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1.0

INTRODUCTION AND SU~~1ARY

A backgrounds measurement and analysis program is being conducted
for the Navy O p t i c a l  S ignatures  Program for  the puroose of gen e r at i ng

c a l i b r a t e d  digital imagery over various t e r r a i n  backgrounds . genera t ing
s tat i s t i c s  fo r  these scenes use fu l  fo r  c la s s i fy i n g  various ba ckground
types , and for  developing st a t i s t i c a l  measures that  can he related to
various sy stem performance characte r i s t i c s .

Previous e f f or t s  on this  program have included a l i t e r a t u r e  search

and b ib l iography of available backgrounds data [Reference 11. In addi-

t io n , selected terrain backgrounds data  co1~lected wi th  the ER IM .a i rhorne

m u lt i s p e c t r a l scanner were analyzed and the r e sult s  reported E R e f e r e n c e s  2
and 3 1. ER IM a i rborne  m ult i s p e c t ra l  scanner data are especially suit able
for terrain  backgrounds analysis because the data  are mu lt i s p ec tr a l ,

registered , calibrated , in d ig i t a l  forma t , avai lable  with a ground spa t ia l

reso lution of two to three feet, and provide a large coverage of the

• t e r ra i n .  The dat a  t h a t  were av a i l a b l e  for  the car iv  ana ly s i s  c f f o r t s
• reported in References  2 and 3 were pr imar i ly  data  in spectral  hands

posi t ioned between 1.0 and 2. 5 urn and in the 8.0 — u . S ~m spect ral

reg ion.

The current report extends the work reported in Reference 2, usinc

airborne data collected over a desert and mountainou s terrain at  Ne l li s

A ir Force Base in February 1978. Data were collec ted with the ERI” “—

multispectral scanner in the mid—IR in spectral hands from .~~~ 
— 2.~~,

3.0 — 4 . 2 ,  3 .5  — 3.9 , 3.~ — 3.7, 4.5 — 6.6, and ~.l — ~~. urn, as well

as in the spec tral band from 0.0 — 11.4 t i m .

An extensive series of fligh ts at Nellis AEB was made in order to

assess and compare the statistical characteristics of  the desert and

mountainous te r ra in  under a var ie ty  of condit ions . A subset of the data

_ _  - -- --- - - - ~~~~~~~ -- -_. . 
~~rn -
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was selected in order to analyze 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 , sp ec-
tral correlation coefficients , ellipse statistics , histograms , and power
spectra.

Several observations were -renorted in Reference 2 on the data ,
among which were: effects of spectral band changes: differences in

terrain clutter; effec t of depression angle changes ; ef fec t of solar
radiat ion.  Many of  the same observations were made in the analysis for
this report and various comparisons were made to determine consistenc ies
or trends . These are discussed in the following paragraphs.

( Ii) One migh t expect d i f ferences  in the resul ts in accordance with
f l igh t d i rect ion .  Some results were borrowed t roTh Reference 2 to increase
the sample size. Even w i t h  these , the d i f ferences  are not dramatic ,
although we do note , for example , tha t  the c l u t t e r  appears to be smallest
for  f l i gh ts heading nor therly , compared to f l i gh t s  headed southward . On
th e basis of these data , we would not consider f l i gh t d i rec t ion  an impor—

tant  control l ing parameter. However , we have so far  only been able to

test for depression angles of 35 0 or greater . Perhaps a more dramatic
tendency , bo th in average temperature and c lu t te r  d i f fe rences , wil l  he

found for shallower depression angles , part icular ly over mountains .

(2~ As regards clear vs overcas t condit ions , the data conf i rm the

predictable: tha t  the mean temperatures and the c lu t t e r  are less for

overcast conditions than for  clear , sunny conditions .

(3 )  An at tempt to compare the morning desert with the af ternoon

desert was compromised by 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 s i tuated in the desert which appears generally cooler in

S 
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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 regions at ‘p .5 — 5.5 ~im and 9.0 — 11.4 urn

yields the anticipated outcome that the apparent temperatures agreed
wi thin a fac tor which could easily account for the higher absorption in
the 4.5  — 5.5 urn region than in the 9.0 — 11.4 urn region.

The r emainder of the report is devoted to (Section 2) a brief des-
cription of the ERIM multispec tral scanner used to collec t 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

mad e 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 .

r
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2.0

!‘IITLTISPECTRAL SCANNER

Figure 1 is a schematic of the M—7 multispectral scanner. Radiation

in the visible portion of the spectrum is collected in detec tor position

number 3, dispersed , and sensed with 12 photomultipliers . By use of a

dichroic beam splitter , energy beyond 0.9 urn 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 urn. The three—element

InSb array used for some flights was filtered to 2.0 — 2.6, 3.0 — 4.2,

and 4.3 — 5.5 urn. A filtered HgCdTe detector was used in detector posi-

tion LA. ye some f l igh ts , a 5.1 — 5 . 7  urn f i l t e r  was used , on others a
9.0 — 11.4 urn 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 tnSb detectors are 2.5 rnrad detectors and the H gCdTe 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 f t / s ec . Hence , a scan line is recorded

for every 3.4 f t  of ai rcraf t  motion at a scan rate of 60 lines/sec. At

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 oversainpled. As part of the calibration procedure ,

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

11
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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 a f fec t  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

were s 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 urn. Times of flight for the chosen data were midmorning

and midafternoon. Meteorological conditions were fortuitous. The choice

of meteoro~~gical parameters was determined by availability. They enter

into the analysis only in some generalized way as indica ted 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 f t  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 fligh t , to accoun t for sun angle effects .

3.1 HISTOGRANS

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

4

15 _____________________________ —

• 

- -
~zc~mzG P~ai ~ LAP E

_ _ _ _  

—-“-- -- - -
~~~

- - - -
~~ ~~~~~~~~

— -
~~~~~~---~--~ - --. - ~-- -  ---- -



- — — — — —— •-- —
~

-—- —--- - - —- ——--- - -- - —•-- — — — — -
~~~~~~

..•--—.-—-——- _
~~

s_
~~~~~~—..—.—-.——-.-—-. ----—--— -————- --- — -—

~1RIM

TABLE ].

