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SI SUMMARY - HANDBOOK DESCRIPTION

The Environmental Research Institute of Michigan (ERIM) has been

collecting infrared imagery with its airborne scanner for several years.

Recently, ERIM has been analyzing various backgrounds for the Optical.

Signatures Program to derive a variety of statistical measures of interest

to the designers and users of iufrared systems. This handbook contains

a summary of the backgrounds analyzed to date as part of this effort.

Most of the backgrounds represented in this handbook were imaged on a

wmre-or-less convenience basis, although definite plans were made to

include what were considered pertinent background types. While we would

be presumptuous to imply that the handbook is complete, even if that

goal could be reached in the limited space of this volume, it does con-

. tain many of the components that are required to describe a variety of

backgrounds.

These components are identified in part by land masses as, for

example, mountains and deserts, and perhaps rain forest or jungles; by
diurnal variations in background features; by seasonal variations; by

scene types, such as cities or urban areas, rural areas, water masses,

etc. Many of these components are included in this handbook. It is

our intention to upgrade the handbook by adding to it as other data are

available.

In addition to adequate geographical coverage, two other require-

ments demand attention for the production of useful background informa-

tion: reasonable spatial resolution and adequate spectral coverage.

The spatial resolution is fixed by the information capacity of wLat we

would call general purpose, non-militaty irnagers, such as the ERIM

I. scanners. This criterion fixes the field-of-view of the sensor at abouL

2 milliradians on a side, providing a ground-print of the order of two

to three feet on a sidc. AL LtI.•ULiULUIL - t½ 2773 ?22' iangc, thiss

Wzr• provides adequate signal-to-noise ratios with the ordinary bandpass

filters used in the ERIM scanners,

S- _EGEDI"-G PAGE BLANK-NOT
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The filters used for the imagery in this handbook transmit in the

major window regions (described below) between 1 and 15 micrometers,

cxcept that between 4.5 and 5.5 pm there can be considerable absworption

by the atmosphere. We lose nothing by confining our attention to the

windows, and, in fact, gain by reducing uncertainty introduced by atmo-

spheric changes. We note often, for example, in some of the data

presented in the handbook that because of the 4.5-5.5 pm spectral

region dependence on the atmosphere, the divergence between the results

in that spectral region and those of the spectral region between 8 and

14 pm can range from essentially zero to rather large values. The

transmission characteristics of the filters used for the data in this

handbook are included in Appendix A.

Tee scenes were chosen to depict certain geographical features,

:4 and any inhomogeneity in the scenery is a characteristic of the scene

chosen. In the earlier reports of References 1 through 6, selected

homogeneous areas were chosen for analysis separately. But here, the

scene is kept intact wý_th or without tnhomogcneities. By comparing

the thermal. imagery and the greymaps, the user should easily be able to

correlate features in the histograms with inhomogeneities observed in

the scenery.

-2 -] -1
The calibrated (i.e., converted to radiance in watt-cm -st pm ,

or temperature in *K) signals of every pixel in the analyzed scene are

digitized on magnetic tapes which are stored at the ERIM facility. We

have analyzed the data in a rather general form for presentation here,

but, of course, the data can be handled in any way desired. We have not

formatted the tapes for automatic use by any other persuns except those

who have access to our special programs for computation. however, it

is feasible that they could be made available to the public with far

I.. le5b effort thai1 that required to obtain and analyze the data in the

first place.

iv
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The substance of the handbook is compiled in Section 3, containing

complete packages of background data for different locations, giving

all of the statistics and pertinent environmental information. Each

package is identified by the name of the scene tabulated in the Master

Index and includes the following (except for minor deletions):

* Aerial photo of the scene.

* Thermal image in selected spectral regions.

* Greymap of digitized data.

* Table(b) of scene physical char-.zteristics.

* Various statistical analyses.

The statistics include radiance and temperature histograms, with

means and standard deviations; spectral correlations; ellipse "pictures"

with tabulations of area, perimeter, and shape distributions; and power

specLra. The statistics arc described in Section 2 and the data processing

details in Appendix B. Appendix A contains a description of the scanners

and filters used in collecting the imagery from which the statistical

information was obtained. Only those samples from the various reports

of References 1 through 6, which are exemplary for a given complete set

of conditions, are included. For example, the scanner can be set in two

configurations, looking dirc~tly downward and looking at ar. angle of 350

below the horizon. The difference in results from each type of run is

essentially undiscernible in most cases, meaning that the mean and stand-

ard deviation of each are nearly the same. Thus, unless the difference

is significant, often only one or the other is presented.

Following this discussion is a Master Index to be used as an aid

in finding information specific to the needs of the user, and correspond-

ing to various physical and environmental conditions, geographical loca-

tions, scene2y type, spectral bands, time-of-day or season, etc. Fol-

lowing the Master Index is a Type-of-Background index set up in matrix

form to subdivide the different background types according to the
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diurnal or seasonal cycle. Finally, a Spectral Band Index is included

to cover the region in Ehe spectrum from about 1.0 pm to about 14.0 mIm.

The different spectral bands covered are 1.0-1.4, 1.5-1.8, 2 .0-t.6,

3.0-4.2, 3.5-3.9, 4.5-5.5, and 8.0-14.0 vim. The last region, 8.0-14.0 pm,

was covered with various filters at different AX's, designated in the

Index merely as 8.0-14.0 vim, but specifically delineated in the Handbook

within their properly designated bands. ]
Since, as was mentioned earlier, the substance of this Handbook

was presented in earlier reports, the reader is referred to them (cited
in the individual packages) for a more thorouh' discussion of the

statistical features of the various scenes. A few of the common formats

are mentioned here, however.

9 * The greymaps are included to show generally the portion of

the scenery analyzed. AI

"* Each histogram includes a Gaussian curve having the same

mean and standard deviation as the actual curve, and indi-

cated by circles superimposed over the actual curve. j

"* The "S" on some of the histograms indicate that saturation

has occurred. The digital range of the image signals is

between 0 and 255. Because of the difficulty in properly

setting amplifier gaias, the digital range is sometimes

exceeded.

"* The ordinate of the power spectra is designated (AMPL)Y/(I/M)

to accommodate multiple curves with different units. For

data computed in terms of spectral radiance,

-2 -1 -1
AAMPL = watt-cm -sr -pm

and for those computed in terms of temperature, AMPL = K.

vi
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PREFACE

The work described herein was funded by the Optical Signatures

Program to support Navy requirementc. Project Monitor for this task

was Dr. Jon Wunderlich, Naval T4eapons Center, China Lake, California.

Data from infrared (IR) imagery from various terrain and water back-

grounds have been collected by the Environmental Research Institute of

Michigan (ERIM), analyzed to show their statistical features, and

* accumulated in a handbook to present an organized set of backgrounds

* incorporating varied environmental parameters.

The data were collected with ERIM's multispectral scanners, which

operate in several wavelength bands in the visible and infrared portions.

of the electromagnetic spectrum. The imagery were collected with the

"scanners looking both downward and in a direction 35' below the hori-

zontal. The statistics are presented in figures and tables, as histo-

grams, means and standard deviations, spectral correlations, ellipses,

and power spectra.

In order to keep the handbook to the minimum size necessary to

convey the data, and because much of the descriptive material is common

to all of the reports from which the data were obtained, the authors

deferred to the earlier reports (especially Reference 1) for the

material of Section 2 and of Appendices A and B. However, the infor-

imation essential to the utilization of the data is included in this

report.

vii
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MASTER INDEX

SIGNIFICANT INFORMATION ABOUT VARIOUS SCENES

Scene Date Page

Baltimore, MD 5-1-72 3.1-1.

Black Hills-i, 2, SD 7-22-69 3.2-1

Camp A. P. Hill, VA 3-23-78 3.3-1

3.-29-78

3-30-78

Flint-i, 2, M! 9-18-7i 3.4-1

Michigan Winter Scene, City 4-3-79 3.5-1

$ 4-4-79

Michigan Winter Scene, Conifers 4-3-79 3.5-95

-" 4-4-79

Michigan Winter Scene, Farmland 4-3-79 3.5-173

4-4-79

Michigan Winter Scene, Land and Water 4-3-79 3.5-1±4
4-4-79

Mill Creek, OK 6-30-72 3.6-1

Mono Lake, CA 9-23-68 3.7-1

Nellis AFB, NV - Desert & Mountains 2-25-78 3.8-1
2-26-78

Pisgah Crater, CA 10-30-70 3.9-1

Port Hlueneme, CA 3-7-78 3.10-1

Details of these scenes are to be found on the succeeding pages, which

are a continuation of this Master index.
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MASTER INDEX (Cont.)

Scene: Baltimore, MD

Identifier (Date) : Baltimore (5-11-72)

Spectral Bands: 1.0-1.4, 2.0-2.6, 9.3-11.7 pm

Altitude: 2500 ft

IFOV: 2.5 mrad (cross-track); 5.0 mrad (in-track) 1
Aircraft Ground Speed;

Time: 11.40

Direct of Flight: -East

Size of Analyzed Scene: 5225 x 4030 ft

General Description: Residential Area

Meteorology: Clear sky; light haze at 5 ]Zft; dry
condition

Scene: Black Hills-i, SD

Identifier (Date): Black Hills-I (7-22-69)

Spectral Bands: 1.0-1.4, 2.0-2.6, 4.5-5.5, 8.0-13.5 pm

Altitude: 1500 ft

IFOV 3.5 mrad (cross-track); 6.6 mrad (in-track)

Aircraft Ground Speed:

lime: 1340

Direct of Flight: East

Size of Analyzed Scene: 1160 x 7140 ft 2

General Description: Natural terrain of trees and hills with
numerous shadows (forested mountains).

Meteorology: Visibility >15 mi; clear dary, dry; ctloud
cover 10%

k -
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ILI MASTER INDEX (Cont.) L

Scene: Black Hills-2, SD

Identifier (Date): Black Hills-2 (7-22-.69)

Spectral Bands: 1.0-1.4, 1.5-1.8, 2.0-2.6 Pm

Altitude: 1500 ft

IFOV: 3.5 mrad (cross-track); 6.6 mrad (in-track)

Aircraft Ground Speed: 200 ft-sec 1

Time: 1340

Direction of Flight: East

Size of Analyzed Scene: 2420 x 7200 ft 2

General Description: Forested Mountains

Meteorology: Visibility >15 mi; clear day, dry; cloud

cover 10%

Scene: Camp A. P. 1ill, VA

Identifier (Date): Camp A. P. Hill (3-28-78, 3-29-78, 3-30-78)

Spectral Bands: 2.0-2.6, 4.5--5.5, 8.0-14.0 pm

Altitude: 800 ft

IFOV: 2.0 mrad

Aircraft Ground Speed: 168 ft-sec

Time: 0930, 1330, 1830, 2330

Direction of Flight: West
2

Size of Analyzed Scene: 1100 x 1,400 ft

SGeneral Description: Small stands of leafless deciduous and

coniferous trees.

Meteorology: Clear and dry; sunny during daylight hours;

vi:sibility >30 km; light haze in evening.

14:
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MASTER INDEX (Cont.) !

Scene: Flint-1, MI

Identifier (Date) : Flint-1 (9-18-71)
Spectral Bands: 1.0-1.4, 1.5-1.8, 2°0-2.6, 9.3-11.7 pm ;

Altitude: 1000 ft

IFOV 2.5 mrad (cross-track); 5.0 mrad (in-track)

iAircraft Ground Speed: 200 ft-sec -1-

STime: 1130

A

SDirect of Flight: - South

SSize of Analyzed Scene; 1600 x 3980 ft2

General Description: Residential Area

•.Meteorology: Visibility >10 mi; dry; cloud cover 30-50%

"Scene: Flint-2, MI T

Identifier (Date): Flint-2 (9-18-71)

Spectral Bands: 1.0-1.4, 1.5-1.8, 2.0-2.6, 9.3-11.7 pm

Altitude: 1000 ft

IFOV: 2.5 mrad (cross-track); 5.0 mrad (in-track)
Aircraft Ground Speed: 200 ft-sec 1-

Time: 1155

Direction of Flight: Southeast
Size of Analyzed Scene: 1600 x 4430 ft 2

General Description: Industrial-Urban Area

Meteorology: Visibility >10 mi; dry; cloud cover 30-50%

Ix

- cne lit2-M

Idniir Dt) Fit2(91-1



MASTER INDEX (Cont.) I

Scene: Michigan Winter Scene - City

Identifier (Date): City (4-3-79, 4-4-79) I
SSpectral Bands: 3.5-3.9, 4.5-5.5, 9.0-11.4 ;am

Altitude: 1000 ft (35' depression); ]
1750 ft (900 depression)

IFOV: 2.5 mrad

Aircraft Ground Speed: 202 ft-sec-1

Time: 0600, 1230, 1900, 0030

Direction of Flight: NNW

Size of Analyzed Scene: 1650 x 1750 ft 2

General Description: Urban Area

SMeteorology: Snow covered ground; air temperature -2°C,
5°C, 40 C, -2 0 C, respectively; cloud cover A

• 95%, clear, 15%, 60-70%, respectively

Scene: Michigan Winter Scene - Conifers

Identifier (Date): Conifers (4-3-79, 4-4-79)

SSpectral Bands: 3.5-3.9, 4.5-5.5, 9.0-11.4 pm

Altitude: 1000 ft (350 depression);
1750 ft (900 depression);

IFOV: 2.5 mrad

4 Aircraft Ground Speed: 202 ft-sec-1

Time: 0600, 1230, 1900, 0030

Direction of Flight: NNW
2

Size of Analyzed Scene: 1650 x 1750 ft'

General Description: Coniferous Forest

Meteorology: Snow covered ground; air temperature =-2C;
cloud cover = 95%, clear, 15%, 60-95%,

respectively

' x•i
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MASTER INDEX (Ccnt.)

Scene: Michigan Winter Scene - Farmland

Identifier (Date): Farmland (4-3-79, 4-4-79)

Spectral Bands: 3.5-3.9, 4.5-5.5, 9.0-11.4 Um

Altitude: 1000 ft (35' depression);
1750 ft (90* depression)

IFOV: 2.5 mrad

Aircraft Ground Speed: 202 ft-sec-
1

Time: 0600, 1230, 1900, 0030

Direction of Flight: NNW

Size of Analyzed Scene: 1650 x 1750 ft 2

General Description: Farm Fields

Meteorology: Snow covered ground; air temperature =-2C,

50C, 4 0 C, -2 0 C, respectively; cloud cover =

95%, clear, 1.5%, 60-95%, respectively

Scene: Michigan Winter Scene - Land and Water

Identifier (Date): Land and later (4-3-79, 4--4-79)

Spectral Bands: 3.5-3.9, 4.5-5.5, 9.0-11.4 pm

Altitude: 1000 ft (350 depression);
1750 ft (900 depression)

IFOV: 2.5 mrad

Aircraft Ground Spepd: 202 ft-sec

Time: 0600, 1230, 1900, 0030

Direction of Flight: NNW

Size of Analyzed Scene: 1650 x 1750 ft 2

General Description: Land and Lake

Meteorology: Snow covered ground; air temperature =-2C,
50 C, 4VC, -2CC, respectively; cloud cover

I. -- 95%, clear, 15%, 60-95%, respectively

'a. C
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MASTER INDEX (Cont.)

SScene: Mill Creek, OK

SIdentifier (Date): Mill Creek (6-30-72)

Spectral Bands: 1.0-1.4, 1.5-1.8, 2.0-2.6, 9.3-11.7 pm

Altitude: 3000 ft

IFOV: 2.5 mrad (cross-track); 5.0 mrad (in-track)

Aircraft Ground Speed: 200 ft-sec

Time: 0730

Direction of Flight: Southeast• ft2

Size of Analyzed Scene: 3990 x 4840 ft

General Description: Mountainous Terrain

Meteorology: Visibility 30 mi; dry; cloud cover 30%

Scene: Mono Lake, CA

Identifier (Date): Mono Lake (9-23-68)

Spectral Bands: 1.0-1.4, 2.0-2.6, 4.5-5.5, 8.0713.5 pm

Altitude: 4000 ft

IFOV: 3.5 mrad (cross-track); 6.6 mrad (in-track)
-1

Aircraft Ground Speed: 200 ft-sec

L Time: 1000

Direction of Flight: South

Size of Analyzed Scene: 3100 x 6760 ft 2

General Description: Mountains

Meteorology; Visibility >15 mi; clear and bright; dry

I.I
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MASTER INDEX (Cont.)

