put in later into attempting to find
seasonal variations, for example. Also very little data have been
gathered over water to help us make definitive statements about glint.
We have not yet pointed the sensor skyward to learn about the effects

of clouds and sky gradients. Even in the terrain cases, we have not

vet made observations at skimming angles. Although the results have

not been dramatic, we have shown that changing the sensor elevation

by 35° effects some change in the data. Perhaps at shallower angles,

the results will be dramatic.

We believe, therefore, that a two-pronged program is necessary:
one being to collect and synthesize all of the data already available;
the other being to make measurehents which will fill the gaps in the
background base to satisfy effectively the requirements of the sensor

designer.
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APPENDIX A
LINEAR SUBAREA PLOTS (HISTOGRAMS)

The figures in this appendix are plotted linearly as a function
of radiance for 2.6 - 2.0 um and as a function of temperature for the
other spectral regions. Consult the body of the report for log-plots
of the statistics as a function of radiance for the long wavelength

spectral regions. See Table 1 for pertinent parameters.

In each case, the subareas are pletted on a single curve for each
of the respective spectral regions, followed by plots in the same
spectral regions of the total area analyzed. The total areas are given
in Table 1. In the mountain scenes, the total area was divided into
:
|
:

4 regions. The desert scenes are first subdivided into Desert #1,

Desert #2, and Dry Lake areas. The sizes are shown in Table 1. Each

of these is further subdivided into 2 areas.

We point out here, because it is more noticeable than in the log-

plots in the body of the report, that the histograms for the dry lake
has two humps. We believe, however, that this is caused as much
perhaps by data from the desert part of the scene, which managed to

sneak into the analysis, as by a true bimodal structure of the lake.
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D ERIM

APPENDIX B

POWER SPECTRA

This appendix shows the one-dimensional power spectra for the
imagery analyzed in the body of the report for the runs shown in
Table 1, in which the essential parameters associated with the dif-

ferent runs are shown.

The cross-track power spectra were obtained by averaging the
one-dimensional power spectrum measured for all of the lines covering
the areas described in the body of the report. The in-track power
spectra were obtained by averaging the one-dimensional power spectrum
of seventeen lines taken along the length of the image énd equally

spaced across it.

In Reference 2, it was noted that certain artifacts appearing
in the imagery were apparently due to electxl‘ical pick-up on-board the
aircraft. The same feature which appears as a discontinuity in the

spectrum is present also in some of these spectra. An attempt will

be made to eliminate it from future measurements.
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