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 urn

(2—25—78) 1000 Ft. Altitude

35° Depression Angle

1510 Mrs., East, Mountains
1750 x 6750 Ft2

NEVJ 2.0—2.6, 3.5—3.9 , 3.9—4.7 pm

(2—25—78) 1000 Ft. Altitude

350 Depression Angle

1528 Mrs., South, Mountains

1750 x 6750 Ft2

NEVK 2.0—2.6 , 3.5—3.9, 3.9—4.7 urn

(2—25—78) 1000 Ft. Altitude

350 Depression Angle
1543 Mrs., Nor th , Mountains
1750 x 6750 Ft2

NEVL 3.5—3.9, 3.9—4.7, 5.1—5.7 urn

Desert 1 1000 Ft. Altitude

Dry Lake 350 Depression Angle
Desert 2 1554 Mrs. ,  Eas t, Desert
(2—25—78 ) 1750 x 6750 Ft2 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 pm

(2—26—78 ) 1000 Ft. Altitude
35° Depression Angle
1022 Mrs., East, Mountains
1750 x 6750 Ft2

NEVN 2.0—2.6, 3.0—4.2, 4.5—5.5, 9.0—11.4 urn

( 2—26—78 ) 1000 Ft. Altitude
3 50  Depression Angle
1044 Mrs., East, MountaIns
1750 x 6750 Ft2

NVG1 2.0—2.6, 3.0—4.2, 4.5—5.5, 9.0—11.4 pin

• (2—25—78) 1750 Ft. Altitude

90° Depression Angle
~ 1 0926 Mrs., West , Mountains

1850 x 6750 Ft2

NVH1 2.0—2.6 , 3.0—4.2 , 4.5—5.5 , 9. 0—11.4 pm
Desert 1 1000 Ft. Altitude
Dry Lake 35° Depression Angle

F Desert 2 1051 Mrs.,  East , Desert

(2 25 78) 1750 x 6750 Ft 2 
Total

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

Meteorology :
2—2 5—78 , AM — High , thin , scattered clouds , visibility — 15 miles
2—25—78 , P14 — Scattered clouds , light haze in target area ;

visibility a 35 miles , complete cloud cover for NEVL ;

2—26—78 , AN — High overcast , light haze in target area;
visibility — 15 miles.

17
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Clear , 3.9-4.7 , 0914, 900 Depression

Clear, 3.9-4.7, 1034, 350 Depression

• 
_  

_ _

• LFITr~~~~~ 
_ _

• ~~~~~~~~~~~~~~~~

O’Cast , 3.9-4.7 , 1022 , 350 Depression

Clear , 3.9-4.7 , 1511, 35° Depression

FIGURE 2b. IMAGERY , NELLIS AFB MOUNTAINS
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regions were compared. In Fi4ure 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 Tab le 1. The

channel containing the 5.1 — 5.7 pm filter provided the worst data,

i.e., noisy, because of the narrowness of the f i l ter and the effect  of

1120 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: NEG 1
Figure 6: NEVK Figure 10: NEVL

• Figure 7: NEVM Figure ii: NVH2.

The statistics in these histograms represent data from the total area

analyzed f rom the scene , as indicated for each run in Table 1; for
2example, 1570 x 6750 ft 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 NVHl 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—c .

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 setnilog plot of the data presented in this section .

The mountain scenes were divided into 4 equal subareas; the three desert 
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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 shoving total—area statistics must be completely

consistent with the data presented in this section. Table 2 sutmnarizes

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: NEVM
Figure 16: NEVN
Figure 17 : NVG 1
Figure 18: NEW-i
Figure 19: NVHJ.

The two—fold reason for presenting both is that the c -~inal set, i.e.,
temperature distributions, agrees with the forma t 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 differen t regions rela te to each
other. Precise correlations cannot be obtained from them, however ,
because of the hos t of meteorological and physical factors which come

into play. They might be used, though, to infer some generalized quail—

tative behavior in the histograms. Table 3, for instance, shows the
radiance from a diffuse terrain element caused solely by sunl igh t and
from its thermal emission in the various bands indicated. From the

calcula ted ratios, it is seen that reflec ted sunligh t predomina tes in
the 2.0 — 2.6 u rn band, can be equally as effective as thermal radiation

at 3.5 — 3.9 urn , and diminishes in effectiveness beyond. One important

factor which is not included in Table 3 is the possible strong spectral

5] .
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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.

Figure 20 shows the relative amounts of radiation in the thermal

bands as affected by absorption in the atmosphere. The 5.1 — 5.7 urn band

covers a region in which H
2
0 vapor is highly absorptive . Data from this

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 nn 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. In fact, in certain cases, the s tandard
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 imi ly certain chara—

ten s tics 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

deser t, caused by the greater variability in mountainous terrain, and
resulting in shadows. Note in the desert results in this renort that

the curve has a bimodal shape, probab ly 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 scenery , 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 af ternoon runs was usual ly  greater than

for morning runs by approximately 5 K.

Similar comparisons can be made in the results of the data  in this

report. Others, covering diff erent 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 immediately 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 scenery included

in this report is small enough that the means and standard deviations

of the radiances can be derived directly from those or the tempera tures
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 reconunended that the past practice of recording statistics

in terms of temperature distributions be continued , even if they are
101 
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presented concomi t an t ly  with radianc e d i s t r i bu t ions . I t  i~ so much
easier to make comparisons in the resul ts  between sp ectra l regions as
tong as the tosses in the system and the atmosphere , and the spec t ra l
v ar i ab i l i ty  of the emissj vj tv  of the t e r ra in  are understood reasonably
w e l t .  Comparing resul ts  in t erma ot  t emper atu re  a l l o w s  us to remove

at  least  one important but manageable variable, the Planck f u n c t i o n .

~~. 1 FURTHER CO~~ ARISO NS

E n t igh t of the above st at em en t s , the compa risons in this sect ion

are made in accordance with the temperature values co l lect ed  in Table .~~.

For related radiance values, the reader is r e fe r r ed  to Table 2 a .  I t

migh t be u s e f u l  to remi nd the reader that these comparisons must he

made w i t h  some re servat ion,  cons ider ing  the numerous fa ct o r s  which

infE u~nce the measured radiance , many or which can be figured In the
data on1~ q u a lit at i v ely , and some not at  a l l .  in a l t  da ta  measured in

the spectral  regions below 4 ~m, the sun ~s i n fl u e n t i a l  to some e x t e n t .