Scene: Nellis AFB, NV - Desert and Dry Lake

Identifier (Date): NEV-C,L HI (2-25-78, 2-26-78)

Spectral Bands: 2.0-2.6, 3.0-4.2, 3.5-3.9, 4.5-5.5,
9.0-11.4 pm

Altitude: 1000 ft (35' depression)

IFOV: 2.5 mrad

Aircraft Ground Speed: 200 ft-sec 1

Time: 1100, 1600

Direction of Flight: East, except NEVC (West)

Size of Analyzed Scene: 1750 x 2700 (desert); 1.750 x 1350 (dry
lake)

General Description: Desert and Dry Lake

Meteorology: 1100 - high, thin, scattered clouds,
visibility = 15 miles;

1600 - scattered clouds, light haze,
visibility = 35 miles

Scene: Nellis.AFB, NV - Mountains

Identifier (Date): NEV-B, F, I, M, N, 3i (2-25-78, 2-26-78)

Spectral Bands: 2.0-2.6, 3.0-4.2, 3.5-3.9, 4.5-5.5,
9.0-11.4 pm

Altitude: 1000 ft (350 depression);
1750 ft (90' depression)

IFOV: 2.5 mrad

Aircraft Ground Speed: 200 ft-sec-I

Time: 0930, 1100, 1500

"Direction of Flight: East, except NEVGI (West)

Size of Analyzed Scene: 1750 x 6750 ft2

General Description: Mountains

Meteorology: 0930 - high, thin, scattered clouds,
1100 - visibility = 15 miles;
1500 - scattered clouds, light haze,

b visibility = 35 miles

i,.. xxiv
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MASTER INDEX (Concluded)

SScene: Pisgah Crater, CA

Identifier (Date):: Pisgah Crater (10-30-70)

Spectral Bands: 8.0-10.9, 9.4-12.1, 11.3-13.5 pm

Altitude; 1000 ft

a •IFOV: 3.5 mrad (11.3-13.5); 21 x 28 mrad2

r (8.0-10.9, 9.4-12.1)

Aircraft Ground Speed:

Time: 0830

Direction of Flight: South-Southeast
SSize of Analyzed Scene: 6960 x 820

General Description: Mountains

Meteorology: Visibility 50 mi; clear and bright; dry;

"cloud cover 10%

Scene: Port Hueneme, CA

(Date): HUMEl (or HUMl)
-Identifier HUME2 (or HUM2) (3-7-78)

Spectral. Bands: 2.0-2.6, 3.0-4.2, 4.5-5.5, 9.0-11.4 •

Altitude: 1750 ft (900 depression)

IFOV: 2.5 mrad

Aircraft Ground Speed: 202 ft-sec-

Time: 1215, 1420

Direction of Flight: West

6350 x 2800 ft 2 (HUMEI-)
Size of Analyzed Scene: 1800 x 900 ft 2 (HUME2)

General Description: Land and water; port facility

Meteorology: Visibility >15 mi; slight haze; high

scattered clouds; water calm; slight
rolling waves

xxv
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TYPE-OF-BACKGROUND INDEX

This index is intended to direct the reader to background data com-

piled for different types of scenes and under different temporal condi-

tions, diurnal and seasonal. The breakdown of data into more detailed

"categories was considered unnecessary because the physical and environ-

mental characteristics are tabulated in each data package in Section 3.

In this index there is a time-of-day versus season matrix for

each type of background scene. The reader is referred to the Master

Index for the location in the Handbook of material pertinent to the

referenced background type.

e RESIDENTIAL-INDUSTRIAL

Time (Hrs.)
Season

0001-0600 0601-1200 1201-1800 1801-2400

Michigan Mcia
Jan.-Mar. Michigan Michigan thgne Michigan• Part Hueneme,

CA

Arr.-June Baltimore, IM

July-Sept. Flint, MI

Oct.-Dec.

A.

xxvii
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MOUNTAINS

Time (Hrs.)
SeasonT

0001-0600 0601-1200 1201-1800 1801-2400

Jan.-Mar. Nellis AFB, Nellis AFB,
NV NV

Apr"JuneMill Creek,Apr.-June OK

l-Sept Mono Lake, Black Hills,

U .CA SD
F

"Oct.-Dec. Pisgah Crater,
CA

DESERT

Time (Hrs.)
Season

0001-0600 0601-1200 1201-1800 1801-7400

Nellis AFB, Nellis AFB,
Jan.-Mar. NV

Apr.-June

July-Sept.

Oct.-Dec.

xxviii
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WATER (ICE)

'Time (tirs.)
S~~Season -'S0001-0600 0601-1200 1201-1800 1801-2400

Jan.-Mar. Michigan Michigan MichiganPort Hueneme,
CA

Apr.-June

July-Sept.

Oct.-Dec.

VEGETATION-RURAL

Time (Hrs.)

Season

0001-0600 0601-1200 1201-1800 1801-2400

Camp A.P. Camp A.P. Camp A.P. Camp A.P.

jan.-Mar. Hill, VA Hill, VA Hill, VA Hill, VA
Michigan Michigan Michigan Michigan

Apr..June

Black Hills,
July-Sepc. SD

Oct.-Dec.

-L_

xxix
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SPECTRAL BAND INDEX

1.0-1.4__m 3.0-4.2 pm

Flint-I Nellis AFB
Flint-2 Port Hueneme-l
Baltimore Port Hueneme-2
Mill Creek
Black Hills-i 3.5-3.9 p
Black Hilis-2 Nellis AFB
Mono Lake Michigan

-1.5-p mm
S~Flint-i Flint-2 Black Hills-iSF l in t- 2M o o L k

Mill Creek Mono take
Black Hills-2 Nellis AFB
BcPort Hueneme-l
2, L Fort Hueneme-2
2.0-2.6 m Camp A.P. Hill

Flint-l Michigan
Flint-2
Baltimore -8.0-14.0_ m

Mill CreekS~Flint-IS~Black Hills-I
Black Hills-2 Flint-2
BlBaltimore
Mono Lake

Nelli APRMill Creek
Black Hills-i

Port Hueneme-l Pisgah Crater
Port Hueneme-2 Mono Lake
Camp A.P. Hill
Michigan Nellis AFB

Port Hueneme-i
Port Hueneme-2
Camp A.P. Hill

t Michigan

4

xxxi
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DATA ANALYSIS - INTRODUCTION

For a large number of years, there has been a great demand for

statistical information on backgrounds to be used in a variety of

ways, in particular as input to the design and analysis of infrared

systems. The Environmental Research Institute of Michigan (ERIM)

has for years been collecting infrared imagery with its airborne scan-

ners, calibrated to yield, absolutely, spatially varying radiances from

chosen scenery with relatively high spatial resolution. Recent flights

have been sponsored through the Optical Signatures Program to Support

Navy Requirements. One scanner and its associated equipment are des-

cribed in Appendix A.

. A variety of statistical measures have been derived from the

imagery and are presanted in this handbook. These include the conven-

tional statistical parameters of means, standard deviations, histograms,

Wiener (power) spectra, and spectral correlations as well as new area!

radiance/temperature statistics which are particularly relevant in view

Wof recent advances in sensor and processor technology. Efforts to assess

the utility of the various background statistical measures have been re-

ported in various technical reports (References 1-6).

Conventional background statistics have in the past been adequate

since in many instances there is a high contrast between the target and

background. In such instances, the highest intensity background points

determine the highr-st threshold setting necessary to eliminate all

Vr false alarms auLd the histograms provide estimates of how the detection

probability and false alarm rate vary with threshold setting. However,

today there is a nee.d for higher-order background statistics because

of the increased sophistication of background rejection techniques em-

ployed with large detector arrays cnd imaging or scanning sensors.

%
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Although the power spectrum is a background statistic which does vary

with the spatial distribution of radiances in the scene, it is clearly

an inadequate background descriptor for most of today's problems.

Small areas of high radiance produce most of the false alarms in

today's sensors, and the power spectrum does not distinguish between

scenes with many low-intensity areas and those with a few high-intensity

areas. This is a well known fact and a result which is evident from

the background modeling work of R. Clark Jones and the Working

Group on Infrared Backgrounds, WGIRB (Reference 7).

Hence, in addition to the conventional statistics on terrain back-

grounds, area/radiance/temperature statistics have been developed as

a statistical measure that is more directly useful to the sensor de-

signer in estimating detection probabilities and false alarm rates

V iwith today's sensor and processor technology. The statistics developed

are the probabilities that regions (of various sizes, shapes, and

orientations) will occur in the scene above a specified radiance thres-

hold. The parameters calculated are area, major and minor axes, and

the angular orientation for an elliptical figure that is equivalent,

in geometric area and ratio of second moments of the region area about

its centroid, to each contiguous region above the radiance threshold.

The elliptical area is equivalent in spatial area only to each con-

tiguous region above the radiance threshold. Presented in the hand-

book are histograms of the number of area sizes occurring above pre-

selected thresholds. For most scenes, the number of regions and their

areas decrea-ý as the threshold is raised, while the number of small

regions above any preset threshold varies fron one scene to the next.

These area/radiance/temperature statistics are analogous to the more

familiar pulse length statistics for one-dimensional records.

1
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The statistical parameters for the occurrence of areas and inten-

sities in the various background scenes are not only directly useful

for estimating sensor performance but may also be useful in special

r cases in simulating classes of backgrounds. The equivalent ellipses

at each threshold can be positioned to simulate the actual scene from

which they were derived, or repositioned at random to simulate many scenes

baving the same area/radiance/temperature statistics. Such simulations

of backgrounds reproduce many of the spatial characteristics of the

original scene as is shown by example in Figure 1. In this figure,

a sample thermal image is reproduced, overlaid by a transparency con-

taining ellipses processed in the analysis from a preselected threshold.

Correlations between the ellipses and certain structures in the imagery

are evident. The correlations are not as spectacular, however, in the

more homogeneous backgrounds. The statistics of the ellipses should

match the real scene statistics more and more closely as the threshold

for signal detection is raised. However, we have not performed a com-

plete analysis of the correlation between scene characteristics and the

simulations representing these scenes.

The histograms provide probably the greatest amount of informa-

tion in general about the scene. In the thermal regions of the spectrum

* they are presented in terms of temperature for comparison among the dif-

ferentispectral regions. The temperatures are obviously only apparent

since the emissivity of the surface is loss than unity, and furthermore,

kthe atmosphere intervenes to alter the radiation emitted by the surface.

Inhumogeneitios in the surface radiative properties tend to spread the

histogram, while the atmosphere tends to have a quieting effect. The
t interplay of these two characteristics is evident in the different

scenes, particularly in a comparison between the 4.5-5.5 Jm and the

8.0-1.4.0 pm regions. In the shorter wavelength regions, the sun's

inl.uence is evident.
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The scanner details are included in Appendix A and the data processingI
procedures are presented in Appendix B. The remaining sections of this

handbook contain the background data that forms the substance of this hand-

book. The type of data included in this handbook and the form of data

presencation is described in Section 2. This section provides the data

description and explanation necessary for utilizing the handbook, The

substance of the handbook is compiled in Section 3, containing complete

packages of background data and pertinent environmental information.

°1-5
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DESCRIPTION OF DATA STATISTICS

The multispectral background data selected for inclusion in this
report were analyzed to determine the statistics of both radiometric and

spatial features. The general data processing principles are presented
I in Section 2.1 with a more detailed discussion of the procedures included

in Appendix B. The remainder of this section is devoted to describing

the data and the statistics used to present the data in this handbook.

The statistical measures derived from the data are described in Section

2.2; point statiitics in Section 2.2.1, and correlative statistics in

L Section 2.2.2. Three types of correlative statistics are discussed.
i} These include spectral correlations between pairs of bands; area/radiance/

v ~ temperature statistics and the development of the equivalent elliptical

area concept; and one-dimensional Wiener (power) spectra.

2.1 DAiA PROCESSING PROCEDURE

t Some preprocessing is required before the scanner data are used to

r generate scene stacistics. First, the high density digital tapus must be

converted to computer compatible tapes, Secondly, each channel must be

calibratcd in temperature or radiance (see Appendix B.2). The data in
2

the near IR channel are converted to equivalent radiancle in PW/cm -sr.pm

and the data in the thermal IR channels are converted to apparent tem-

perature in degrees Kelvin. Next, averaging is employed to reduce over-

sampling and to equalize any differences in the fields of view of the

various detectors (see Appendix B.3). Lastly, calibrated formatted tapes

are generated for analysis.

2.2 STATISTICS DEFINITIONS

I. - Several sets of statistics have been generated for each of the

chosen scenes. These may be broken down into two groups:

2-1
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1. Point Statistics: Those defined by individual data points

in a single channel.

2. Correlative and Area Statistics: Those requiring calcula-

tion of correlation effects for a scene either in a single

channel or between channels.

2.2.1 POINT STATISTICS: MEANS AND STANDARD DEVIATIONS

The point statistics generated are the mean and standard deviation

for each channel and a histogram of the data value distributions of

these channels. In some imagery, to determine the degree of homogeneity

that exists, the total scene is broken down into sub-areas and the

tr • point statistics generated for these sub-areas as well as for the

total area. In practice, the sub-area statistics are generated first

and the total area statistics derived from them. Sub-areas are not

included in this handbook.

The mean value for area n in Channel J (X(J) ) is evaluated

using

N
S - x(J)i1 (2-1)

Ti i=l

where x(J) is the data value of pixel i in Channel J and N. is the

total number of data points in the area. Using the same notation,

the standard deviation, a 2(J) , is given by

2J) = ( ( - x(j (2-2)

. - At the same time that these statistics are generated, the number

of data points having each of the possible data values (0 to 255) is

tabulated and this tabulation used to generate histograms for the scene. (

2-2
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A representative histogram is included in Figure 2. Note that

the ordinate of the histogram is probability expressed as fraction

of the total number of data points within an interval of the abscissa.

In this example case, it is the fraction of the total in a 0.190 K

interval.

2.2.2 CORRELATIVE AND AREA STATISTICS

Three sets of correlative statistics are generated for the scenes:

wavelength correlations, area statistics, and spatial correlations or

Wiener spectra. Because of the common factors involved, the waveleneth

correlations are evaluated at the same time as the means and stande'd

deviations while the area statistics and Wiener spectra require separate

computer codes.

2.2.2.1 Wavelength Correlations

lt- The wavelength correlations are determined for all pairs of channels

except for those collected at opposite ends of the M-5 scanner which were

900 out of phase. The data for the 1.0-1.4, 1.5-1.8, and 2.0-2.6 pm chan-

nels were collected using a three-element InAs detector, the segments

of which look at slightly different ground areas at any given time.

The 1.0-1.4, 2.0-2.6, and 4.5-5.5 pm data were collected with a three-

element InSb detector. The three channel data were brought into regis-

tration at the nadir by applying appropriate time delays to the leading

channels (time delays long enough to correct for the 900 phase difference

between the two ends of the M-5 scanner could not be generated). Corm-

plete registration could not be maintained across the entire scan line

because as the scan angle is increased, the projection of the three

detector arrays rotates about the center element until at a scan angle

of 90o the detector array is aligned in-track rather than cross-track.

However the element-to-element registration is 50% or better for angles

420' of nadir.

2-3
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The wavelength correlation between two channels, J and K, is defined

in terms of a correlation coefficient which is the ratio of the co-

variance of the two channels to the product of their standard devia-

tions:

" • ~CUV (J, K)

COR(J,K) = (2-3)
o (J)o(K)

where COR(J,K) is the correlation coefficient for the two channels, o(J)

and 0(K) their standard deviations, and COV(J,K), the J-K element of the

covariance matrix for a given area, is defined as

N N

COV(J,K)l - x(J) -- (J) x(K) (2-4)
1, r: N -l _ 24N° n -1 N i =l

where all symbols are the same as those of Equations 2-1 and 2-2. The

reason for the simultaneous evaluation of Equations 2-2 and 2-4 is
2obvious: the square of the standard deviation a (J) is the autoco-

variance or the covariance of a given channel with itself COV(J,J).

An example of the correlation coefficients for the infrared channels of

the sample area is given in Table 1.

2.2.2.2 Area/Radiance/Temperature Statistics

Since means, standard deviations, and histograms do not give any

information about the positions of data values in the scene or possible

clustering of these values, area statistics have been generated by

determining contiguous regions of the scene for which ;he enclosed

points had values greater than some prescribed threshold. Once these

regions have been defined, their geometric centroids, areas, and

Io second moments are determined and these parameters used to define

a set of equivalent elliptical areas. The output from this procedure

is, for each threshold level, a tabulation of distributions in terms

I.-.of area, perimeter, and shape of the pictured ellipses.

2-5
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TABLE 1. STATISTICS OF THE AFTERNOON SCENE

Number of Subregions = I

Pixel Subarea Divisions at; 1 855

Line Subarea Divisions at: 1 704

Line Increment Used 1

Pixel Increment Used 1

Correlation Channels: 2 (2.0 - 2.6 pm)
4 (4.5 - 5.5 pm)"9' "5 (8.0 - 14.0 pm)

C. -

Correlation 2 4 5

2 1.000

z4 0.782 1.000

5 0.636 0.882 1.000

Channels 2 4

Mean 6.2356E+01 2.8569E+02 2.8654E+02

St. Dev. 2.4785E+01 2.2922E+00 2.7390E+00

Total Points 597800. 597800. 597800.

The term subarea refers to the original analyses in which the total
area was subdivided into subareas. In the handbook samples, subarea
and total area are equivalent. The line and pixel numbers are evident
from the greymap dimensions.