We note , for  example, tha t  the average apparent temperature in the
1. S — 1. ‘.~ urn region is usual lv h igher  than th at  in the ~~. — ~~~. 7 ~:m

r egion.  F ’om previous considerat ions , we .ire al ready  aware t h a t  the

apparent temperatur e  is a strong func t ion  of mans’ externa l fac tors .

~~~~~ two regions ar e  of p a r t i cu la r  in terest  because they represent the

reg ion of t ransit ion  below which  the sun is In f l u e n t ia l  and above which

the i n f l u e nce  is m o s t l y  therma l ’. except possibly in cases in which many

strong g l int s  are experienced . From Table 3 , for example , we note that

in the LS  — I.~~ ~m region , the sun Is st i l l  i n f lu e n t i a l  to some ex t en t :
in the 3. ’.) — 4 . urn , I t s  i n f l u e n c e  is on the wane. Jus t how much

in f luen ce  the sun exerts is determined not only by the spectra l  region

and the amount of cloud co~ e’r , e t c . , hu t  by the charac te r i s t ics  of the

scat te r ing  surface.  Thus , the apparent temperature determined f r o m  a

given reading mus t be a l tered  before  any comparisons between spectra l

regions are mean ingfu l .  Furthermore , if  there’ is s i g n i f ican t absorp-

t ion in the atmosphere , the apparent temperatures wi l l  be f u r t h e r  a l t e r ed .
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Any future measurements to be made must attempt either to eliminate

the effect of dominating influences such as sunligh t, or take them into

consideration quantitatively by specially measuring them. Notwithstanding

the need to measure in certain bands for special reasons, there are a

f ew atmospheric windows, or spectral regions, in which radiation can
propagate for 1000 or 2000 ft virtually unattenuated. These regions

should always be included in any tnultispectral measurement. As far as

the sun is concerned , remote sensing specialists have lived with it

( indeed , often depend on it) on reasonably friendly terms for many years.
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 S lists those total—area values of scenery listed in Table 2

of this repor t and those of Reference 2 for wh ich mountains were over—

flown in the afternoon wi th a scanner line—of—sight depression of 35 e~

As far as f l igh t direc tion is concerned , we are tempted to make compari-
sons between the spectral regions, but find that except for what was

said abou t sun infl uence, little is evident beyond 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, i f one were to make a broad
judgenient of the effect of fligh t direction on the choice of parameters

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

impor tance , 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 overcas t conditions than

103
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for clear conditions, as expected , because of the lack of sunli -ht .
Not e , fur thermore , that  the c lu t t e r  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: AN 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 fac t is evident in the observation from Table 7

tha t the temperatures f o r  NEVL are all lover than for NEVC and NVH1,

in which the data were ob tained under sunl i t  conditions. We note also

tha t in the 2.0 — 2. 6 ~m region the contr ibut ion  by the sun is greater

over the dry lake than ove r the desert which seems to resul t a t  times

in negative correlations . This verif ies  the observation by the f l i gh t

crew that the brigh tness from the lake was greater than that  from the

desert regions . The e f f ec t  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 character is t ic  of re lat ively

low—contras t areas in which a l 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 ~j m REGION vs TilE 9.0 — 11.4 ian REGION

Data from these spectral regions are singled out in Table 8. Of

all the reg ions included these sho uld yield corsparable apparent temper-
atures, since the effects are mainly thermal except where sunglint may •

be influential. It  is best to avoid making any serious comparisons

using the 5.1 — 5.7 urn band because of the noise in the detector and

because of the severe effec t of atmosphere on attenuating th2 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 yield

results which are identical except for the attenuating effect of the

atmosphere (which is quite small in the 9.0 — 11.4 ~
jm 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 “alue for 4.5 — ~.5 ~im 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
d i f f e r e n t  and that  there is not sufficient haze to cause much of a
d i f fe renc e, we note that small attenuations indicate a relatively small
amo unt of H20 vapor in the atmosphere. According to the data of Taylor

and Yates (Reference 4), the transmission in 1000 ft due to 1.1 mm of

precipitable 11
2