2-6
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The semi-major and semi-minor axes of the equivalent ellipses are

taken coincident with the principal axes of the regions they represent.
C.

If I and I are the second moments of a region about the centroid and
'Cy

IC its product moment, all of which are calculated as if the plaae
xy

figures are massive and have moments of inertia*, the angle of rotation

of the principal axes relative to a fixed x-y coordinate system is

given by

1 2- Ia tan Xe (2-5)

where a is in radians. The second moments of the region about the

principal axes are then given by

-P X, )I ('cj- I) cos 2o, Ic sin 2ax2 \ 2 XY

and (2-6)

- _ cos 2a + Ic smin 2a

i2 Since the area and the second moments of an arbitrary region cannot

be simultaneously matched using an ellipse, equality is demanded between

the geometric areas and the ratios of the principal moments. If the semi-

major and semi.-minor axes of the ellipse are defined as a and b, respec-

Lively, and the a-axis is aligned with the larger of the principal axes

of the region, these equalities give

2 A I 21-la A--~y (2-7)

VI12

and

2 A 12
b

cf. Mathematical Statistics, S. S. Wilks, John Wiley & Sons, 1962.

2-7
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where A is the area of the region and I and 12 are the moments given
1

by Equation 2-6, with I > 12. If I of Equation 2-6 is the larger of
1 2' Y

the moments, the a-axis of the ellipse is oriented at an angle a with

respect to the fixed x-axis; if Ix, is larger, the a-axis is at an angle

01 + m/2. An example of the equivalent elliptical areas generated for

the 80-14.7 pm channel of the sample area is shown in Figures 3 and 4.

These figures represent the areas found for date values exceeding the

specified threshold where a is the standard deviation, i.e., 2.740 K,

and the threshold is defined as the mean plus the specified multiple

of a. The mean is 286 0 K.

2.2.2.3 Wiener (Power) Spectra

The last of the correlative statistics generated are Wiener spectra

- which give information about the spatial frequency content of the images.

The Wiener spectrum for a stationary process is defined as the Fourier

transform of the autocorrelation function. In one dimension this is

S(k) Jf exp (-27ikxx)R(x)dx (2-8)

* where S(kx) is the Wiener or power spectrum, k the spatial frequency,x x
and R(x) the autocorrelation function. R(x) is itself defined as the

expectation value of the product of scene data values times the corres-

ponding values for the scene when displaced by x:

R(x) = E {f(X)f(X + x)} (2-9)

where E represents the expectation value of the argument. The Wiener

spectrum may be evaluated without first determining the autocorrelation

function if the integral

f IxR(x)Idx (2-10)I. -Z

is bounded, which is usually the case for non-periodic data with zero

mean. In this case, it may be shown that [Reference 8]

2-8
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P1 P428 P855 1
Li 4.( * •i

•0 q"

•_ 1400 ft

i- Area: Camp A.P. Hill (Wavelength =8.0 -14.0 pm) :

Temperature Threshold = Mean + 2.50 oy

S~ Mean = 286.54 Kelvin

-Std. Dev. 2.74 KelvinA

SFIGURE 3. EQUIVALENT ELLIPTICAL AREAS -AFTERNOON

•, 2-9
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P1 P428 P855

- L1 .

L I
k

L704'

1400 ft, SV

2-1.0

tv

?h

5d

- L 704

1400 ft

Area: Camp A.P, Hi]] (Wavelength = 8.0 - 14.0 tim)

Temperature Threshold = Mean + 3.00

Mean =286.54 Kelvin

Std. Dev. = g = 2.74 Kelvin

S • FIGURE 4. EQUIVALENT ELLIPTICAL AREAS - AFTERNOON
I. -
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S (k) I lim (x2 -Xl)• f (x) exp(-27rikxx)dx (2-11)

so that tle Wiener spectrum is, in the limit, the modulus squared of

•te Fourier transform of the scene. Written in terms of the discrete

' • Fourier transform, this eqiiatton becomes

A

2

Ax "
S(k ) = (N -) f(x) exp(-2riJk/N) (2-12)

(N 1)

where N Is the total number of points being transformed, i the square o

teroot of -i, and the spatial frequency k evaluated onfy at inseger

Fovalues of j, is given by

j) (A) f-f) (2-13)
•: x NAx-

t where x is the displacement between successive data points. i s

r It o 1ay be seen from Equation 2-12 that the Wiener spectrum Sge)
is symmetric about j=N/2 since

kexp(-2Ti(M-j),/N) = exp(+2TlJZ/N) (2-14)

Hence

S(N-J) = S(j) for J=1, 2, ... , N/2 (2-15)

and only the first half of the Wiener spectrum needs to be evaluated.

The calculated frequency range is then

"< k < (2-16)
NAx x -2Ax

One-dimensional Wiener spectra are evaluated both erors-track (along

scan line) and in-track (parallel. to the aircraft flight patbs). These

are average spectra since Equatlon 2-1.2 was used to transform individual
"lines" of data and the transforms have been averaged over a number of

2-11



"lines". Since tne Fourier transform algorithms are substantially less •

expensive if the number of poJnts transformed is a power of 2, only 2 n

points (n was mostly 9, so 2n_=512) are used for both the cross-track

and in-track "lines" of data. The middle 5].2 scan lines are averaged

to obtain the cross-track Wiener spectra; a number of along-track lines

' (usually 25) equally spaced across the image are averaged to obtain

the in-track Wiener spectra. Examples of in-track and cross-track :

Wiener spectra for the sample area are shown in Figures 5 and 6. The

units of power density are (°K)2/cycle per meter for the bands above A

-A

3 pm and (p/m2-sr-pm) 2/cycle per meter for the bands below 3 p•m.

Because of the multi-modal nature of many of the background scenes,

Wiener spectra are limited, as mentioned in Section 1, in their descrip-

] , tion of false alarms. They are, however, a traditional method of pro-

Sducing spatial phenomena mathematically, and show trends which are h-2Ip-
"nful. in an overall appraisal of a background scene, especially in rela

tion to other scenes.

2.3 DATA UTILIZATION

Tin e data mos tained in Section 3 were collected over a period of several

years for a variety of purposes. There exists a variety of problems to

which data of this type are directly applicable, In some cases, data may

be completely appropriate (right wavelength, time, etc.) to a particular

problem. Wi- le in other situatioles, it will be desirable to use the data

included herein for problems for which the measurements are not directly

analogous. For these cases, an estimate may be obtained by extrapolation

from or interpolation between the data packages of Section 3. For example,

estimates of the background characteristics at wavelengths other than the

S~precise wavelengths at which the measurements were made are possible using

the filter characteristics of the scanner included in Appendix A and

considering atmospheric effects. In the tceran l bands, blackbody curves

should be data to extedpinaSe to the wavelength of interest, whereas in

the near Infrared wavelengths, the solar spectrum is used.lar

= ~2--12
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rSPATIAL FREQOUENCY (CYCLES/M)

Area: CAMP A.P. HILL CROSS-TRACK Wavelength 2.0-2.6 (*), 4.5-5.5 (+), 8.0-14.0 (X)

SPOW'ER SPECTRA - AFTERNOON

Power spectral density is (,!W-cm--sr -pm-)2/cycce/meter for the 2.0 to 2.6 tjm band, and ('K)21
cycle/mceter for the 4.5 to 5,5 and 8.0 to 14.0 pm bands.

I
FIGURE 5. POWER SPECTRA - AFTERNOON (CROSS-'IRACK)

,
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SPATIAL FREQUENCY (CYCLES/M)

Area: CAMP A.P, HILL IN-TRACK Wavelength = 2.0-2.6 (*). 4.5-5,5 (+.8.0-14.0 (X)

POWER SPECTRA - AFTERNOON

*Power spectral density i:, (pW-cni-2_-sr l-I-pm-1)2 /cycle/meter for the 2.0 to 2.6 pJm band, and ('K) /
Cycle/reeLer for tine 4.5 to 5.5 and 8.0 to 14.0 pm bands.

-FIGURE 6. POWER SPECTRA AF'Ib•IqOON (IN-TRACK)
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In both cases, the variation in the scene emissivity and reflectivity

with wavelength will introduce some uncertainty. Additionally, detailed

atmospheric measurements were not made and some umcertainty will exist

due to atmospheric effects. However, if one recognizes the uncertainties

involved due to these effects, an estimate of the background character-

istics at conditions other than those included in Section 3 is feasible.

The accuracy of the estimate will depend on both the closeness of desired

data conditions to those included herein and the specific background a.id

conditions from which the interpolation is made.
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PHYSICAL DESCRIPTIONS AND STATISTICAL DATA FOR VARIOUS SCENES

This Section is composed of data packages from the different scenes

from which imagery was obtained under various environmental, diurnal,

and seasonal conditions. Each package contains the following in this

- order.

1. Tables giving the pertinent environmLntal, geographical, and

temporal data concerning the scene; and physical data on the

, area of coverage, spectral coverage, spatial resolution,

flight direction, and depression angle (from the horizontal)

of the scanner look direction.

2. Aerial photograph of the scene.

S3. Scanner imagery of the scene in various spectral bands.

4. Greymaps of the imagery in selected spectral bands, designating

the chosen areas of coverage for which the statistics were cal-

Sculated. Scanner line numbers are shown on the side of the map

and pixel numbers in the scan line on the top or bottom.

Scanner line and pixel numbers are used to identify the location

of the data in the imagery. See Appendix B for additional

details. Because of vertical-to-horizontal asymmetry of scale in

i the line printer which creates the greymaps, picture sizes are

not to scale. The dimensions and scanner line and pixel numbers

are included on the picture to identify the area represented.

5. Histograms of selected portions of the imagery showing tempera-

ture and/or radiance distributions of scene elements (pixels)

for various spectral bands. Histograms are reported as probabil-

. � ity exprassed as fraction of data points in a temperature interval

as a function of temperature for wavelengths above 3 pm and as

fraction of data points in a radiance interval as a function of

* , radiance for wavelengths below 3 um.

3.0-1
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6. Tables showing means and standard deviations for various

spectral bands, along with correlations of the data between

pairs of spectral bands. The total number of points (pixels)
t to which these values correspond are tabulated.

7. Selected ellipse statistics in two forms: distributions of

ellipses in terms of area, perimeter, and shape factor*, and I
actual ellipses "pictures" representing the events from which

the ellipses were calculated. See Section 2 for description

of ellipse representations. In the ellipse pictures, the

scanner line numbers corresponding to those on the greymaps

are prefixed with an "L"; the pixel numbers are prefixed with

a "P". Thus, line 50 is L50, pixel 75 is P75.

In some cases one will note a discrepancy between the

- inumber of ellipses tabulated in the "Distribution" table

which follows each ellipse picture and the apparent number

of ellipses in the corresponding figure. There are several

reasons for these occurrences among which the following

are the chief ones. When obvious, glaring noise spikes

were encountered, they were erased from the pictures, but

were nevertheless tabulated by the computer program. This

occurred only In two cases which are designated on the

appropriate figures and tables. -Another cause is the

merging of small ellipses which appear as one. Finally,

probably the major cause is the fact that the Calcomp

plotting routine apparently simply drops ellipses which

are below a certain size. Therefore, when this discrepancy

occurs, it happens mainly to the smallest values in the

tabulation, which covers no mote than a half dozen pixels

* , Perimeter/2w
Shape Factor = 1/2(area/70

A t For a circular area, the shape factor would achieve its minimum value of (
unity.

3.0-'2
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or so. Since the tapes containing the analyzed data can be

made available at cost, these minutely detailed results can
W be retrieved by persons interested in them.

8. One-dimensional power (Wiener) spectra, both in the direction

of flight and across the flight line, for various spectral

bands. These are called respectively the in-track and cross-

track spectra. See Section 2 for description of power spectra.

IITable 2 and Figure 7 are included here to help the reader under-

r stand how the energy in a scene is distributed among selected bands.

One may discern from them how the signals in different spectral regions

relate to each other. Precise correlations cannot be obtained from

them, however, because of the host of meteorological and physical factors

V •which come into play. They might be used, though, to infer some gener-

alized qualitative behavior in the histogzams. Table 2, for instance,

S •shows the sunlight radiance reflected from a diffuse terrain element

on line 1, and the radiance emitted from it on line 2, in the various

bands indicated. From the calculated ratios, it is seen that reflected

sunlight predominates in the 2.0.-2.6 pm bandscan be equally as effective

as thermal radiation at 3.5-3.9 pm, and diminishes in effectiveness

beyond. One important factor which is not included in Table 2 is the

possible strong spectral variability of the emissivity of terrain

material which could affect the ratios greatly. The emissivity used

for Table 2 was nominally 0.9. Figure 7 shows the relative amounts of

radiation In the selected thermal bands as affected by absorption in

the atmosphere.

I.3-
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TABLE 2. COMPARISON OF REFLECTED SOLAR
IRRADIANCE vs THERMAL RADIANCE AT THE

CENTER OF DIFFERENT CHANNELS

(W-cm-2_ster-l im- )

2.0-2.6 jm 3.5-3.9 um 4.5-5.5 um 9.0-11.4 pm

-5 -5 -6 7Sun (S) 7.15 x 10 2.55 x 10 3.97 x 10 2.59 x 107

Thermal (T) 1.30 x 10-7 4.03 x 10-5 7.80 x 10-5 9.87 x 10.4

SRatio kT/S) 1/550 1.6/1 19.7/1 3800/1

3 . -
I.
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TEMPEIATURE (K)

FIGURE 7. BAND RADIANCE AS A FUNCTION OF TEMPERATURE
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4ý BALTIMORE, MARYLAND

AAj Pertinent Scene and Flight Information

(Date of Flight: 11 May 1972)

I

I

U=

Ar

For specific discussions of these and associated data for this scenery,
refer to Reference 1.

3.1-1I _
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BALTIMORE Data

Wavelength Bands:

1.0-1.4 pm, 2.0-2.6 ur, 9.3-11.7 umit

IFOV: 2.5 mrad (cross-track); 5.0 mrad (in-track)

Altitude: 2500 ft Depression Angle: 90*

Time: 1130 hrs Flight Direction: East

Ground Speed: %200 ft-sec

Area Covered (Approx.): 5200 ft long x 4000 ft wide
(1.0-1.4 prm, 2.0-2.6 im)

6250 ft long x 4000 ft wide
(9.3-11.7 ur)

Meteorology: Clear sky; light haze at 5k it; dry conditions

i3 --
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1.0 -1.4 pm

1..

-9. 1.-1.7 pm I
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LE IM

BALTIMORE, MARYLAND

Histograms

Spectral Bands: 1.0 - 1.4 um
2.0 - 2,6 im

9. 9.3 - 11.7 jim

I.
"Circles define a Gaussian curve with the same wcan and standard

deviation aii the actual |IiLtogram. An "!,i on some curves ind catu.s

saturation. Because of limits on gain settingg some values may exist

, -• beyond the: digital, limits of 0 and 255, the digital dynamic range of (

the data processing.

•I 3.1I-6
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IBALTIMORE, MARYLAND

Means and Standard Deviations for Spectral Bands •

.I

Correlations Between Spectral Bands

(•~m2 -1 -i)
Spectral Bands: Channel 2: 1.0 - 1.4 lji p-m -sr -•jm

]. Channel 4: 2.0 -2.6 ijm (OW-cm-2-sr-l-im-

•" Channel 5: 9.3 -11.7 Pm ('K)

=4

I i These data were obtained with the 14-7 scanner. The 1.0-1.4 and

l.,, -2.0-2.6 p~m data are in spatial registration, but the 9.3-11.7 jim data

were processed separately and are not in spatial registration with the
!, -M1.0-1.4 and 2.0--2.6 Sm data. Hence, spectral correlation coefficients

have not been determined between the 9.3-11.7 Bjm data and either nhe

1.S0-1.l4 Bns or 2. 0-2.i6 p1 data.