0 is approximately 6S’~, which in the maritime atmosphere

of their experiment is probab ly considerab ly higher than in the experi-

mental regions at Nellis AFB . A crude comparison with the Taylor and

Yates data implies that the water content during the measurement was

about 0.2 mm.

3.4 SPECTRA L CORRELATIONS

Tables 9 through 16 show the correlations ob tained between the

results from the different channels. These tables are produced in the

same forma t as in Reference 2 for easy comparison with those data which

were taken during the same general time period as the data in th is

report. The tab les 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 scenery , r
the uncorrelated noise of the sensor could tend to dominate the appar—

ent scone clatter. However, in the desert scenery , where ’. as opposed

to mountain scenery , we migh t expect to see this effec t, the variability

in the results is high enough to make any judgements of this kind
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TABLE 9

CORRELATION MATRIX
NEVI

Spectral Band (~nn) 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 (p in) 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
NEVK

Spectral Band (urn) 3.9—4. 7 3.5—3 .9 2 . 0 — 2 . 6
3.9—4.7  1.000

3.5— 3.9 0.75 1 1.000

2.0—2.6 0.701 0.657 1.000

Total No. of Pixels: 349,600
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TABLE 12(a)
CORRELATION MATRIX

NEVL (Deser t #1)

Spectral Band (pm) 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

5.1—5.7 N.A. N.A. 1.000

Total No. of Pixels: 136,400

TABLE 12(b)
CORRELATION MATRIX

N EVL (Desert #2)

Spectral Band (u rn) 3 .9—4.7  3.5—3. 9 5 .1—5 .7

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)

CORR ELATION MATRIX
• NEVL (Dry Lake)

Spectral Band (p m) 3 .9—4.  7 3.5—3. 9 5 . 1 — 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 (urn) 3.9—4.7 3.5—3.9 2.0—2.6

3.9—4.7 1.000

3.5—3.9  0.49 1 1.000
2.0—2.6 0.529 0.286 1.000

Total No. of Pixels: 349,600

TABLE 14
CORRELATION MATRIX

NEVN

Spectr&. Band (pm) 2.0—2.6 3.0—4.2 4.5—5.5 Q.0—ll.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 0.198 0.565 0.910 1.000

Total No. of Pixels: 349,600

TABLE 15
CORRELATION MATRIX

NVC1

Spectral Band (urn) 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 0.837 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 (Deser t “1)

Spectral Band (urn) 2.0—2.6 3.0—4.2 4.5—5~ S 9.0—11..~
2.0—2.6 1.000

3 .0—4.2  0.408 1.000

.5—5.5 0.015 0.188 1.000

9.0—11. 4 — 0.001 0.102 0.584 1. 000

Total No. of Pixels : 136,400

TABLE 16(b~
CORRELATION MATRIX

t’WHl (Desert i k 2 ~~

Spectral Band (urn) 2.0—2.6 3.0—4.2 4•c—S •c g .0_ 1l.4

1.000

3.0 — 4.2  0.336 1.000

j 4 . 5 — 5 . 5  0.343 0.308 1.000

9.O—1l.~ 0.378 0.240 ‘.~.S~ 8 1.000

Total No. of Pixels: 141,200

TABLE 16(c)

CORRELATION MATRIX
NVH1 (Dry Lake)

Spectral Band (urn) 2.0—2.6 3.0—4.2 4.S—S • c O~~ _ fl~

2.0—2.6 1.000

3.0—4 .2 0.737 1.000

4.5—5.5 —0.830 —0.487 1.000

9.0— 11. 4 — 0 . Q35 —0 .690 0. 002 1.000

Total No. of Pixels: 72,400
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suspect. The most, in fac t, 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 occas ion, the correlations
reverse to negative values between the reflective and thermal infrared

channels.

One important reason, from the viewpoint of making measurements,

for seeking spec tral correlations is to es tablish a bas is for reducing
the number of measurement channels. Barring any special reasons for

choos ing 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 simple pictorial of the statistics

involved in the various scenes. In brief , as explained more thoroughly

in Re ferences 2 and 3 , the ellipses are designed to imitate, with sinrnle

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 effec t 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 Tab les 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 physical 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 analyzed here.
114
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TABLE 17
NEVN

AREA DISTRIBUTIONS

o!STRI SUTI0N o, RECOGNIZ ED s~ y SPOT (Threshold — Ave . + 2.50 )
2.0 — 2.6 urn

5Y LRE A

SQ UA R E ME TERS EQUENCY

•.0 TO 10.0 bO
*0.0 TO 15 ,0 115
13 .0 To 20.0 36
20.0 TO 25.0 21

• ?~~,0 10 30,0 2
30 .0 TO SS.O 6
35.0 TO ~~~ 2
‘10 ,0 TO US ,0 3
45.0 YL) 50 .0 3
S O . 4~ TI) P4 ,0 11
7 3 . 0  TO * 0 0 . 0

*00 .0 TO lc o ,o 0
*50 .0 TI) 200.0 0
200.0 TO 250.0 0
230.0 TO 300.0 • I
300.0 TO 1100.0 I
1100.0 Ti) 500 ,0 0

flo.0 0

TOTAL P4UM~EII O~ NOT SPOT • *06

1040 F~ A TU RE5 W 1T~i *01*3 L E SS T$*N 6,00 50, METE RS W ER E. ALSO RECOGNIZED

SY PERIME TE R SY Sh AP E

NE TENS FEET FRE QUENCY 3MAPE FA CTOR FREQ U EN CY

0 10 7 0 TO 22 0 0,0 TO 1, 0 0
7 TO *0 22 TO 32 0 1.0 TO 1 ,1 0

*0 TO 12 32 TO 30 0 1, 1 TO 1.2 6
*2 TO 111 39 TO 43 11 1, 2 TO 1 ,3 0
III 70 lb US TO 52 19 1. 3 TO 1.11 23