•1 3.1l-1.0



•i ~BALTIMORE :

S~~Number of Subregions=i

SPixel Subarea Divisions at: i 645

Line Subarea Divisions at: 500

IL

q iLine Increment Used 1

•: Pixel Increment Used =I

| Correlation Channels: 2 (1.0 - 1.4 pm)

""4 (2.0 - 2.6 pm)
S5 (9.3 - 11.7 pm)

NumberCorrelation 2=4

SLm2 1.000

S4 0. 084 1. 000

C el Channels2 4

Mean 2.1332E+03 7.6847E+01 2.9913E+02

St. Dev. 7.7751E+02 4.3876E+01 5.8879E+00

To2al Points 269610 269610 322500

t S e75+2 3.1i-1

Tota Poits 2961 26910 3250
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BALTYMORE, MARYLAND

Ell~ipse Statistics

Spectral Bands: 1.0 - 1.4 Irn
9.3 - 11. 7 m

3.1-13
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P I P 323 P us

L 427 4.n

L •

- 0

Area BATMR Wvlnt . , m

* 90

I ' N)-7

S S

-2 -
S5 6 05f

-Mean 2133.18 W-cm 2-sr*--m

.| ,Std . Dev. = a :777 .51 pW-cm -2 -sr '-1 -wIi 1

CEQUIVALENT ELLIPTICAL AREAS

b 3.1-14
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BALTIMORE

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

U
SQUIARE METERS FREQUENCY

Threshold = Mean + 2.13 y

Wavelength = 1.0 - 1.4 pmi
-2 1 -

16,0 TO 20.0 0 Mean = 2133.18 pW-cm -Sr -pm
20.0 TO 25.0 46 -2 -1 -1
2S.0 if) 30.0 17 a 777.51 pW-cm -sr -ipm
30.0 i0 35.0 0

. 3S.0 110 40,0 16
*O40.0 To 50 10

S45.0 TO 50n.0 0
50.0 TO 75.u 12
75.0 10 100.0

100.0 TO 150.0 2
S15o.n TO 2nO.O 0
200.0 To 250.0 2
250.0 TO 300.0 0

"300.0 TO 400.0 0
/ n 00.0 TO 500.0 1

OvvEw 500.0 0

TOTAL NIUMER OF ELLIPTICAL AREAS 120

P60 FEATUHFS VOTTH AREAS LESS THANI6,O0 50, MFTEPS WERE ALSO RECOGNIZED

U
SBY PERIMETER BY SHAPE

METERS FEET FRF1JOENCY SHAPE FACTOR FRF(JIIENCY

0 10T 7 0 T Ž) 2 0 0.0 TO 1.0 1

S7 TO to ? n "1 0 .o TO 1.1 0

10 TO I 32 TIf ; ) 0 1.1 T7 1.2 15

.12 TO IQ 39 Tnl '5 0 I. TO 1.3 6

L 14 TO 16 149 Tfc 52 I 1. 0 TO 1.4 ?7

1t T).1 17 52 TO 55 0 .' TI 1.5 II

17 10 Pn 0 5 TOc 65 8 1o TO 1.6 10
-0 TO ?2 65 TIo 7 0 t, T () 1.7 ?c0

22 TO 24 7? Tn 78 Pb .7 TO 1.8 10

r 24 10 2o 71 yIo R5 0 1R T I 1.9 6

26 TO 28 85 T(i 91 1 1i.) Ti) 2.0 6
28 10 30 q1 TI) 08 0 P.n TI,) j.'4 h

"" 30 TO 3? q8 Ti) IAa 16 2.01 TO 2.6 0
32 TO 39 104 TO 127 15 ?.h TO P.8 2
19 TO '45 127 Tcl 17 6 2.A TUi 1.0 0

45MS TO 5s 1'7 To 18O 13 1.o 1( 3.5 0
"") T) 71 180 TO 23? ? 3,5 TO .O 0

S71 TO 100 2s? It) 3?8 5 . Tic Q.5 0
OVER 100 OvFH 3?M 2 OVER '.5 0

A

3.1-15
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SP1 P 323 P645 -

:• ~~L 42"7 -

IN

LW
4025 ft

Area: BALTIMORE (Wavelength =1.0 1 1.4 Vim)

Radiance Threshold =Mean + 3.40 a
-2 - -I

Mean =2133.18 PW-cm -sr -pm11

Std. 0ev = a = 777.51 viW-cm 2 s-Sr p-vIm

EQUIVALENT ELLIPTICAL AREAS

3.1-16(i
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BALTIMORE

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA
"SQUARý HETFRS FREnUFNCY Threshold = Mean + 3.40 o

Wavelength 1.0 - 1.4 pm
-2 -1 -1

Mean = 2133.18 pW-cm -sr -jim

16.0 TO 20.0 0 a 777.51 pW-cm- 2-sr- 1  m-i p
20.6 TO 25.0 0
50.0 TO 30.0 1
30.0o T] 15.0 0
35.A TO 10.0
410.0 TII 05.0 0
£5.0 TO 50.0 05060 TU 7S.0

75.0o To 100.0 0
100.0 TO 150.0 3/ .. 150.0 T0 200. o0 1

200.0 TI) 250.0
?5o.o TO 300.0 o
"300.0 TI) £100.0 0
000.0 TO S5,0.o0 0

0 V E R 500.0 0

TOTAL NUMBER OF ELLIPTICAL AREAS q

1- 12 FEATURES ,TTH AREAS LESS THANI6.00 30. METFRS WERt ALSO RECOGNIZFO

HY PRJMETER I BY .;HAPE

SMETERS FF-T FRFQ "ENCtv SHAPE FACToR FNE1)IJENCY I
49

0 To 7 0 TO 2? 0 n0 0o 1.0 0

7 TO 10 2? Tn 32 0 1.0 TO 1 .1 0

1 0 TO 12 32 in 3Q 0 1.1 TO 2.2 1

12 Ti) 14 39 Ti 13 0 1.? TO1 .3 1

1- T "1 16 £15 TI) 52 0 1.3 TO .j ii
t b TO 1 7 92 IT) 5% 0 * . TO 1.5
17 IT 20 59 1 TO S5 0 1.9 T'l I.t 2 .
20 TO 22 6h T(I 72 0 1.6 Til .7 2
22 10 20 7? TIO 7P 2 1.7 '7U1 1.8 1
? 2 lit 60 7P A 0 A 0 1 T.I• T 1i I)

26 TI) 28 85 TO Q9 *0 1.0 TO) 2.0 0

28 TI) 30 QI Tit qM 0 ?.0 TI 2.0 0

30 T1( 32 q8 TOi 13%u 0 2.a TO 2.60 2
- I) 3q 104 Tfj 127 P ?.h T1 2. 0?.

39 !0 0Q5 127 TI' 107 10 A 7( 3.0 0

455 TO 5S 107 TIi I ( ) 1.0 TO, 3.5 0

S5 TO 71 1 fit Tii 21k Q* 1 t; . 0.TU 0 I)
71 If)l 100 76? TSP T , B 0 uo.0 T1) 1.o 0

OUVER 100 OVp 328 0 OvFW 4.5 0

3.1-17
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I
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Area: BALTIMORE (Wavelength : 9.3 -11.7 irn)Temperature Threshold = Mean + 3.23 a
Mean =299.13 KelvinSStd. 

Dev. = a 5.89 Kelvin

EQUIVALENT ELLIPTICAL AREAS
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BALTIMORE

DISTRIBUTLON OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

biV AREA Threshold = Mean + 3.32 u
31JUARF METFRS FREQUEZNCY Wavelength = 9.3 - 11.7 pmi

Mean = 299.13 Kelvin

a = 5.89 Kelvin
16.0 TO 20.0 0 .
20.0 TO P5.0 146
25.0 TO 30.0 17
30.0 TOI 35.0 0
35.0 TO 4mO0 is
1o.0 TO) 35.0 11
4S.0 TO 50.0 0
50.0 TO 75,0 12
7S.n TO 100.0 A

10n.0 TO 1so.0 2
19o0.o 7 e 250.0 4
Ž00.0 yo ?So .0 2
?5 20.0 10 300.0 0

- 300.0 TO '400.0 0
'J00.0 TO s00.0 I

I)VtH 500.0 0

'TOTAL NITHBER OF ELLIPTICAL AREAS = 118

262 FEATURFS wYTH AREAS LESS THANI6.00 30. METERS WFRE ALSO RECOGNUIEO

OY PERIMETER BY SHAPE

METERS FEE T FREOUENCY SHAPE FACTOR FREOIJENCY

0 TO 7 0 (.1 22 0 0.0 TO 1.0 1
7 TO 10 Z2 T(, 3" 0 1.0 'TO 1. 1 0

10 TO 12 32 TO1 39 0 1.1 7 f 1.2 15
12 Tn 141 IQ TI) 115 0 .2 TO 1.3 6
14 Tr) D 16 95 70) 52 1 1 .3 11 1 .I 27
16 TO 17 9? TI 99 0 1. T.4 1.9 1S
17 10 D 0 ?9 "T u 9 1 .3 I1) L.6 10
P?0 T 22 61 111 7e 0 .6I 71) 1 .7 1
22 T0 2Q4 7? P1 7R 26 1.7 10 1,8 .
24 TO IS 78 Tis AS 0 111 1.9
;26 TO 26 b 19 Ti) 91 1 1 .9 TI) 2.0
28 1f• 0 f so 41 111 (,m 0 0.0 II 2.1 6
30 TI) 52 Q pt I7 1 A4 1b .4 0 2.4 1 0
32 TI) 39 104 II' 1;7 1 3 IS TOl 2,R ?
39 TO 195 127 f 1 1'17 I ?.A TI( I.o 0
'15 T11 15 11)7 10 1 Flo 13 1.0 TIJ 3.5
S5 TO 71 160 7'' 21? 7 3 T (1.0

71 TO0 100 t) ? "' 3?(l 4 11.1) 7(1 b .UVER 100 OVFR W?' 2 f)YFR 14,9

-341
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A

P 323 P 645 1
L 427

III

II

O' -

L 10
4025 ft

Area: BAL11MURE (Wavelength 9.3 - 11.7 ion)

Temperature Threshold = Mean + 3.90 o

Mean = 299.13 Kelvin
SStd. Dev. o = 5.89 Kelvin

EQUIVALENI ELLIPTICAL. AREAS
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•F BALTIMORE

S•DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

8 • Y AREA Threshold =Mean + 3.90 cy

SQUARE METFRS FPF~nUENCY Wavelength =9.3 - 11.7 !•rn

v 1

Mean = 9.3Kli
SoG 5.89 Kelvin

S16.0 To 2.?0,0 0
?o .,0 To ?5,0 6

!- •"2S.0 ITo S0,0 2)
U 30.0 T 35.0 0

35.,0 T.) ,0 0.0 1

40.0 10 45S.0 1
49• .0 1() S0.0 0

BY.n Af) 75T0 3
575.0 0 100K0 2

100.0TO 2y0,0 ]

25O.0 TO 3no.o

S25,.0 T1( 300.0 0
301.0 TO 4n0.0 0
0n5.0 TI) S0.0 0

OVER 500.0 0

.TOTAL TlIhER OF E2LIPTICAL AREAS

: • }35 FEATUNF3 WITH AREAS LESS THAN16.O0 80. MFT7EkS WERE. ALSO R•ECOGNIZED

S -. BY PERIMETER BY SHAPE

AI F R FFET FRE1U(NCY SHAP3 F.CT0R FREOUF"CY

30 TO ' n TI 0 0 0.0 00 1.0 0
' .7 T O 10 Sf T0 . 0 1.0 To 1,! 1

- 10 TO 12 3? To) "3 0 1.1 TO1 1 .2 1
-:12 10) 14 39 '111 L5 0 1.? TLI 1,.3 1

1 T D~ I 16 4ci To S? 0 1.1; 1 f-I I.4 1
TT6 TME 17 LIPTIC S1 0 ARE A U I b

3%17 T1 U R0 W A L TN , • M 1M WR IAS RONIE
BY TPE R n E T E R7 0 1M T A1 P7 1

1 0 TO ? 12 7 P l 39 3 1.7 T) 1.8 1

2 e I T) 3o 39 TO '5 0 10? TO .;1 130'4 T) 16 91% T1 201 TI]41 71 .4 0)

3 ? TO 17 5? Ti1 127 0 2tfO p.58

39 TI) 127 N T I' 17 0 1,A TIl S.0 .
Ž 1T() S5 17 Ti7 7 3 I1 S T)I 1 .8 3, 0

% 2.8 10 71 1fi TI U 2'- 0 ?.0 TO ?.0 171 TO 100 1?0, I', 12)m ? 2.1 TI, M.8 0

O VL p 100 fvlY P 3?' 0 i1VfI •J.5 u

3.1-21
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BALTIMORE, MARYLAND

Power SpecLra

Spectral Bands: 1. 0 - 3.4 'm
2.0 - 2.6 om

9.3 - 11.7 I'm

#

3.1-22
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•. ~BLACK HILLS, SOUTH DAKOTA

S"' • Pertinent Scene and Flight Information

S~(Date of Flight: 22 July 1969) :

vft I.

114

I
I

mI

-- i

, • Forsp Pertic ic inen Scen hee anddFigh Inormatin daafrtisseey

(DaterofeFligh:R22eJuly 1969

V 
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BLACK HILLS-I Data

Wavelength Bands:

1.0-1.4 jim, 2.0-2.6 jm, 4.5-5.5 im, 8.0-13.5 pm

IFOV: 3.5 mrad (cross-track); 6.6 mrad (in-track)

"Altitude: 1500 ft Depression Angle: 900

Time: 1330 hrs Flight Direction: East

1-1
Ground S2eed: v200 ft-sec

Area Covered (Approx.): 1150 ft wide x 7100 ft long

(1.0-1.4 pm, 2.0-2.6 pm, 4.5-5.5 pm)

1150 ft wide x 7200 ft long
(8.0-13.5 Pm)

Meteorology: Visibility > .5 mi; clear day, dry;

cloud cover 10%

BLACK HILIS-2 Data

Wavelength Bands:

1.0-1.4 im, 1.5-1.8 pm, 2.0-2.6 i'm

1FOV: 3.5 mrad (cross-track); 6.6 mrad (in-track)

Altitude: 1500 ft Depressiun Angle: 900

Time: 1330 hrs Fl_&h-Lt Direction: East

Ground Speed: u200 ft-sec
1

Area Covered (Approx.): 2400 ft wide x 7200 ft long

Meteorology: Visibility > 15 mi; clear day, dry;

cloud cover 10%

- •3.2-2
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1

K]

1.0 -1.4 vim

2.0 - 2.6 wjm

4.5 - 5.5 5m

8.0 - 13.5 pjm

€I

. .LINE SCAN IMACES PRODUCE') FROM TIlE VARIOUS
INFRARED CHANNELS OF BLACK HILLS-i

32

S~3.2-4



1.0 - 1.4 pm

4l..

1.5 - 1.8 pm

2.0 - 2.6 pm

I.

LINKl SCAN IMA(ES PRODUCED FROM THE VARIOUS

iNFRARED CHANNELS OF BLACK HiLLS-2

3.2-5
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BLACK H1LLS, SOUTH D)AKOTA

ffiistograms

Spec~tral Bands: 1.0 - 1.4 urn
1. 5 - 2.8 pim
2.0 - 2.6 pim

4.5 - 5.5 im

8.0 -13.5 p

CI rr)-ý du "i.~ I'~ a~jsjr cxirvr wi i, t I,(. sac m','.ix a~nd staxidard
duevi .1io I r hunIul i tcru All "'S" MII jbmM0t C'urOes i di uatt's

,a LU 'a L 'n1 (1. hu,-Iriue (il I im s oil ziii Lii gs s;ome vai In' ma V CI
-. I'yolxd ti., d[l~it u li Intl, ati I and 2155, OIL. digit;Ii dyll"Irii' VamngQc Of
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BLACK HILLS, SOUTH DAKOTA

Means and Standard Deviations for Spectral Bands

Correlations Between Spectral Bands

-2 -1 -1
Spectral Bands: 1.0 - 1.4 Pm ( -W-cm -sr -p )

1.5 - 1.8 'Pm (NW-cm -2-sr -N-Pm -)

-2 -1 -l
- • 2.0 - 2.6 Lm (NW-cm -sr -Pm-)

4.5 - 5.5 Nm ( 0 K)

8.0 - 13.5 Nm ( 0 K)

t=

The Black Ilills-1 data were collected with an M-5 scanner with thermal
calibraeion plates in part of the scanner field-of-view. The 8.0-13.5 Nim

detector and the 1.0-1.4, 2.0-2.6, 4.5-5.5 pm detectors were on opposite
ends of the scanner and are not in spatial registration. Hence, spectral
correlation coefficients have not been determined between the 8.5-13.5 Nim
data and the 1.0-1.4, 2.0-2.6, or 4.5-5.5 Lim lata.