lb TI) 17 32 TO 55 13 1 .11 TO 1, 5 1
It TO 20 33 Tn 65 1 ,5 TO 1.6 20
20 TO 22 oS TO 72 20 1 ,6 TO I, ? 9
22 TO 20 12 TO 76 10 I ,? TO % • 6 111$
20 TO 2a 76 10 65 II 1. 0 III 1, 0 2
26 TO 26 65 To 9* ta 1.~ III 2.0 lb• 26 TO 30 Q~ Ti) 06 7 2,0 TO 2.11 .17
30 Tfl 32 90 TO 104 9 ?.u 1~t 2.6 6
32 TO 39 104 To *27 ii 2.ei TO 2.6 3
39 70 43 *17 TO %11 7 9 2 ,6 TO 3,0 5
~3 Tn 53 1117 TO 160 6 3,0 To 3,3 2
53 TI) 71 *60 TO 232 6 3,5 TO 11 .0
71 TO 100 232 TO 326 11 ,0 TO 4 ,5 0

QV~R *00 OvER 326 3 (W Ell a .5 2
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TABLE 18 
- -

NEVN
AREA DISTRIBUTIONS

OP RE COGN I ZED ~~~T SPOT (Threshold : Ave. + 1.50

BY AREA

SOUAR ( METERS FREOUENCY

0.0 TO *0.0 206
* 0.0 10 126
15.0 TO 20,0 * 4*
20.0 IL) 23.0 69
25 .0 It) 30.0 26
30.0 10 35.0 140
35.0 Ttj *0.0 7
140 ,0 TI) ~5,0 19
45 ,0 TO 30.0 18
30 .0 TO 75,0 30
73 ,0 TO 100.0 16

1 00.0 It) 230.0 16
130.1) TO 200.0 13
200.0 TO 230.0 6
250 .0 TO 300.0 2

• 30 0.0 TO 400.0 5
1100.0 TO S~t .,.o 2

OVER 300.0 12

TUTAL NUsBER OF NOT SPOT • 6416

32u 8 FEATURES WITH A REAS LESS THAN 0,00 SI), MET ERS WERE ALSO RECOGNIZ ED

B Y PE RIMET ER 6Y SHAPE

ME TI.RS FREQUE NCY SNA RE FACTO R EWEQUENCY

0 TO 7 0 TO 22 0 0,0 TO 1, 0 0
7 TO 10 2? TO 32 0 1,0 TO 1, 1 0

10 TO 12 32 Ti) 39 0 1. 1 TV 1,2 16
• 12 TI) 14 30 TO 45 13 1 .2 TI) 1.3 a

144 TIll lb •5 TO S2 92 1. 3 TO 1, 4 111
Ia 70 11 52 TO 55 ‘47 % , 1* TO 1.5 3
17 TO 20 55 TO 65 *72 1.5 10 1, 6 127
20 TO 22 aS ~ 72 06 1,6 TO 1, 7 20
22 TO 24 72 TO 76 22 I. ? TO 1,5 143
?al TO 2o 70 TO 83 19 1.13 TO 1.0 14
2a TO 28 85 tO 9$ ‘40 1 ,0 1(3 2.0 52
28 70 30 9* 10 96 20 2,0 TO ?,(4 1115
30 TO 32 90 T~ 1041 28 2.4 ¶0 2.6 143
32 10 39 * 04 TO *21 53 2.6 TO 2.6 31
3q 1’) 45 127 10 1*1 36 2, 13 TO 3.0 22
115 10 55 I’il TO 14*0 115 3,0 70 3,3 34
55 IL) 71 *6 0 10 232 36 3.3 TO 44 ,0 *11
it 10 1 00 232 TO 3213 (40 4.0 10 1 ,5 *8
OV IR 100 OVER 326 75 OVE R 4,5 3 1
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TABLE 19
NEVN

AREA DISTRIBUTIONS

DISTRI BUT IO N OP RECOGN IZED NOT SPOT (Threshold — Ave . + 1.S(
~

• BY 4ME A 4 .5  — 5.~ urn

SQUANE MET ER S FREG UENCY

• 0 , 0  It) *0,0 66
10.0 TI) *3,0 30
13.0 TO 20.0 4*
20.0 tu 25,0 23
23.0 TU 30,0 13
30.0 TO 35.0 13
53.0 Ta 410 ,0 3
440.0 70 ‘3,0 S
43,0 TI.) 50,0 4*
50.0 10 75,0 17
7’,0 TO ~00 ,0 It

*00 ,0 It) l~~0.0 18
13 0.0 TO 200 .0 7
200 .0 70 250.0 13
2~ 0,0 70 300,0
300 ,0 10 4400,4 2
400 .0 II) 5 00 , 0  5 P

lIVE R 500 ,0 22

TOT AL NUMBER OF $137 SPOT • 318

53(4 P~.4VUW( S W I T s  A R EA S  LESS THA N 8,00 30. METERS W IRE ALSO RICOGN IZED

~Y PERIM E TER BY ShAP E

M EYER S P1(1 FREQU EN CY 3NA PE FACT OR FR EQUENCY

0 TO 1 0 tO 21 0 0,0 TO 1.0 3
1 ICI 10 2? 13 32 0 1. 0 TO 1,1 0

*0 TA *2 32 TQ 30 0 1,1 Vt ) 1.2 7
12 TO Ia 39 TO *5 5 I, ? 71) 1, 3 3
* 11 10 La 443 TO 32 28 1.3 TI) l. a 52
lb TO 17 32 10 ¶3 14 1.4 tO 1,3 .4
17 TO 20 53 TO aS Mb 1.3 10 l. a 33
20 TO 22 65 TO 72 2* l.a It) %, 7 13
22 TO 24 7? 1(3 74* *2 1, 7 Iii 2 .8 410
24 TI) 26 78 TO 05 3 1. 14 TO i, 9 12
lb 10 28 03 10 9* 22 *.~ TO 2.0 2*
28 TO 30 9* Itt 98 11 2,0 TO 2.1*
30 TO 32 ‘8 Uj I01 9 li’ IL) 2.6 10
32 TO 3Q * 04 TO 127 24 2.a TI.) 2,8 6
39 TO 45 *27 TO ~is1 *3 2.13 ~o 3.0 4
443 TO ¶3 IU7 TO * 4 * 0  * 3  3 ,0 70 3. 3 19
35 TO 71 *60 to 232 21 3,5 TO ‘4 .0 0
71 TI) tOO 232 10 3213 *9  4 , 0 70 4 ,5 9
UV LR *00 Ov ER 328 511 (NIP 11.5 I,
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TABLE 20
NEVN

AREA DISTRIBUTIONS

(Threshold Ave . + 1.00 ~DIS TRIBU IZON OP ReCOGNIZED $flT SPOT 9.0 — 11.4 urn
BY ARE A

SQUAR E M E TERS FREQUENCY

•.o 13 10.0 63
10 ,0 TO 13.0 ‘It
15.0 TO 20.0
20 .0 TO 25.0 23
IS.O 70 30.0
30 ,0 TO 33.0 11
35.0 TO 40.0 1
40,0 TI) 45.0 5
‘43,0 TI) 50.0 14
50 ,0 Tb 75,0 21
13,~ 11) 100.0 It

100 .0 TO 15 0.0 ii
15 0.0 TO 200.0 8
200 .0 TO 250.0 0
250.0 TI) 300.0 1
30’) .o TO 

~0O.0 6
400,0 TO 300,0 2

OV E R 50 0 , 0  20

TOT AL Nu$13(R OF HOT SPOT • 2541

3a9 FEATUR ES WITH AREAS LESS 144AM 8,00 54*, METERS WERE ALSO RECOGNIZED

BY PE R IME TE R BY SNAP !

ME TERS FEET FREQU ENCY SHAPE FACTOR FREQUENCY

O TO 7 0 VI) 22 0 0,0 TO 1,0
1 TO 10 22 TO 32 0 1,0 TO 4 ,1 0

10 TO 12 32 TO 39 0 1 .1 TO 1.2 13
$2 TO 144 39 TO 45 5 1.2 TO 1.3 2
* 4 TI) lb 145 TO 32 36 1.3 10 I,’4 a?
lb TO 17 52 TO 55 21 1.4 TO 1.5 8
17 TO 20 53 To 65 35 1.3 TO 1,6 54
20 TO 22 aS To 72 20 1.6 TO 1.7 Ia

• 22 TO Ia ta TO ~8 17 1, 7 TO 1.8 36
24 TO 26 74* TO 85 5 1,6 TO 1.9 1?
26 ro a 83 TO 91 IS 1.0 TO 2.0 23
23 TO 30 91 TO 48 10 2.0 TO 2.44 23
3’) 10 32 98 TO 10~ 8 2.11 TO 2.6 9
32 10 39 10* TO 127 *6 2.6 TO 2,8 8
34 TI) ‘45 *27 70 ia 7 10 2.8 TO 3.0 6
‘43 TO 55 1a7 TO 113 0 IS 3,0 TO 3.5 7
55 TO 7* *80 TI) 232 $4 3,5 TO 4.0 7

• 71 TO 100 232 TO 325 IS 4.0 TO 11.5 6
OVER 100 OVER 3?I 39 OVER 44,5 8
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TABLE 21

NV*I1 (Desert ~1)
AREA DISTRIBUTIONS

IThreshold — Ave . + 2.00 ~D ISTR ISU TIO N OP RECOGN I ZED MA T SPOT 3.0 — 4 .2  urn