A

• .3.2-17
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BLACK HILLS-i

Number of Subregions 1 1
Pixel Subarea Divisions at: 1 311

"Line Subarea Divisions at: 10 732

Line Increment Used = 1

Pixel Increment Used = 1

Correlation Channels: 2 (1.0 - 1.4 pm)
4 (2.0 - 2.6 pm)
5 (4.5 - 5.5 pim)

12 (8.0 - 13.5 pm)

Correlation 2 4 5

2 1.000

4 0.505 1.000

5 -0.166 0.498 1.000

Channels 2 4 5 12

Mean 1.7990E+03 1.0556E+02 2.9456E+02 2.9395E+02
i St. Dev. 6.1770E+02 5.5347E+01 2.3389E+00 2.3831E+00

Total Points 224130 224130 224130 425630

3
I

&(

3.2-1I8



BLACK HILLS-2

NI

Number of Subregions 1

Pixel Subarea Divisions at: 1 645

Line Subarea Divisions at: 2 728

Line Increment Used = 1

Pixel Increment Used = I

Correlation Channels: 3 (1.5 - 1.8 rm)

5 (1.0 - 1.4 pm)

7 (2.0 - 2.6 pro)

V _ Correlation 3 5 7

3 1.000

5 0.743 1.000

7 O. 9-8 0.518 1.000

Channels 3 5 7

Mean 4.4721E+02 1.6027E+0.3 9.0510E+01

St. Dev. 1.5485E+02 4.6380E.,•.k? 3.8712E+01

Total Points 46891- 4689'j: 468915

14.[

: 3,2-1.9

I _
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BLACK HILLS, SOUTH DAKOTA

Ellipse Statistics

Spectral Bands: 1.0 - 1.4 Pm
1.5 -1.8 Pm
8.0- 13.5 vm

3.2-21. -- ! ',
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p P 158 P 311
L 732

L 1

AN

o -i
I

U_ I:

• o~

S L IO

1175 ft

Area: BLACK HILLS-I (Wavelength 1.0 - 1.4 pin)

Radiance Thre.nold = Mean + 2.52 o

Mean 1799.05 PW-cm-
2  -I -Ir

Std. Dev. o = 617.70 uW-cm -sr -1 ,m 
-1

EQ-[QIVALENI ILLLIPTICAL ARiOAS

3.2-22

- -



DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ~rAThreshold =Medn + 2.52 o
S~SQUAPE. MOTERS FREQUENCYRWavelength = 1 .0 - 1 .4 poi

Mean = 1799.05 PW-cm 2sr-1m

S11.0 TO 15,0 26 -W-cm-2  -1 -1I
T5,o 70 20.0 23 a 617.70 --sr

20,0 TO 25.0 13
25.0 Tr) 30.0 q
30.0 T I 3'i.0 7

35.0 TO 4.0 8

'4Q.0 TO 45.0 7
4 5.0 T(O 50.0 2

50.0 10 75.0 7
75.0 TO 100.0 a

100.0 TO 15o0. 7

150.n TO _ ?0,0 3
" 200.�0 TO 250.0
?Sn0O T) 300.0
300.0 T() 0 01.0

f)0.0 TO 500.0 0

nvFw 0oo.o 0

-OTAL NU.BER OF ELI,TITLCAIL ARFAS 116

132 FIATOIRFS WIIH ARPAS LESS THANII0,0 SO. wFTERS WERE Al.sO RErOCr,'IZFI)

by PERImETER IIY Z-'APF

METEFS FEET FREQIUENCY SHAPE FACTnR FRFO•')NCY

0 TO 7 0 T L 2 0 0.o T(I 1.0 0

7 TO 10 2? 7. 1 12" 0 1.n TO I.1 0

10 TO 12 3"? TI) 39 0 1.1 T 1|.2 17

12 TI) 14 j 19 T ui ' 0 1*? TIJ 1.3 1b

14 1O n b 16 T 52 (1 1.1 Tin 1 .4
b6 TnI 17 5P 111 15 0 1t, 111 1.5 17

17 TO 20 55 1) h9 186 1,S If) 1 .6 8

20 Ti) 22 r I ," 7? P-1 ih iT) 1,7 I0
22 TO ? 4 7 P 11) 78 0 1,.7 TO) e, 5

"2TO 2h 7A T(1 AS 1i I . T .9 4

26 TO 21 )5 TI) q3 28 '19 TMJ 2.0 ,

" 2) 10 30 '1 I(1 ON 9 ?,n t, ),l (4

30 T1) 32 QA III 10 1 ?I. nQ I'II , L

32 TOr) 14 101• O li 1?7 Q ?,6 TI 2.t, 0

f9 TO 45 127 H() I a7 ? ., 1 3,) 0

445 T n S i Li7 T0 lgO 3 In 11 3.5 1

55 TD 71 ¶6( Ti, ?T? 7 %."4 TI) 0,0 0

71 'Tn 100 ?3? 1), 3;M 9 ,?1 T1O 3,5 7
SVE. 1 t00 nVF R 328 4 IVf H a ' 0

3.2-23

I.



I, P 156 I:311

L 732 A

*~ L371
-!

.~/

L 10
"4--]-175 ft -

Area: BLPAIK HILLS-i (Wavelength 1.0 - 1.4 urm)

RFadiance Thrushold Mean 4 3.00 j

Mean - 1799.(05 pW-cm-?-sr-r1n-m-1SWc-2 s-1 -1

Std. Dev. = 617,70 IA'-crr -sr -nim

LQUIVALLIIT LLLIPTICAL AREAS

• 3.2-7.4

t - - -



.)ERIM

13LACY 1HILLS-i

DISlMdBUIION 0F ILLIPTICAL ARLAS GkLATCFR THAN THANSIOLD

FYARFrA Thefol ean 1 3.00 ti
SWIARI ME T H3 fALflUINY Wavelength 1 .(i - 1 .4 '1pm

Men 179)9.0!) jiW~cm -srl -1m
I Al Ii iS.e G o 617.70 jiW-ciri"-.r -Hi_

20,111 TOp ?%0,

3S.0 Ti0 4(.0 0

750 sol 00~ ~
37 .4 i 1) T1 1) 0.u0

I I1.0 1)(t i5 D(. 1)

i s n io TiP 200.0 I

.I0'I n Ti) V1. 0
30)0 .f ( ( To 0, 0 0
a 0 0 ,1) YT) Vi0. 0 0

i)VFI4 50f0 .0 0

TOTAL, WHIAIi OF ELL,?IPTICAL AIJt;Ag - P

31 3 LAi TIME S wTTH AkFA 3 Lt 415 TIAtiJ 1,00 51). MF TtRS hf 1PI AtO 30 CiIP41J P 0f

P4! TER$ ft C [ FREWiIft- ICY SH~APE P AJThiN turiviit INcy

0 7 f) 7 1)11) ?2 0 ~TlI.1(
7 y 1) 10 ?? 1T; 11' ( 1.0 7(i 1 . I

to TI ) 1? 32 11) it) 0 1. 1I I. K S
1 1') 1'i 3Q 7i) '15 0 1 Y' T I . 5 0

14l 19 to U " TO) 52 l* TI 1,i i

2 T 1 1 7 S? III Ti %S 1) .' 1 1. ',3

20 10 fl 31t-, , 7,) 3 i. ý II I, I
2 T11 ?, 7?P Tri 71 80 1.7 TI, )1 18
4' TO ?b 7 A T 1 1 S 1,11 Ti 1)i

26 'II Ž8 A 1, TI7,. 1, 1'1 Y .; ?
28 7n 9 111 Q pij 0 ) A 1.
30 in, '2 QAIII In 100 1, 1 1' ?.t'*1
32 T'i 3') 1014 11 T 1 ;)7 2 ~ i. ,III e 1
19 () 411 j1,7 Til 1447 1 1i TI- 1, .1
4' L.. TO , 1-) 1,7 Tii 1I1 A ~ D ." TOi J.S
lib TIn 71 P1i) TO1 e ý 0 1, 11 4i ".0 (1
71 1ii 1(10 P Y1 1 T I > ti 0 1. T11 a 5.

OVILP 100 OVFw IP ip Ilvf N /J.

3. 2-25
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r ISOh Pall

L 1314
0

N-1

Ar,:TA:lii - (WivolenriytL U,() - 11 3, )

Tcr 1~r -n ur' K1 I~''I I vdei fl .11

Std. 11e~v. o wA K I vlie

3. 2-?11



ULAUK WULL$-

DIS5181bUT ION U1 LII. II') A! AHLA¶. URI{A1 1.811IAN ' 1RLSI.fiI.1

biy A11 A lbrtstwld 11081rt 4 2.ý VJI

PhiAmt "t If iD I PNtrjo'4 Wolvol vintl * U.0 - I3 &~ )III

Mean ?93.95 KI~iviri
0t. T11 111.0 0

(1 t 1u l 15.0 ().12 u -2.3b8 Kelvin

n'.i Hi (,rNtn 3o

90)1 I's V
.46. 0 1i 3t)f 7I

up,.i~ Ii) T) n0 . r

560 0u . 4

3 0 t.0 If) n -i,I,0 0
bOO.0 10 %A)O0O1

(4)4f R ,o 3

I rAL. 111-l1i Lit 01, ElI,111I iI CA! AV' I -A* L

?9 F PLA IURI 8 w T14 A lif A 5 LI 95 THAN A .0 80. MFJItRS WELFt AL530 ILCJtt IifIlti

fl4 1'(PIMtTLR fly SHAPI

MtIt "n Ff 14 F Q ijtI p:~ Ii~' c Aclu F) kf (4 F NC1 NY

) it1) 7 (1 YIi i 0.nf TI 1 .0 0
1w Is I Vi i0 u10i 1 0

1; 1 14 3q II0 490 If) I I2 II
14 10 16 34 (1i a 0 1. Ti) I'1 lb

It% Pt 7(7 5? it ',gn i.5 37

==?t T 6'i Ii(1 72 0 1.6 li 1. 7 ?

?QTi 2 7?1 7() 7l 175 1.7 vi .020
2" TO ) 7 AIj AS 14 t~lii I .9 12

20 if ) 2(5 1))ii 0 .q III20

2PA In 3 j if) 1 911 1 1 9 7.0 1i (1 .4 S
30 u( I , )i Ti ) 1)4 0 2. U0 26
I. Ti?1 39 tofil1 Th 1' 20 2.1 Ti 6'0

~.39 1) Ii', 1 7 1 If Is 7 ~ 7* 111 3,0
4S "', A tO? Ti)] Atf) 3.()ff 1 .0 0.-

I' Cr ) pit 113 i ( PIP3 It IA '4.0
7 71 70i IOU ?3? In v:MItI 4.5 0

UVl i! 1) Is Ltv t 1 3,1 "t) 14V.H 's 0

3.2-27
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- I IP

1 cIImpra turet lhr'2shold ii Mdrl 4 3, !O

flf,arl -930 Kelviln

EQUiIVIALLIH LI L [I'1 IAL ARLAS
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BLACK HILLSi

DISIRIBUTION OF ELLLIiPICAL AREAS GREATER THAN THRESHOLD

BY ANFA Thlreshold =Mean + 3.50 a

5iiii~HEIFOF itfflhJFNC Y Wive1 enyth =8.0 - 13. 5

Mean 293.95 Kelvin
.0Ti) 10.00

10.f TO ¶S0 2,38 Kelvin

3ontj ;~

Q'. TO "002
"10. 0 TI) "0 1

75. 1 j 0)
50.1 TI) 7o oi

? 0 0

a60o. n To c '400.0

TOTUAL, NIIHOERR OF ELIPrIITICAL, ARM-ýS 2 8f

47l FEATURES WITH $RF`AS LESS5 THAN 8. 00 -9. QMEITERS Wt~f ALSO HFCOnNIIFO

to PERIml' TEO 03' SHAPE

FEER F FET FMEGIJEN4CY SHiAPE f ACTOR FREQUtNC.y

0 TO 7 n 2 0 T, T0 p.0 0
1 0 i) 10 ? If) 3?) U ? i 1

14 TI lb) ft iii 0 1.0 l 1 .4

II 1( 1 9 Tl 9', 70'iT 1 .5

w 0 TO 5? o TO 7? 0 Q. O .
22 7( P0 7 10 7i 3 .IO 7S

in) f( ?i) 70 Ai 931 TO 1. 43

26 1) 28 05 ii 010 14110 0'i

30~~ Ii 3? '()i1(1 0T 2.6 0

32 10l S9 Iu014 Tli 11 7. 3t 1, 0 TO 2.0
'#10 Li' 1( )1 A. 2. TO 3.02

U% j1 9 i7 Tii 1910 3 .0T 3.5 0

551 TO (1 7 1 M10 T) 2?1? 3.5 T] 0 4O 0

711 TO 00 ?3P Tii( 3?Pi0 oI 0 TO .50
0 F. 100 OVER 3)8 F OVR '3.F3 I

3.2-29
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•'1 3 23 P 645

L 728

- 11

0

L3~ 10

2425 ft

Area: BLACK HILLIS-2 (Wave~en~h = B-1.4 ~I'i)
Radiance Threshold = Mean + 2.42 a

Mein 1602.71 vW-cm- -_sr I- 11M

Std. Dev. o =453.80 jW-cm- _ r- 1 -I'm
EQuIVPLNT ELLIPTICAL ARILAS

3. 2-30 
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BLACK HILLS-2

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD
%I

•: BY ARFABARAThreshold = Mean + 2.42 a
SQUARE METERS FREQUENCY Wavelength = .0 - 1.4 jim

-2 -l 1lMean = 1602.71 pW-ce -sr -JIM
11.0 TO 15.0 30 --2 -1 -1
15.0 To 20.0 20 c = 463.80 pW-cm -sr -pm
20.0 TO 25.0 6
25.0 TO 30.0 7
30.0 TO 35.0 6
3S.0 TO c0L0 0,
40.0 TO 5.o 7
05.0 190 90.0 1
7)n.0 TOI 75.0 16
78 .0 TO 100.t' 12

I10.0 TO 150.0
150,0 T') 200.0
200.0 TO) 29,0.0 o
'S, 5. 0 TO 300.0 1

300.0 TO 400.0 t
400.0 TO) 5c. . Y,

OVER 500.0 a

TOTAL NUMBER OF ELLIPTICAL AREAS 143

tk0 FEATURES wITH AREAS LESS THANII.00 50. METERS •FRE ALSO RECOGNIZED

tBY PERIMETER BY SHAPF

HETfR3 FFET FREQIJFEMLY SHAPE FACTOR FHFIJUENCY

4- 0 TO 7 0 T) 22 0 0.) 1o 1.0 0
TI) 10 2? Tit 32 0 1.0 0 1.1 0

10 10 12 S2? I1 39 0 1,1 'II 1.2 ?7
12 TO 14 39 TO ) aS 0 1.? T0 1.3 25
14 TO 1b 14 S 111 52 27 1 .1 Ii' 1 .4 P3
16 TI) 17 5? "i1 55 0 1.4 III 1.S 13
17 TO 20 59 To h65 lb 1. T 1 .6 11

420 TO 2? 65ý II() 7?r 6 1 .6 111 j. 12
22 To ? 4 7? TPn 7R 4 1.7 It I.8 7
e 1 To 26 T78 a1 8 1 .6p 10 1 .9'4
?h TO 2)8 14.18 Tii 0)% 1 1 .9 11) 2.0 '
28 T O 30 91 TI) tM 7 ?(0 T10 2.•4
30 TO) 3e QR TOI 10 6 Q.. 1T) 2.6
12 TO 39 -'04 T1) 17 14 26 10i e2 3

-- 39 TI) a 5 127 Ti) ''7 ' 2?.8 1', S.0 I45 1 (1 55 147 To} I R(1 I1 '.o 3, .1
* ,55 10 71 180 T(I P;2 13 3. ' 1"1 4.0 0

71 TO 100 23? Tii 32 t4 1J.0 Ti) 24.b
OVER 100 fvFP 3?8 ?0 ('VFq 4.s 0

,

S 1



L 10
"•-242b ft

A-

Area: VILACK HIILLS-2 (wavelength= 1 .0 1 1,4 orn) :

Radiance Tnr,ýshold = Mean + 3.29 o•Ma 627 Wc'-rlu"

-2 I'12 1e

i • ~Std. Dev. m o• = 463.80 pJW-cm-2-sr-l-1m'in

J EQUIVALENT ELLIPTICAL. AREAS

"F ~3.2-32
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BLACK HILLS-2

DISTRIBUTION OF ELLIFTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshuld Mean f 3.29 a
SQUIARE HETERS FREQUENCY Wa\ elength = 1.0 - 1 .4 pm

MeQn = 1602.71 pW-cm-2_sr- l- pm-1

1 1.0 To Is. ( I = 463.80 uW-cm-2-sr-I-pm-1
15.0 TIo 20.f, 2
20.0 TO ?5.0 1
Ž5•5.0 TO 30.0 1
3n.0 To 3"5.0 1
3-.0 TO 40.0 0

40.t, TO 'i.o0 2
cj.0 TO ¶sj.0 0

50.0 TO 75.0 2
75,0 TO 100.0 1

100.0 . i 1T h.c0 I
S150.0 TO 200,0 1
?200 .n TO P50.0 0
25o.o To 3no.0 0

SI1H.IO 1 tL 440().)
-•00.0 TO 500,0 0

SOVFR 500.0 0

"OTAI, NUMtBER OF ELLIPTICAL AREAZ 13

6 FEAT1uRES wiT.. &RFAS LESS THANII.00 SQ. -iFTERS WCRE ALSO RFCUGNIZFD

SbY P'WI HULTIR BY SHAPF

HMETFRS F -IT FREQutENCY SHNPE FACTIJR FREQUENCY

0 10 7 n To P2 0 0n, TV( 1.0 0
7 TO) 10 1(? 3T 3? 0 1. 7,T 1.1 0

10 TO 12 3? TI) 19 0 I "rI 1 .2 0
12 TO 1J Vý TiO 4u5 0 1.? TI1 1.3 LI
14 TO lh gje To %2 0 1.1 Tri I.a £4
16 TO 17 T? t0) 95 0 11 TI) 1.5 2
17 TO 20 55 TO 5 3 ,5 TI) 1.6 1
20 Tf 1 21 4 TI1 72 0 , T 70 1.7 0
ZZ= •TO H'A 7? Tg. 7$ 1 .,1 TI ¶M 029 T0') 20 7 7• tI) ,5 1 1," Ti1 1.9 0