BY AREA

SQUARE METERS FREQUEN CY

8.0 TO *0 ,0  176
1 0.0 TO 13,0 63
15.3 TO 20,0 84
10.0 71) 23.0 31
23.0 10 30.0 16
30 ,0 10 33.0 *0
35,0 TO 40 ,0 10
140.0 TO ‘41j,o 9
145, 0 10 30.0 3
30,0 TO 73,0 141
73 ,0 TI) 100 ,0 6

100.0 10 130,0 a
130 .0 TO 200,0 2
200.0 TO 230.0 0
230,0 TO 50 0,0 0
300.0 TO 400.0 0
*00.0 TO S00.u 0

OV ER 500.0 0

TOT A L NUM~~(R OF NOT SPOT s 459

1770 FE ATURE S W ITH AREAS LESS TsAN 8,00 SQ. METERS W ERE ALSO RECOGN IZED

BY PER IMETER BY SPA PE

- 
M ETE R S FEET PREOLIEN Cy SHAPE FACTO k FREQuEN CY

0 TO 7 0 Tt) 22 I 0,0 TO 1.0 1
I TO *0 22 13 32 0 t ,0 TO t, t (3

to TO 12 32 TO 34 0 1.1 TO 1, 2 76
12 TO 10 39 70 43 68 1.2 7(1 1.3
La TI) to II! Tfl 32 98 (.3 tO *. ll 97
l b TI) 11 3? TO 35 lb 1. 41 10 1.5 I’
17 TO 20 55 TO aS 91 (.3 tO l .a 58
20 10 22 05 Tu 72 32 l .a TI.) 1,1 22
22 TO 24 72 TO 7$ I I % , 7 TI) 1.8 33
214 TO Ia 78 IC) 4*5 2S 1.13 TO 1,9 b
26 fO 28 65 ,o 91 II 1.0 10 2,0 22
26 tO 30 •1 TO 98 10 2,0 43 2,4 39
30 10 32 90 7(4 10’4 0 7 ,44 10 2.13 Il
Si IC) 39 10 41 TI.) 127 21 2.6 TO 2.13 13
39 ~O aS Ill TO 147 13 2,13 TO 3,0
45 TO 55 $ai 7 TO 143 0 15 3 .i TO 3,5 5
53 TI) 71 $80 TO 2*2 14 3.5 It) .4,0
71 T~’ *00 232 TO 376 11 ‘1 .0 10 4,5 1
OVER 100 OVE R 328 a OV F.R o ,5 0
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TABLE 22

NVH 1 (Desert #1)
AREA DISTRIBUTIONS

DISTR IBUT IO N OP RECOGNIZED HOT SPOT (Threshold — Ave. + 1.50 ~
B Y AREA 4 .5 — 5.5 urn

SQUA RE ME TERS FREQUENCY

8,0 TO 10.0
10.0 TC) U5.0 II’
13.0 TO 20.0 (‘46
20.0 tO 23.0 64
25,0 TO 30.0 26
30, 0 TO 33,0 30
35.0 TO 10,0 10
40 .0 TO 43.0 19
leS,0 TO 30 ,0 15
50,0 TO 15.0 35
75,0 TO 100,0
100.0 It) *30 ,0 21
150 .0 TO 200,0 4
200.0 TO 25o ,o
250.0 TO 300.0 0
300.0 TO ‘400.0 0
400.0 10 300,0 3

OvER 500.0 0

TOTAL NUM 8EN OF HOT SPOT • 672

11 02 FEATURES W ITH AREAS LESS THAN 6,00 SO. METERS WERE ALSO RFCU ~ N IZPD

BY PER IMETER UY SHAPE

MET E RS FEET FREQUENCY SHAPE FACTOR FREQU IHCY

0 TO 1 0 TI) 22 0 0,0 10 1. 0 1
1 To to 22 TO 32 0 1 .0 TO 1,1 0

10 TO 12 32 TO 30 0 1 ,1 TO 1.2 24
12 TO Ia 39 TO 45 8 1.2 TO 1.3 9
14 TO 16 45 70 32 30 1.3 TO 4.4 107
Ia 70 Il 52 74.) 35 43 1.4 TI) 1.5 21
11 TO 20 55 TO OS 410 1.5 TO 1.0 (21
20 10 ?2 65 TO 72 418 l. a 10 1.7 34
22 70 2a 72 TO 76 33 l~~7 TO 4 , 8 78
24 TO 20 76 ro Rs 14 (.4* Ta t .’ te
lb TO 23 63 TO 91 47 $ • Q TO 2.0 46
28 TO 30 91 TO 98 26 2.0 TO 2.4 ill
30 TO 32 90 10 *044 39 2.4 TO 2,13 23
32 TO 30 10* TO 127 50 2,6 tO 2,8 18
39 TO 45 (27 TO ii? 20 2,8 TO 3, 0 5
‘43 TO 55 1 147 TO 113 0 3b 3.0 TO 3,5 24
55 TI) Ti 1 430 10 232 28 3•3 II) 41,0 7
7* TO $00 232 TO 326 33 14.’~ 7(1 4 .5
OVE R 100 OvER 328 37 OVEN 1,5 3
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TABLE 23

“Jill (Desert #1)
AREA DISTRIBUTIONS

DI sTRIBUTION o~ RECOCN!7E0 NOT SPOT (Threshold = Ave. + 2.00

•Y AR EA 
9.0 — 11.4 urn

SQUA RE MET ERS FREQUENCY

8.0 To 10.0 *2 6
10 ,0 TO 43.0 62
15 .0 70 20,0 76
20 .0 TO 25.0 Sb
23.0 10 30.0 12
30,0 TO 33,0 17
35.0 TO 440.0 2
40 ,0 TO 43,0
443.0 TO 50.0 1
SO.’) TO 75,0 9
75 ,1) TO 1 00.0 2
*00.0 10 iso .o
150 ,0 TO 200,0 3
2o0.0 TO 230.0 1
230.0 TO 300.0 0
300.0 TO 4*0.0 0
4400,0 TO 500.0 0

OVER 300.0 I

TOT AL HLJN$ER OF HOT SPOT • ~~3

860 FEA TURES W ITH AREAS LESS T I4AN 6.00 SO, METERS W ERE ALSO RECO GNI ZEO

B Y PER IM E TER BY SHAPE

METERS FEE T FREQUENCY SHAPE FACTOR FRE QUENCY

0 TO 7 0 TO 22 0 0,0 TO 1.0 2
7 TO tO 22 TO 32 2 1.0 IC 1.1 - 0

10 70 12 32 Tn 19 0 1. 1 TO 1.2 
- 9

12 70 1 4 39 TO 445 I I.? TO 1.3 6
1 41 TO lb us 7(1 32 69 1, 3 TO I.e 74
to to 17 52 1n. 53 31 I, 4’TO 1.5 13
I? TO 20 55 TO 65 72 1 .5 TO t.a 70
20 TO 22 05 To 12 28 1.6 TO 1.7 12
22 TO 24 72 T~ 78 2 1 1,7 TO 1.8
244 TO 26 78 Tn Os • 5 1.8 TO 1.9 15
26 TO 28 85 10 91 24 I.~ T~ 2 , 0
26 TO 30 01 TO 96 16 2.0 TO 2.41 “3
30 TO 32 943 7(1 104 * 4  2.44 TO 2,6 10
32 tO 39 4 04 TO 127 31 2.8 TO 2.8 6
39 TO aS t27 TØ *47 9 2,8 TO 3,0
45 TO . 55 1u7. 1 Q 14 * 0 9 3,0 TO 3,5 2 ’
55 TO 71 180 TO 232 • 9 3,5 TO 4.0 

• 
2

1$ TO 100 232 To 3 .8 4 4,0 TO ‘4 ,S 1
QV (R 100 OVER 326 a OV EN 4 ,5 I

i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~•~~1± 1~• ~i:
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TABLE 24

NVH1 (Dry Lake)
AREA DISTRIBUTIONS

DISTRI BUTIO N OF RECOGNIZED HOT SPOT (Threshold Ave. + 1.00 ~\ 3.O — 4 .2urn
BY AREA

SQUARE METERS FREQUENCY

~.0 TO 10.0 161
10.0 TO 15.0 744
*5 ,0 TO 20 ,0 86
20.0 TO 25.0 ‘45
25.0 IL) 30.0 *2
30.0 7(3 35.0 17
35.0 TO 40.0 7
‘40 ,0 TO 44 5.0 12
44 3.0 1(3 50,0 9
50,0 TO 75,0 16
75, 0 TO 1 00,0 5

100 .0 TO 150.0 0
*30 .0 TO 200.0 S
200.0 TO 25 0 ,0 2
250.0 TO 300.0 0
300.0 TO ~4O0 .0 0
400 ,0 TO 500..0 0

OVER 500,0 3

TOTAL NUM B ER OF HOT SPOT • 460

153 6 FEATURES W ITH AR EAS LESS THAN 6,00 30, METERS WERE ALS o RECOGNI ZEI)

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 0 0,0 TI’ 1.0 0
7 TO 10 22 TO 32 0 1 .0 10 1.1 0

10 TO 12 32 TO 30 0 1.1 TO 1,2 51
12 10 1 4 39 TO aS 46 • 1,2 TO 1.3 36
*4 TO 16 45 To 52 72 1.3 TO 1.44 7*
l b 10 11 52 TO 55 15 1.41 TI) 1,5 (6
*7 TO 20 55 T~ aS 84 1.5 TO 1,13 53
20 TO 22 65 TO 72 42 1,6 TO 1.7 11

• 22 TO 24 72 TOy 76 16 1 ,7 TO 1.8 52
24 TO 26 78 Ti) 65 *1 1, 8 TO 1.9 tO
26 Tfl 28 85 It) 91 23 1, 9 tO 2,0 19
28 TO 30 9$ T~ 98 17 2,0 TO 2,44 69
30 TO 32 06 TO 104 8 2,4 TO 2,6 244
32 TO 39 *ou To *27 33 2.6 10 2,8 14
39 TO ‘45 127 TO 144 1 19 2,4* TO 3,0 13
‘IS TO 55 144 7 TO 180 24 3,0 TO 3,5 13
55 TO 71 180 TO 232 15 3,5 70 4 ,0 13
71 TO tOO 232 TO 328 14 14 ,0 TO 4 ,5 5
OVER 100 OVER 328 21 OVER a ,5 4
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TABLE 25

NVU1 (Dry Lake)
AREA DISTRIBUTIONS

DISTRIBUTION OF RECOGNIZED Nfl? SPOT ( Threshold Ave. + 1.50
BY AREA 4 . 5  — 5.5 urn

SQUARE METERS FREQUENCY

8.0 TO 10.0 3
* 0 .0 TO 13.0 1
15,0 TO 20,0
20 ,0 TO 25.0 0
25.0 TO 30,0 0
30 ,0 TO 35.0 0
35,0 TO 40.Q 0
‘40 .0 TO 145.0 0
45.0 70 50.0 0
50.0 10 75, 0 0
75,0 TO 100.0 0

100.0 tO 150.0 0
150.0 TO 200.0 0
200.0 TO 250.0 0
250.0 TO 300,0 0
300.0 70 400.0 0
4400 ,0 10 500.0 0

OVER 500.0

- • TOTAL NUMBER OF HUT SPOT U 7

- - -
~ 5u FEAT URE 3 W IT H AREAS LESS THAN 8 ,00 50, METERS W ERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUEN CY SHAPE FACTOR FRE QUENCY

0 TO 7 0 7’) 22 1 0,0 TO 1.0 3
7 TO tO 2? TO 32 1 1 ,0 10 1,1 0

*0 TO 12 32 TO 39 • 1 1 ,1 TO 1.2 0
12 IC) 141 39 TO 45 - 

0 1.2 TO 1.3 0
1 41 70 Ia eS TO 52 1 4. 3 TO 1.4 1
1 6 TO 17 32 tO 55 0 1.4 TI) 1 ,5 0
17 TO 20 55 TO 65 I 1, 5 TO 1,13 1
20 TO 22 135 TO) 72 0 1,6 TO I,? 0
22 10 24 72 tO 78 0 1.7 10 1.8 0
29 TO 2a 78 TO 85 0 1, 8 TO 1.9 0
26 TO 28 63 TO 91 0 1,9 TO 2.0 0
28 TO 30 91 TO 98 0 2,0 TO 2.4 0
30 TO 32 943 TQ tA ’ 4 0 2,4 TO 2.6 0
32 10 39 10 4 TO 127 0 2.6 TO 2.6 0
19 TO 43 127 TO ia 7 0 2, 43 TO 3.0 0
‘45 10 55 1 47 TO 160 0 3,0 TO 3,5 0
53 70 71 *60 10 232 0 3.5 TO ‘4.0

• 7$ 10 1 00 23? TO 328 0 4 ,1) TI) ‘4,5 0
OVER 100 OvER 328 2 OV ER 4.5
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TABLE 26
Nyu (Dry Lake)

AREA DISTRIBUTIONS

OI STR IBU T ION OF RCCOG NUED HIlT SPOT (Threshold Ave . + 1. 50 ~
BY AREA “ 9.0 — 11.~. urn

SQUAR E METERS FREQUENCY

8.0 TO 40,0 6
10 .0 TO 43 .0  1
l5 . fl TO 20.0 3
2~ .0 TO) 23.0 0
25,0 TO 30.0 0
30 ,0 10 53.0 0
35 ,41 T I) 40,0 0
90 . 0 10 43,0 0
u3~ 0 TO So ,o 1
30.0 10 73.0 0
73.0 TO joo ,o 0

*00.0 10 130,0 0
130,0 TO 200,0 0
200,0 70 250,0 0
250,0 TO 300,0
3011.0 TO 400,0 0
4400,0 10 500.0 0

OV ER 500,0 4

TOTAL NUMBER OF HOT SPO T • l B

6 FEATU RE S W IT H AREAS LESS THAN 6.00 SQ. METERS W ERE ALSO RECOGNIZED

BY PER I M E TER BY SHAPE

METERS FE ET FREQUEN CY SHAPE FACTOR FRE QUE N C Y

0 TO 7 0 TO 22 1 0.41 TO 1.0 7
7 TO 10 22 70 52 4 1,0 TO 1,1 0

10 TO 42 32 70 39 I 1.4 TO t.2 4
12 10 44  39 TO aS 3 I ,? TO 1.3 2
* 4 10 lb 443 TI) 32 0 1,3 ~O t I ll

• to 10 *7 32 10 33 0 4, 41 IL) 1, 3 0
• 17 TO 20 35 7(3 aS 44 3 ,5 10 l .a 0

20 TO 22 aS To 72 0 1,6 II) 1, 7 0
22 TO 244 72 TO 76 0 3 . 7 TO 1,6 0
24 TO 2b 78 TO 83 0 1 ,6 TO t.~ 0
26 TO 28 IS TO 04  0 I,~ Iii 2,0 0
28 TO 30 94 TO 08 0 2 ,0 To) 2. 41 2
30 70 12 4443 TO 1044 0 ?,4 70 2, 6 0
32 TI) 59 * 0 4 4  Tn *27 0 2.8 TI) 2.8
10 TO 45 * 27 TO % 44 7 0 2 , 4* It) 5,0 0
45 TO 33 1*7 TO 4 4 3 0  0 5 ,0 TO 3,3 0
Si TO 71 4 4 3 0  TI) 252 I 3 ,3 70 44 ,0 0
71 TO 400 23? Tn 328 0 44 ,0 TCI 11,3 0
UV LR IOU G V ER 328 4 OVER 44 .5
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FIGURE 21a. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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FIGURE 21b. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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FIGURE 22. EOUIVALENT ELLIPTICAL AREAS FOR NELL IS MOUNTPIJNS
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FIGURE 23a. EOUIVALENT ELLIPTICAL AREAS FOR NELL IS MOUNTAI NS
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‘4- Area : NEVN

Temnera ture Threshold
= Ave. + 2.0 0

O Wavel enath 9 . 0 - 11 . 4 urn
p

• FIGURE 23b, EOUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS
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*The straight configurations are noise.

FIGURE 24a. EOU!VALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 24b. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 25b. E0UIVAL~NT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 26a. EQUIVALENT ELLIPTICAL AREAS FOR NELL IS DESERT
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Area : NVH 1 (Dry Lak e)
Temperature Threshold*

= Ave. + 1.00 a
Wavel ength = 3.0 - 4.2 urn

*The straight configurations are noise.

FIGURE 27a . EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 27b. EOUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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FIGURE 27c . EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT

138

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ ‘