?6 TO t 2 A41 TLI QC 0 .Q TI) 2.0 1
28 TO F 0 QI TV) q p$ I,0 T(I ?.a 1
"30 TO ,ce 9$M Iu IOU I ?I I TI 2.6 0
32 T10 39 14a T, I 17 3 .,If T,' P.A 0
"19 In) £15 1?7 T I 04"7 P . T 0 1.0 0
051;557 ¶1 I ~ A TI1 3.,5
5 1TO 71 IHO To .-0 ? 0 C. Ti! 0.n 0
7l 11n lo0 23? TO) lwh 2 aJl .T0 u.S 0P
OVER 100 liVEk 028 0 OvF P 4.5 0
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L 728

- 0

1!0

L 3, CD

Jp1,

L 10I .5°

2425 ft

Area: BLACK HILLS-2 (Wavelength = 1.5 - 1.8 um)

.r4

Radiance Threshold - Mean + 2.82 a
SMean •447.21 vW-cm-2 -sr -1. m"1

Std. Dev. a - 154.85 tjW-cm- 2-sr-l-jjm°l

EQUIVALENT ELLIPTICAL AREAS

3.2-3.4
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~RIM

BLACK HILLS-2

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

bY ARFA Threshold = Mean + 2.82 a

SQUARE METERS FREOUENCY Wavelength = 1.5 - 1.8 pm

Mean = 447.21 pW-cm 2-sr-pm

18.o To ls.o 23 0 = 154.85 pW1-cm02-sr' -pm

15,01TO 20.0

20.0 TO 25.O 1t

25.0 TO 30.0 4

30.0 TI) 3SO 11

.s.n TO 00.O0
4Q00 TO 05.0 1

4S.O TO 50.0 a

S.0 TO 7s5O 19

75.0 To 100.0 11

100.0 TO 10.0 IT

113n.0 TO 200,0 2

200*0 It) 250.0 3

250.0 TO 300.0 1

300.0 TO 400.0 $

000.0 1t) 500.0 1

OVER 500.0 8

TOTAL NUMBER OF ELLIPTICAL AREAS " 135

46 FEATURES wITH AREAS LESS THANtto00 SQ. METERlS WERE ALSn RACI'GNIZF

By PERIMETER 
RY SHAPE

METERS FE.T FREQUENCY SHAPE FACT(1" FRFOIlENCY

o i1 7 0 TrJ 22 
.n0 TO 1,0 0

7 li• 10 2;0 t,1 ,2 0 1.0 TI) I.1 0

tO TO 12 $0 tj 39 o 1.1 T11 1.2 22

12 TO 1 AS 9 I*.l 52 0 1.? TO 1.3 it

14 TO 1 2 2 1. T t.

16 In 17 S2 TO 5s 0 I.S ITo 8.5 86

17 TO 20 Ss IlII S 6 t, 7I) 1.7 14

20 10 22 65 T(f 72 S t*o 1,) t.7 .00

?2 TO 20 7? 10 78 3 1.7 Ti1 1.8 9

20 1" .6 78 In As 1. 1.4 10 4?

26 11) 2 its to) O1 0 ? TO t .0 it
268 T0 $0 'II TI' 0q5PAT)

30 TO 32 08 t1 1I T ,• (14 2.6 3

32 To 39 104 TI 107 10 2.6 TI' PA

39 111 as 127 jVt t'iT 6 ~ I .

51 5 T S 0 TOI A7 10 J.n TIl, 5.5 0

TS T o 232 IsT 4,0 1

7t TO 100 2112 TII 32 1? tin tI.' 4.5 0, ~OVER4 10(, IsF 5•6•5tvF 
~
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042

Arj: BAC HLS- Waelnth 1, ~0l

Raine hphld6en+ .8f

Arcc,: BLA o = 1V.85-2 ,(Wavel2ngt r- I1 i - 1. n)

IQIJIVALENI LIIIPTICAL AREAS
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S~RIM

BLACK HILLS-2

-DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 3.18 a

; U I'AHF ,iEtERO FRE.UENCY Wavelength = 1.5 - 1.8 pm
-2 -1 -1Mean = 447.21 pW-cm -sr -pm

11.0 To 1S,0 a = 154,85 1iW-cm 2 -sr -- pm
• -1.0 TO 20.0 6
20.0 TO ?5.0

25.0 TO 30.0 2
3n.0 TO 35.0 3

3s, TO 0.0 2

4- 0.0 TO 1),;.0 2
m,,.fl T(} 50.0 0
50.0 TO0 75.0 o

1, 7S.0 TO 100.0 2

100.0 I)L 150,0 2

150.0 TO Z00.0 3

t200.0 TO 2 c;0 .0
250.0 TO 30k.0 0

300.0 TO 00 0,0 0
4o0.n TO 500.0 2

OVE R 500.0

TOTAL NUMBER OF ELLIPTICAL AREAS 4 07

31 F.LAIJHES .tITH AREAS LESS THAN1I.O0 Q0. MFTERS WERE ALSO RECUGNIZFDJ

flY PERPIfTER BY SHAPE

METERS FFt I FRE(CIA NCY SHAPE PACTOR FilEmJtA NCY

010 7 0f) 7? 0 0,0 T(I 1.1) .1)

7? TO 10 '? Ti; 3 0 0*0 1;' 1.1

10 "O 12 3? TI; , 0 t. H 1.2
1• TOI lb o5 in g2 b� 1 Tt. ,. 7

16 TO 17 5;) Tn 0 I*'I Ih 3

17 It) 20 55 T1 t.it, TS .V b

?0 1 f 22 kh'l I H 72 0 1 h TH 1.7 3

T2 IT P8 ?• Ill 7B . 1.7 TI) 1.0 3

"20 Tn 26 7A 7i "11 05 AI TIO •Ii 9

2.6 in ?5 b 1, I 1 1 l.Q TiO ?. 01

2IH 10 .10 RI T11 '1) g .,) T(I 2.ff'

30 Tn 32 14MA T;; n 100 Ti ?.t II .1 (

32 TI1) 39 1o0 " To 1?_7 , ?.h, TI1 ?.8 0

iI )• IIJ LI 5 127 71l 1l117 3 21 I t 711 5.0 1

bJ TO 5 147 TI0 1 f, 0 4. (1 '~. 0

55 TO 71 1610 tit 1 I TI) 0. 0 n

71 10 1 'Ir ?J? TIt 3 ;) 4 41,0 TI) US 0

O(VE IR Io iy OvP 328 6 nVFR o,% 0
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Y-ERIM _________________ ___

BLACK HILLS, SOUTH DAKOTA

Power Speotra

Spectral Bands: 1.0 - 1.4 pim
1.5 -].8 im

2.U - 2.6 pim

4.5 - 5.5 itm
8.0 - 13.5 pm
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CAMP A.P. WELL, VIRGINIA]

_-A

Pertinent Scene and Flight Information

(Dates of Flights: 28,29,30 March 1978)

A

_I

3.31
NI

° I
•rI

IoFor specific discussions of these and associated data for this scenery I
, - refer to Reference 5. Note also that in the A.P. Hil.l data approximately

1 0 vehicle targets arc located in the area. In the following statistics
S• most of the features remaining above the highest radiance and temperature

• -L • thresholds are targets.

S~3. 3-1
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ft- "Histograms

4i

Spectral Bands: 2.0 - 2.6 pm
4.5 - 5.5 pin

: 8.0 - 14.0 jim

d o

Circles define a Gaiiqslan curve with the same mean and standard
_ deviation as the actual histogram. An "S" an some curves 4 ndl Les

saturation. Because of limits on gain settings some val'"s may exist
beyond the digital limits of 0 and 255, the digital dynai, c lange of
the dnta processing.
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CAMP A.P. HILL, VIRGINIA

Means and Standard Deviations for Spectral Bands

Correlations Between Spectral Bands

Spectral Bands: Channel 2: 2.0 - 2.6 pm (pW-cm- -arl-m -pIm i

Channel 4: 4,.5 - 5.5 pm ('K)

- Channel 5: 8.0 - 14.0 pm ( 0 K)

Because of the relati.vely small temperature changes in the scenery,
there Is a nearly linear relationship between the temperature and radiance
stuJs•tIcs for the thermal channels. It IF pertinent, therefore, to compute
correlationq between radiance and temperature channels.

4. .3.3-22
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_ STATISTICS UF THE MORNING SCENE

Number oa Subregions = 1

Pixel Subarea Divisions at: 1 855

Line Subarea Divisions at: 1 700

Line IncremenL Used = 1

* Pixel Increment Used 1

-. Correlation Channels: 2 (2.0 - 2.6 pm)
4 (4.5 - 5.5 pim)
5 (8.0 - 14.0 -im)

" "Correlation 2 4 5

2 1.000

4 0.841 1.000

5 0.760 0.905 1.000

Channels 2 5

Mean 5.9364E--01 2.8377E+02 2.8344Fr+02

St. Dev. 2.7030E+01 2.5920E+00 2.3146E+00

Total Points 589260. 589260. 589260.

T 3.3-23
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STATISTICS OF THE AFTERNOON SCENE

Number of Subregions = I

Pixel Subarea Divisions at: 1 855

Line Subarea Divisions at: 1 704

Line Increment Used 1

Pixel Increment Used = 1

Correlation Channels: 2 (2.0 - 2.6 pm)
4 (4.5 - 5.5 pm)
5 (8.0 - 14.0 pm)

Correlation 2 4 5

2 1.000

4 0.782 1.000

5 0.636 0.882 1.000

Channels 2 4 5

Mean 6.2356E+01 2.8569E+02 2.8654E+02

St. Dev. 2.4785E+01 2.2922E+00 .. 7390E+00

Total Points 597800. 597800. 597800.

t
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STATISTICS OF THE EVENING SCENE

Number of Subregions = 1

Pixel Subarea Divisions at: 344 855

Line Subarea Divisions at: 1 700

Line Increwent Used 1

Pixel Increment Used I

Correlation Channels: 4 (4.5 - 5.5 pm)
5 (8.0 - 14.0 pm)

Correlation 4 5I

S4 1.000

5 0.767 1.000

Channels 4 5

Mean 2.8289E+02 2.8116E+02

St. Dev. i.1683E+-00 1.7043E+00

Total Pts. 357700. 357700.

3.3-25 1
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STATISTICS OF THE MIDNIGHT SCENE

humber of Subregions 1

Pixel Subarea Divisions at. 384 895

Line Subarea Divisions at: 1 1000

Line Increment Used 1

Pixel Increment Used I

Correlation Channels: 4 (4.5 - 5.5 mni)
5 (8.0 - 14.0 pjm)

Correlation 4 5

-I 4 1.000

5 0.669 1.000 '-

Channels 4 5

Mean 2.8200E+02 2.7950E+02

St. Dev. 1.2626E+00 1.5362E+00

Total Pts. 504357. 504357.

I3-
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w CAMP A.P. HILL, VIRGINIA

Ellipse Statistics

Spectral Bands: 2.0 - 2.6 pm
4.5 - 5.5 pm

8.0 - 14.0 Pm

f L -

g Target locations (approximately 10) are designated by X's in some
Sof the pictures. Not all targets are necessarily observed. The stress

, •in this backgrounds handbook Is vot on targets, which are considered

r • incidental in this work. Most of the persistent features in the long
= wavelength regions, however, are targets.

'•f 3.3-27
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-a.• .- .*% -

Li

..uW~cm-2 sr-I -I

•--- 

• ~

f L 0

a701

Ooo

L700 
*

1400 ft 
---------.-

Area; Camp A.P. Hill1 (Wavelength 2.0 -2.6 ),m) -Radiance Threshold =Mean + 1 .50 u A
Mean = 59.36 pjW-cmr 2! r - 1i

-2 -1 -1AStd. Dev. o 27.03 jjW-cm -sr -jim

EQUIVALENT ELLIPTICAL AREAS -MORNING
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MORNING
DW~RIBUTIIN OF ELLIPTICAL AREAS GRLAILR THAN 1INFUSfOLD

1-2

0.6 7u 0'I Mean = 19. 36 iiW-cin -sr -urn
15010 10.0 -? -10.0 10 1.. 4 -7.031

2 0 0 To 2 0.0 14( S . -,I

25.0 10 3u.o z
30.0 Tu 3 1j.0 u
3'j -0 T 0 40.0
At 94' TO 05',0o
'45.0 TO 150. 3

1- Q,q I 1 7'1. o '4
7ý,. o Toi 100.0 '4

100. 0 11) 1%0.0 3
I ()(.0D 10 200 .0
200.0 TO PS(I,( 3
?110 .0 TU 36(j.o 1
300.0 tO " 00.0

T 40 0 . )To S)0.0

TOTAL lWN(IV OF~ 1LIPTICAI. ARLA~ 5 bul..

92% FCA TIINL8 417Hi AjiFAS LIESS THAN 0.4.0 So. MCIT R58 WLI4L AL50 HLUMAI ZIrU

Il'LL TI `14*FHUUMLY DoAPC 9ACT3H fHI jf~oci~lY

0 109 7 0 TO0 22 3) o(1 01.0
7 TO 10 0 i 12 9f, .0 TO 1 1,1 0

10 TO iý 3? 111 19 94? 1.1 11) 1.2 Ito
-J12 to IN 39 it) '4 Li it)1 1.1 Il

14 10 16 'li So 11) .4(3 0IAl

16 10) Ii ¶ 19 14 1.4 TO I , t h
?o T10 ?e 4)'. To 7? I1.6 T11 1 .7 L
2219) 24 7?1( 1(1 7fi 1.7 it) I , t 4 11
?'4 To ?6 781 Tu 81. 7 (,A11 1. v9 I1
26 ITo ?o 415 mt to I a 1( .4 e0 10f1 10 30 '91 1() 98 41 .0 11) 2.44 7930 71) 32 z 07o 104 10 P ~' TI'0
32 1 u 39 104 T 1 127 9 ?6 10 b I
39 T0 '4% 127 T 0 147 1 ItI .1) TO .0 Ih
4 ' 10 1143 147 To U IAQ if o.t 70 1) l

55 1 o 71 180 710 ?3? 14 V)' 40 "0 II
I )100 ?32 To 3 2 U1 0 t .rO /4 .

-- A~
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Ll

saws

C-+

SL700

i • 1400 ft

SArea: Camp A.P. Hill (Wavelength =2.0 -2.6 um)

•; ~Radiance Threshold = Mean + 2.50
;• Mean = 59.36 vW-cm'2-sr'_VIMl

.24

S~Std. Dev. = =27.03 pW-cm'2-sr'l-jim

;'EQUIVALENT ELLIPTICAL AREAS-MORNING
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MORNING
DISTRIBUTION OF ELLIPTICAL AREAS UREATER THAN THRESHOLD

4Y APF1 Threshold = Mean + 2.50 a
SQUARE MFTFRS FrEfe~ttNCY Wavelength 2.0 - 2.6 pm

. T117 Mean = 59.16 PW-cm 2 sr-1 -m-1n;T]5.0 r ~-r -r

.I o = 27.03 pW-cm - sr-lm-
15.0 To ?1. i p
20.0 Ti) P).u 0
250 TI) 11.0 130.n 1U 35i.0 n

4 0.0 Tti 41%,0 n
4L;~. 0 Yij so.01

51),0 T v ,

10}.,4 lot I"() . C(
150.0 TOl 20. 0 0
200.0l Ti.O 2%N.u 0
251). 0 To' 300.0 0
'O0-.0 TO 400.1i) P
uun.n TO 5nc,. o 0

IIrF % A," n;1 . o) 1.

TOTAL NUMMElR OF ELLIPTICAL A1P.AS W 37

211 FEATURE'S ,TTH AR.AS LESS T-AN °.hO SO. MrTER3 "•EE ALSI) fCONIMZf)

13Y PF:QIMýTFq my 11"l.,. 97F

METERSF FFEF F RFINIENCY SHAPE IACTO(I P FFUI)EINCY

0 TI) 7 O.TO ?e 74 A.0 TO) 1.0 0
7 T0 to 22 Tit 32 23 1.0 T7L I.1 ,

10 r1) 12 3? T:I 39 7 '.1 T .1.?
12 Til 1' 39 To /45 8 P*• TO 1.I
111 TO 16 435 TO 92 % I. Ie DI
16 TO 11 S2 791 s 5 ? .*' TO) 1.5
17 TO po 5 TO fisI I .5 tu I. i
20 TI ?2 he; Tif 72& 3 1.4 To 1.7 2
22 to "Q 7? TOl 78 3 1.7 TO 1.,e 13
?1 10i 26 7 A TO As 2 1 .8 TO 1.9 7?b Ti ?8 115 Tit ) "1 1.9 TU P.0
28 To 30 91 TO 014 t P0 TU .11
30 to 3e ')1 Tfi 1n,; 1 ,a TU 2.h 4
32 It) 39 I9 U TO) 127 2 ?'. IS, Ti) .1 4
39 Tfl Iia, 127 Tn' 1 'I ? I ?.A TFO 3.0 1
45 lrJ 55 1'7 TO jnu 1 3.0 TO 3.5 I
55 T11 I1 180 Ti, 212 I 71.) 4' .0 071 TOi 10t 23? TO 3Ph 0 U.0 TO 4.5 1

OVER 100 1l7F 8 "A'1 1 flV!E '.5 0

3.3-31
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Ll

%

00 N vf t

4=P

L700

S~~1400 ft .

Area: Camp A.P. Hill (Wavelength =4.5 - 5.5 um)

Te,niperature Threshold = Mean + 2.50
Si Mean = 283.77 Kelvin

Std. Dev. = 2.59 Kelvin

EQUIVALENT ELLIPTICAL AREAS MORNING

S~3.3-32
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MORNING

DISTRIBUTIONS OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 2.50 a
SOUARE METERS FREOUFNCY Wavelength = 4.5 - 5.5 um

006 TO 5.0 ?67 Mean = 283.77 Kelvin5.0 TO 10.0 so
10.0 To 150 t = 2.59 Kelvin
15.O To ?0,0 to
20.0 TO 25.0 7
25.0 TO 30.0 3
30.0 TO 35.0 2
35.0 TO 40.0 3
4o0o 7O 4b.0 2
45.o TO 50.0 3
50.0 TO 75.0 3
V"10 Tu 100.0 2

M00,0 TO 150.0 2
150.0 TO 200.0 0
200.0 TO 250.0 0
250.0 TO 300.0 0
300.0 TO "00.0 0
400.0 TO 500.0 0

OVER 500.0 0

TOTAL WMZER OF ELLIPTICAL ARFAS - 372

205 FVA URES WITH'...AREAS LESS THAN 0,60 SO. METERS WERE ALSO RECOGNIZED

BY PFRIMETER BY SHAPE

METFHS FEET FREQUENCY SHAPE FACTOR FREOUENCY

0 1O 7 0 TO 22 165 0.0 TO 1.0 07 TO 10 22 TO 32 50 1.0 TO 211 0
10 TO 12 32 TO 39 28 Iot TO 1.2 17
12 TO 24 39 TO 45 27 1.2 TO 1.3 17
14 10 16 45 To 52 9 2.3 TO 1.4 80
16 TO 17 52 TO 55 6 2,4 TO i.s 4917 TO 20 b5 TO 65 23 2.5 TO 1.6 P7
20 TO 22 65 TO 72 6 1,6 TO 1.7 39
22 TO 24 72 To 78 5 1.7 T0 1.8 3124 TO 26 78 TO 8s 8 1.8 TO 1.9 ?4
26 10 28 85 TO 91 6 1.9 TO 2.0 1928 TO 30 91 To 98 2 P.0 TO 2.4 36
30 TO 32 98 TO 104 2 2.4 TO 2.6 9
32 To 39 104 TO 127 8 ?.6 TO 2.8 539 TO 45 127 TO 347 9 ?.8 TO 3.0 5
45 TO ss 147 TO 180 2 3.0 To 3.5 N

5 11) 71 10 TO 232 4 3.5 T' 1.0 3
71 10 200 Z32 10 3?8 6 4.0 1U 's.5

OVER 100 OvER 328 6 oVER 4,5 s

3.3-33
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L1
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%%

L700

• o~

St.Dv .5 Kelvi

• ~0 **

-0 •

EQU N EA A

0

L_700 o

S~1400 ft

Area: Camp A.P. Hill (Wavelength = 4.5 - 5.5 pm)

Temperature Threshold = Mean + 3.00 a

t lean = 233.77 Kelvin
Std. Dev. = a = 2.59 Kelvin

EQUIVALENT ELLIPTICAL AREAS - MORNING
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MORNING

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY A&EA Threshold = Mean + 3.00 a
SUUARE METERS FREQUENCY Wavelength = 4.5 - 5.5 um

0.6 10 S.o 174 Mean = 283.77 Kelvin
S5O TO 10.0 22

10.0 TO 15.0 8 0 = 2.59 Kelvin
15.0 TO '.20.0 3
20.0 TO 25.0 2
25,0 TO 30.0 2
30.0 To 3%.o 0
35.0 TO 40,0 0
4010 To 45.0 0
45.0 TO 50.0 0
50,0 T 0 7 9.0 0
75.0 TO 100.0 0

100.0 TO 150,0 0
150.n TO 200,0 0
200.0 TO 250.0 0
250,0 TO 300.0 0
300.0 TO 400.0 0
40000 TO 500,0 0

OVER 500.0 0

TOTAL NUMBER OF ELLIPTICAL. AREAS - 212

131 FE.TTURES WITH AREAS LESS THAN 0.60 0, METERS WERE L.SO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREUUENCY

0 Tn 7 0 20 22 101 0,0 1U 1.0 0
7 TO t0 22 70 12 44 1.0 TO 1l. 0

10 To 12 32 TO 19 14 l1o TO 1.2 9
12 TO 24 39 TO 45 8 1.2 TO 1.3 a
14 TO 16 4% TO 52 it 1.3 TO 1,4 42
16-10 17 5? 71i 55 1 1.4 TO 1,5 28
17 10 20 55 ToE 65 10 2o5 TO 1.6 24
20 Tn 22 65 TO 72 b 1.6 TO 1.7 29
22 TO 24 72 TIl 78 4 1.7 TO 1.8 18
24 TO 26 78 To AS 0 1.0 TO 1.9 17
26 TO 28 as TO 91 2 1.9 TO 2,0 It
28 TO 30 91 TO 98 3 2.0 TIO 2,o4 2
30 i1 32 98 TIO 204 2 2,4 TO 2,b 3
32 T0 39 104 T 12?? 3 2.6 10 2.8 0
39 In 45 127 TO 147 1 ?.8 to 3.0 0
45 TO 55 147 TO 2g0 1 3.0 TO 3,5 1
55 Tn 71 180 TO 232 0 3.5 TO 4,0 0
71 0 200 232 TO 328 0 4,0 TO 4,5 0

uVER 200 OVER 328 0 OVER '.s 0

"3.3-35
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%%
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S0

L700
S1 4 0 0 f t - --

Area: Camp A.P. HiII (Wavelength S 0 - 14.0 jim)

i lTemperatut, ý hreshold = Mean + 2.50 o•

S~ Mean = 283.44 Kelvin

Std. Dev. o = 2.31 Kelvin

' • ELI.IVAI.INT ELI IPTICAL AREAS -MORNING
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MORNING ]
DiSTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD ]

BlY RFrA Threshold = Mean + 2.50 u
__ SQUARE METERS FREQUENCY Wavelength = 8.0 - 14.0 pm

0.6 TO 5.0 319 Mean = 263.44 Kelvin
5.0 10 20.0 59

10.0 10 u 5,o 1 i 2.31 Kelvin
15 ..0 TO ?0.0 14S20.0 ou a5.o 5

9 .0 Ta 30.0 3
30.0 To 35. 4
15.0 1O oo0.0 040 .o0 TO Q5.0 4
4S.0 T0 ;().
50.0 TO 75.0 4
75.0 TO 100.0 2

100.0 T0 iso0.
150.0 TI) 200.0 0
?00.0 10 2500, 0
253.0 T1) 300.0 0
300.0 TI 0 00. r 0
4400,0 TO 5f00.0 0

OVER 500.0 0

TOTAL NUMBER OF ELLIFT1CAL AREAS - 129

III FLEAURES WITH AREAS LESS THAN 0.60 30. METERS WERE ALSO RECOGNIZED

BY PLHIMETER BY SHAPE

ME METERS FEET FRE•UlNCY SHAPE F ACT(JR FREQUENCY

0 TO 7 0 i0 22 198 0,0 To 1.0 0
7 TO 10 22 To) 12 s 1.0 TU 1.1 0

10 T0 1 32 1o 39 29 1 .1 TO 1.2 18
12 TO 14 39 TU 445 30 1.2 TO 1.3 35
1,di V 16 45 TO 5z 18 1.3 TO 1.4 76
16 101 17 5? To 555 1.4 TO 1.5 so17 0 f 20 5% 10 615 1.5 TO 1.6 29
20 Ti 22 65 TO 72 15 1.6 TO 1.7 47
22 10 24 7 ? TO 78 7 1.7 TOU 1. B.7

S20 TO 26) 70 TO a 86 6 1.8 10U 3 .9
2 b TO 16 b 5 10o 91 5 ,.9 T0 2,0 2026 10) 30 91 TO 9d 6 2.0 TO 2.,4 35
30 in $? 48 TO 1)4 4 2.' T0 2,b 15
32 to 39 104 101 127 10 2.6 1(1 2,8 a

* 39 10 45 1W7 TO 147 5 2.8 OL 3,0 6
45 10 55 217 10 180 0 3.0 TO 3.5 0EP STo 71 180 71) 212 6 1.5 TO (1,0
71 TO 1o0 23? 10 32p0 1 4,0 TO 4.5 5K.. OVER 100 OVFR 328 0 F.' R 4, I

.. • 3.3*37
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P1 P428 P855

Li

* 0

---l

S a

£k70

I2,

a1?. ki C

L700 1400 ft

Area: Camp A.P. Hill (Wavelength 8.0 - 14.0 tim)

Temperature Threshold = Mean + 3.00 u

Mean = 283.44 Kelvin

Std. Dev. a = 2.31 Kelvin

EQUIVALENT ELLIPTICAL AREAS - MORNING

3.3-38



L.= E I
MORNING

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

blY ARFA Threshold : Man + 3.00 u
SWUARE METEHS FREQUENCY Wavelength = 8.0 - 14.0 pm

"0.6 TO 5,0 214 Mean = 283.44 Kelvin
5.0 IL0 10'0o ~

1o.0 IQ I9.0 ' a = 2.31 Kelvin
1,5.0 TO1 20.0 LI
20.0 To 25.0 0
2i•. Tt) 30.0 1
30.0 TO ss.o 0
3r, 0 TO '40.0 0
'40.0 1 u Q'i .0 0
""• .0 Tj 'o.0 0
50.0 To 7S.0 0
75.0 TO 100.0 0

100.0 It) 150o.0 0
150.0 T0 -00.o 0
200.0 TO 250.0 0
250.0 To 300.0 0
300.0 o 400.0 0
4VO.0 To 500.0 0

.j •OVER boo,() 0

-"TUAL NLNiBER OF FLLIFTICAL A-F.AS 238 1
229 FEATURES WITH AREAS LE-jS THAN 0,60 50. METERS WERE ALSO RECOGNIZE) A

BY PERIMETER ''HY SHAPE

METERS FEET FREQUENCY SHAPE FACTORl FREOUENCY

0 TO 7 0 TO 22 1 l1 0,0 TO 1.0 0
I Tn 10 22 TO 32 '43 1.0 TO 1.1 0

10 TO 12 32 TO 39 1? 1. TO 1.2 to
12 t0 1' 39 To 45 Ii 1,2 TO 1,3 26 ]
14 TO 16 4c) TO Se 5 t.3 TO 1.4 58

1' 16 TO 17 52 TO 5 4 1.11 1T 1.5 3b17 T1 20 5S TO 65 6 1.5 TO 1.6 20

In 20 10 22 b5 TOJ 72 14 1.6 To 1.7 31
[ 22 10 24 72 TO 78 1 1.7 101 . 8 1.'

24 10 26 78 TO 85 3 1.8 TO 1.9 626 TO 28 85 To 91 1 Iq To 2.0 9
28 TO 30 91 1T q8 1 2.0 10 2.4 15
30 10t 32 q9 TO 104 2 2.0 TO 2.6 b
32 TO 39 104 TO 127 0 P.6 TO 2.,8 1

f 39 '0 4 ' 127 tt) 147 2 ?.A 1U 3,0 e
415 110 55 147 TO 160 2 *.0 TU S.95 1
55 to 71 180 in 242 0 3,9 TO 4,0 0
71 TO 100 232 7O 328 0 '4.0 TO 1.5 o

OVL R 100 OVER 32• 0 OVEJR 145 0I

It 4.
3.3-39 -



P1 P428 P855
Li :

- 1

CD

,,,0 .-,o 00

L704 -2I -1 -4,

3.31400 ft -

Area: Camp A.P. Hill (Wavelength = 2.0 - 2.6 jim)

Radiance Threshold Mean + 2.00 Men=6.6c-m2s--mI-

Men= 236j W-cm -2_rIm -

SStd. Dev. a = 24.79 jW c 2 -r ~ -

!•, ! EQUIVALENT ELLIPTICAL AREAS - AFTERNOON :

S• ~3.3-40 -



i.

AFTERNOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

SBY AREA Threshold Mean + 2.00 c

SQUARE METERS FREQUENCY Wavelength : 2.0 - 2.6 min

o.6 TO 5.0 237 Mean = 62.36 p1W-cm -sr -pI
5.0 TO 10.0 2s -2_ -1- -l
10.0 T 5 = 24.79 pW-cm -; r n
15.0 TO 20.0 7
20.0 TO 25.0
25.0 TO 30.0 2
30.0 TO 35.0 2
35.0 To 40.0 4

1" 40.0 TO 45.0 2

45,0 TO 50.0 1
50.0 TO 75.0
75.0 TO 100.0 2

100.0 TO 150.0 2S • so.o TO 200,0 1
S• •200.0 TO 29OO I250.0 TO 300,0 1

300.0 TO 400.0 2
400.0 TO 500.0 1

OVER 500.0 0

TOTAL•,HMBER OF ELLIPTICAL AREAS 308

541 FEATURES WITH AREAS LESS THAN 0,60 50, METERS WERE ALSO RECOGNIZEO

BY PERIHLTER BY SHAPE

r METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 158 0.0 TO 1.0 1
7 T0 10 22 TO 32 42 1.0 TO 1.1 0

10 10 12 32 TO 39 20 1.1 TO t.2 2

12 TO 14 3q TO us to 1.2 TO 1.3 8
14 1T 16 45 TO 52 10 1.3 TO 1.0 61
16 TO 17 52 TO 55 2 1.4 TO 1.5 35
17 TO 20 55 TO 65 6 1.5 To 1.6 20
20 TO 22 65 TO 72 6 1,6 TO 1.7 40
22 1n 24 72 TO 78 2 1.7 TO 1.8 29

24 10 26 78 TO 85 5 1.8 TO ,.9 12
? b TO 28 65 TO 91 1 1.9 TO 2.0 16
28 10 30 91 TO 98 4 2.0 TO 2.4 34

-30 10 32 98 To 104 2 2.4 TO 2.6 7
3z TO 39 104 TO 127 5 P.6 TO 2,8 8

39 TO 45 127 TO 147 3 2,8 TO 3.0 C
4 65 TO 55 147 TO 180 7 3.0 TO 3.5 9

55 TO 71 180 TO 232 5 3.5 TO 4.0 3
71 10 100 232 TO 3268 6 .0 TO 4.5 5

OVER 100 OVFR 328 14 OVER 4.5 10

3.3-41
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P1 P428 P855

Li I

Q a,

0

00

I

1406 ft

Area: Camp A.P. Hill (Wavelength = 2.0 2.6 jim)

Radiance Threshold = Mean + 3.00 o

Mean = 62.36 j 1W-cm 2-sr -lP-m' • •W~~cm-2_rI -
Std. Dev. = a = 24.79 IiW-c-nmsr M
EQUIVALENT ELLIPTICAL AREAS - AFTERNOON

"3,3-42



AFTERNOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean +3.00 u

SQUARE METERS FREQUENCY Wavelength = 2.0 2.6 pm

"0.6 ro S.o 30 Mean = 62.36 W-c s--l-
5o. TO 10.0 3 -2 -1 -110.0 70 15.0 I a = 24.79 pW-cm -sr -nmI

25,0 10 30.0 2
20,0 TO 35.0 0
35.0 10 40.0 0
I0.0 10 35.0 0 I

735.0 TO 30.0 0
10.0 TO 25.0 0

2.0 o0 7%,0 0
S25.0 TO 300.0 0

300.0 TO 400.0 1
150.0 TO 200.0 0
20 VER 50.0 0

T250L 0 T O 300.0 0

S400.0 TO Soo.0. 0SOVER 5n0 .,0 0

TYOTAL NUMBER, OF ELLIPTICAL ARW -A 9.3

83 FEATURES WITH AREAS LESS THAN 0.60 89, METERS WERE ALSO RECOGNIZED

Of PERIMETER BY SHAPE

-HCTERS FZET FREQUENCY SHAPE FACTOR FREQUEENCY

0 T1( 7 0 TO 22 22 0,0 TO 1,0 0
7 TO t0 22 TO 32 5 1.0 TO 1.1 0

10 Tu 12 32 TO 39 3 '1 TO 3.2 0
12 10 14 39 TO 45 1.2 10 .13 0
14 TO 16 .45 To 52 2 1.3 TO 1.4 9
16 10 17 52 TO 55 2 1.4 TO 1.5 6
17 TO 20 55 TO 65 1 1,5 TLJ 1.6 2
20 T7, 22 65 TO 72 0 1.6 TO 1,7 a
2Z TO 24 72 TO 78 0 1.7 TO Iaf 3
24 TO 26 78 TD 85 0 1,8 TO 1.9 2
26 To 28 05 TO0 92 0 1,9 TO 2.0 3
28 TO 30 93 TO g8 0 2.0 TO 2.4 5
30 TO 32 90 TO 04 0 2.4 TO 2.6 0r 32 TO 39 104 TO 127 0 2.6 TO 2.8 3

A 39 TO '5 127 TO 147 1 ?.8 TO 3.0 2
45 TO 55 147 TO 180 1 3.0 TO 3.5 1
55 TO 71 180 TO 232 1 3,5 TO 4.,0
71 TO 100 232 TO 3p6 a1.0 10 4.5 0

[, UVLR 100 OVER 328 0 OVER 4.5 0

3.3-43
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• 0 0 so .0

a,..* '&V A

411
* 0

J. ft~

L704

1400 ft "--

Area: Camp A.P. Hill (Wavelength 4.5 - 5.5 Hjm)

lemperature Threshold = Mean + 2.50 u,

Mean 2 285.69 Kelvin

Std. Dev. = 2.29 Kelvin

EQUIVALENT ELLIPTICAL AREAS - AFTERNOON

3.3-44

&.