~~~PU.uuIU I~~ 
5 - L

~~~~~~~~~~~~~ jT • • 
—-  - -  —

~1RIM

.,

Area : NVH1 (Dry Lake)
Temperature Threshold

= Ave . + 0.50 a
Wavel ength 4.5 - 5.5 urn

FIGURE 28. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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Area : NVH1 (Dry Lake)
Temperature Threshold

= Ave. + 0.50 a
Wavelength = 9.0 - 11 .4 urn

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 occurrenc e of perimeters of the actual areas represented
by the ellipses , and the shape fac tor frequency, where the shape factor
is def ined by:

periineter/2irShape Factor —

/area/ir

No attemp t was made to cause the figures and tables to overlap completely .
In order to give a pictorial presentation of these da ta , we show .~ few

of those shoving 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 S

square meter increment.
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1000.00

100.00

— Mountains: 1044 hrs.
350 Depression a~g1e

10~00 AX = 2.0 - 2.6 ~m

= 1] A. Threshold = Ave. + 1.50 ~

1.00

— 12 events —
~
-s

over 500 m

— 
B. Threshold = Ave. + 2.50 ~

0.10

l event 2
— over 300 m

—

0.01 I I
0 100 200 300

AREA (m 2
~

FIGURE 30. FREQUENCY OF FEATURE (AREA) SIZES PER SQUARE KILOMETER
IN 5-rn2 INCREMENT S
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CONCLUS IONS

Statistical analyses of the IR radiation from mountainous and

deser t terrain backgrounds are discussed in this report , wh ich is meant

to supplement the results reported in Reference 2. In Reference 2 , the
conrnents 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  fl ight directions , especially over

mountains, showed definite differences , indicating certain trends, but
the e f fec t  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 vs overcast skies yields the expected result

of lower average temperature and less clutter for the latter; however,

the comparison of morning vs afternoon results over the deser.~ is not as

fruitful, as can be observed from Figure 36, because so many parameters
come into play on relatively 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 3, C, D, E and F were taken from Reference 2. The

x’s correspond to the mean values of the temperatures for different
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subareas. The horizontal limit 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 ~.tm 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 effect of absorption in the atmosphere in the

4.5 — 5.5 ~icn 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 only 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 usef ul to designers of
IR equipment . How much of the world they actually represent is something

which can be discerned only af ter 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 collec tion of data up to this
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H
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. H
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

yet made observations at skimming angles. Although the results have
not been dramatic , we have shown that changing the sensor elevation
by 35 ° e f fec t s  some change in the data.  Perhaps at shallower angles ,
the results will  be dramat ic .

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 measure~nents which will f i l l  the gaps in the

background base to sa t i s fy  ef fec t ively  the requirements of the sensor
designer.
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APPENDIX A

LINEAR SUBAREA PLOTS (HISTO GRANS)

The figures in this appendix are plotted linearly as a function
of radiance for 2.6 — 2.0 urn and as a function of temperature for the
other spectral regions . Consult the body of the report for log—plo ts
of the statistics as a function of radiance for the long wavelength
spectral regions . See Table 1 for per tinent parameters.

In each case, the subareas are plotted 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 , wh ich managed to
sneak into the analysis, as by a true bimodal struc ture of the lake.
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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 and equally

• spaced across it.

In Reference 2, it was noted that certain artifacts appearing
a

• in the imagery were apparently due to electrical 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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