', RIM

AFTERNOON

DISTRIBUTTON OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 2.50 a
SQUARE METEPS FREOUJLNCY Wavelength = 4.5 - 5.5 um

0.6 TO s.0 222 Mean z 285.69 Kelvin
500 TO 810. 33

10.0 TO 1S.O II = 2.29 Kelvin
15.0 TO 0600 4
20.0 TO 25.O 5
25.0 TO 30.0 5
30o0 TO 35,0 0
35.0 TO 4000 1
40.0' TO 45.0 1
45.,0 TO Soo I
SO5O TO 75,O 3
75.0 TO 100.0 1

1t)00 TO 15000 0
150.0 TO 200.00 0
200.0 TO 250,0 0
250.0 TO 300,0 0
300.0 To 40000 0
400,0 T(i 500,0 0

rVER 50000 0

S- TOTAL NUMBER OF ELLIPTICAL AREAS -. 287

199 FEATURES WITH AREAS LESS THAN 0,60 80, METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE.

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 136 0.0 TO 1.0 0
7 TO to 22 TO 32 44 1.0 TO 1.1 0

so TO 12 32 TO 39 30 1,1 TO 1,2 21
S12TO 14 39 TO 45 9 1,2 TO ,3 22

S14 TO 16 45 TO 52 14 1,3 TO 1.4 57
16 TO 17 S2 TO S 4 1,4 TO 1.S 38
17 TO 20 S5 TO 65 13 1S TO lob 27
20 7n 22 6S TO 72 4 o6 to 1.7 2722 TO 24 72 TO 78 4 1,7 TO 1,8 22
24 TO 26 76 TO A5 0 I'S TO 1,9 23
2b TO 28 65 TO 91 6 1,9 TO 2,0 12++ 26 TO 30 91q TO 96 2 2.0 TO 2.4 17

30 TO 32 08 TO 104 3 2,4 TO 2,6 II
32 TO 39 104 TO 127 3 2,6 TO 2o6 4
39 TO 45 127.TO 147 4 2,8 TO 3,0 I
45 TO ss 147 TO 180 1 3,0 TO 3,5 I
55 TG 71 180 TO 232 3 305 TO 4.0 3
71 TO 100 232 TO 326 3 1,0 TO 4,5 1

OVER 100 OVFR 328 2 OVER 4,5 0

3.3-45
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P1 P428 P855
Li

eQ

L704

1 1400 ft

Area: Camp A.P. Hill (Wavelength = 4.5 - 5.5 um)

Temperature Threshold = Mean + 3.50 a

Mean = 285.69 Kelvin

Std. Dev. = a = 2.29 Kelvin

EQUIVALENT ELLIPTICAL AREAS- AFTERNOON

3.3-46



4'ERIM

AFTERNOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 3.50 a
SQUARE METERS FREQUENCY Wavelength = 4.5 - 5.5 pm

0,6 To S.0 3S Mean = 285.69 Kelvin
So TO 10.0 210.0 TO IsO 0 2.29 Kelvin

1550 TO 20.0 1
20o0 TO 25.0 1
25,0 TO 30.0 0
30.0 TO 35.0 0
3S.0 TO 40.0 0
£0.0 TO 45,0 0
4SO TO 50.0 0
so5o TO 75.0 0
75.0 To 100.0 0

100.0 TO 1so.O 0
Iso.O T0 200.0 0
200.0 Tto 250,0 0
250.0 TO 300,0 0
300.0 TO 400.0 0
400,0 TO 500.0 0

OVER S00.0 0

"TOTAL NUMBER OF ELLIPTICAL AREAS - 39

28 FEATURES WITH AREAS LESS THAN 0,60 SO. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 22 0,0 TO 1.0 0
7 TO 10 22 To 32 5 1.0 TO ,11 0

10 TO 12 32 To 39 6 I. TO .2 3
12 TO 14 39 TO 4S 1 1,2 TO 1,3 6
14 TO 16 45 TO 42 2 1.3 TO 1.4 9
16 TO 17 52 TO 55 0 1,4 TO I's 517 TO 20 5s Tn 65 0 i15 TO lo6 6
20 TO 22 65 TO 72 0 16 TO ,17 2
22 TO 24 72 TO 78 5 1,7 TO 5.8 2
24 TO 26 78 TO RS 0 I'e T0 1,9 0
26 Tn 20 S5 TO 91 0 1,9 T0 2,0 0
28 TO 30 91 T0 98 0 2.0 TO 2.4 4
30 in 32 98 TO 104 0 2,4 TO 2.6 1
32 TO 39 104 TO 127 0 2.6 TO 2,8 0
39 10 45 127 TO 147 2 2.6 TO 3.0 1
45 70 55 147 TO 180 0 3,0 TO 3,5 0
SS TO 71 180 TO 232 0 I's TO 4,0 0
71TOn 100 232 TO 326 0 4,0 TO 4,5 0

OV(R 500 OVtN 328 0 OVER 4,5 0

3.3-47
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Li

"q" 0 " " "is 00• *.A; .o,:

S 4. , - *o.,

0 0'e e o

L704 a

" ~1400 ft

Area: Camp A.P. Hill (Wavelength =8.0 - 14.0 um)

Temperature Threshold = Mean + 2.50

Mean = 286.54 Kelvin

: ~Std. Dev. =a=2.74 Kelvin
EQUIVALENT ELLIPTICAL AREAS AFTERNOON

,- • 3.3-48



LERIM

AFTERNOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 2.50 a
SOUARE METERS FREQUENCY Wavelength = 8.0 - 14.0 jm

0,6 TO 5.0 339 Mean = 286.54 Kelvin
5.0 TO 10,0 so

10o0 To 15,o to a = 2.74 Kelvin1s.O TO 20.0 5
20.0 TO 25,0 3
25M0 TO 30,0 3
30.0 TO 35.0 3
35.0 TO 40.0 2
40,'0 TO 4S,0 0
45,0 TO Soo 0
50.0 TO 75.0 S
75,0 TO 100.0 1

10010 to 150.0 0
15000 TO 200,0 0
200.0 TO 250.0 0
250.0 TO 300.0 0
300.0 TO 400,0 0
400.0 TO 500.0 0

OVER 500.0 0

TOTAL .UMER OF ELLIPTICAL AREkS - 421

342 FEATURES WITH AREAS LESS THAN 0.60 S0, METERS WERE ALSO'RECOGN|ZEO

BY PERIMETER BY SHAPE,

METERS FEET FREGUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 21? 0.0 TO 1.0 0
7 10 10 22 TO 32 64 1,0 TO 1.1 0

10 To 12. 32 TO 39 38 1.t To 1,2 22
12 10 14 39 TO 45 21 1.2 TO 3,3 39
14 Tr) lb 4S it) 2 14 1,3 To 1.4 ?9

0b TO 17 52 To 55 S 14 TO 1,5 69
17 10 20 55 TO 65 13 I,5 TO 1,6 46
20 T0 22 65 TO 72 9 1,6 TO 1,7 46
22 10 24 72 TO 78 S 1.7 TO 1.8 19
24 TO 26 76 TO a5 a 1.8 TO 1,9 16
26 TO 28 85 TO 91 3 1.9 TO 2.0 14
26 TO 30 91 TO 96 3 2.0 TO 2,4 41
30 TO 32 96 TO t04 3 2.4 TO 2.6 11
32 TO 39 104 TO 127 4 2,6 10 2,6 4
39 To 45 127 10 14? 4 2.8 10 3.0 2
45 TO 55 147 TO 180 I 3.0 TO 3,5 a
55 10 is 160 TO 232 3 3,5 TO 4,0 1
7t TO 100 232 TO 326 6 4,0 TO 4,5 z

OVER 100 OVER 328 2 OVER 4,5 0

3.3-49
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Li 
k

I 'I

L704..

S1400 f t

Area: Camp A.P. Hill (Wavelength 8.0 - 14.0 1-m)

Temperature Threshold = Mean + 3.00a

; Mean =286.54 Kel'vin

.• ~Std. Dev. = =2.74 Kelvin

EQUIVALENT ELLIPTICAL AREAS -AFTERNOON

S~3.3-50
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iI

'n5

AFTERNOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER [HAN THRESHOLD

BY •RFA Threshold = Mean 4 3.0 o

S3UARE METEH8 FREoUENCY Wavelength '=.0 - 14.0 inm

0.6 TO 5.0 16s Mean = 286.54 Kelvin
S.0 70 10.0 9
10.0 10 15.0 4 o = 2.74 Kelvin
15.0 TO 20.3
20.0 TO 25.0 2
25.0 .0 30.0 1

S •30.0 TO 35.0 0

35.0 71) 40.0
J0O.0 TO 0S°0 t
40.0 TO 150,0 0
p0 . TO 75.0 t
7i.0 TO 100.0 0

100.0 TO 1 i0 0
150.0 TO 200,0 0
?Of0.0 TO 2S0.0 0
2',0.0 TO 300.0 C

r0o.o TO 000.0 0
-400,0 TO 500.0 0

T[OVLAL HUMBER OF E.LLIPTICAL AREAS - Id5

167 FLAWURE8 W17H AREAS LESS THAN 0.60 30. METER SWLRE AL30 RECCGNIZED

- By PERIMFTE.R OY SHAPF

MIl lH FFET FREQOUENCY SHAPE FACTUP FR QIOE.NCY

0 TO 7 0 TO f2 109 0.0 TO 1,0 0
7 10 10 22 71T 3 35 1.0 To 1.1 0

10 TO Iz 3? 10 69 12 1. TO 1.2 6
112 TO 14 Vp TO 45 I ? TO 1 .I in I

-4 10 16 4S TO it? 3 1 To 10 4 so
16 TO0 17 51 1(1 55 1 ? u 10 1T '. 37
S17 TO ?o 12, TI 65 4 7,8 TO 1,6 13
? 0 TO 2 61S7 1 72 a 1.6 10 1.7 15

S2 to 24 12 TiO 78 2 1.7 TO 1I,' 0S24 10 26 g7A To 0 1, To 1.9 6
2• 6 1, AS 711 91l l 1,4 TO 2.0

2 170 )0 elI TO q?8 1 ,0 To 2.4 I -
3V ,0 1i 0 3 O 9 v70 3fi I P,4 TO Z ,6 3

S ,2 T0 39 104 I 1 3 ,,.6 TO 2.8
S9 TO • W7 T• Q 1117 o ?.a TO 3.0
1 11) T 5 t I o7 1l o 1 o 2 3,0 To 5,.5 ,
15 1 c' 71 tl• 130 1) H W 1 3,5'srTO •.0 0

J 71 11) 100o M TO) 3?0S 1 4. To LI'S (I
S(JVt[ A o 100f 0V 328 0 ()Yfa R 45 0



P344 P600 P855

LI

C3. b c

'10
.~ .; 0

00

b2b

L 7 U- 600 ft,

Arrjia Cam~p A.P. Hill (WavelengJth =4Iý S- 6. m)

Temperature Threshold = Mean 4 2,00 u

Mean 282.89 K~elvini

Std. Dev. 1 117 Kelvin

EQUIVPI [NT IFLLIP1ICAL. AREAS -EV114NG



MRIM

EVENING

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 2.00 o

SUUARE 9ETLRS FREOUENCY Wavelength = 4.5 - 5.5 pm
0 0.6 TO 5.0 '11 Mean = 282.89 Kelvin
5.o To 10.0 39
10.0 TO 15.0 10 a 1.17 Kelvin
15.0 TO ?0.0 2
20.0 TO0 25.0 3
25.0 TO 30.0 2
30.0 TO 35.0 0
35.n To 410.0 I

J1 0i .0 TO '4,.0
A-U 0 TO 50.0 0

50.0 TO 75.0 0
7 i.0 TO 100.0 1

100.0 TO 150.0 0
15 0.'q Ti0 200.0 0
200.0 Tit .:50.0 0
?P5•0,o0 to 300.0 0
300.0 TO( 400.0 0
400.0 YT 1 00.0 0

oVER 500.0 t

"TOTAL I0ThOER OF ELLIPTICAL AREAS I 367

bt1 -EATURI. 5 WITH AuEAS LESS IHAN 0.60 80, PETERS WERE ALSO RE COGNIZED

BY ',ERIMETER 6Y SHAPE

METERS FEE T FRFOU.LNCY SHAPE FACTOR FREUUENCY

0 10 7 0 TO 22 171 0.0 TO 1.0 0
7 TO 10 2? To 32 75 1.0 TO 1.1 0

10 10 12 32 TO S9 Pst . t TO 1.2 6
1 e TI) 14 3'f Tn 145 17 1.2 TIJ 1.3 11
14 TO 16 4 S TO 52 14 1,3 TOU 1,1 6.4
16 TO 17 52 TO0 55 3 1.11 TO 1,5 20
17 TO 20 55 TO 65 1I 1.5 TO 1.6 15
20 TO 22 05 TO 72 14 1.6 TO 1,7 52
22 ) 2 4 72 p 1) 78 11 1.7 TO 1,8 "0
211 7) 26 7li TO 85 l .8 TO 1.9 19
2b 1o P8 85 TO 91 3 t.9 To P.0 33
28 10 30 91 TO 96 5 .0 T) 2., hi
30 TO 32 48 10 1T11 2 2.1 TO P.6 17
3e t) 39 Io'j TO to? 7 2,6 TO 2.8, 10
39 TO)1 5 127 TO 11a7 2 2.m TO 3.0 7

S'a 10 55 147 T0 lRO 1 3.0 TO 3.5 12
I5 10 7 0 180 TO 232 3.5 TO 4,0 5

71 TO. 100 232 tII 3?8 2 41.0 TO 4,.5
OVER 100 OVR 328 4 CIVfR 11.5 5

3.3-53
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LI

C=

-, 4

t1 x

x x# 7
×A

X - Denotes Target Locati

L 700
800 ft

Area: Camp A.P. Hill (Wavelength = 4.5 - 5.5 rim)

Temperature Threshold = Mean + 3.00 a

"Mean 282.89 Kelvin

Std. Dev. o = 1. Kelvin,

"EQUIVALENT ELLIPTICAL AREAS - EVENING
4

.MEN



EII

EVENING

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD I
BY AREA ihreshold = Mean + 3.00 o

SQUARE METERS FREOUENCY Wavelength = 4.5 - 5.5 pim

0.6 TO 9.0 11 Mean = 282.89 Kelvin I
5.0 TO 10.0 2

10.0 To 1s.0 0 o 1.17 Kelvin
15.0 TO 20.0 0
20.0 TO 30.0 0
305.0 TO 30.0 0
30.0 TU 35.0 0
35.0 TO 50.0 0 ]
75.0 .10 1004.0 0

1s0.0 TO 150. o0 0

715.0 10 200.0 0

100.o 10 250.0 0

"250.0 TO 300.o 4 1
300.0 TO 0'00,0 0

"" 00.0 , TO 50o00 1
t OVER s00.0 0

"* -- '- TOTAL b"ThIDER OF ELLIPTICAL AREAS - 14

2 FEATURES WITH AREAS LESS THAN 0b.0 S0, METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

MEILRS FF'T FRE('UENCY SHAPE FACTOR FREQUENCY

0 10 7 0 TO 22 5 0.0 ;O 1.0 0
7 10 to 22 ITU 32 1 .0 TO I,.1 0

10 TO 12 32 To 19 0 1.1 TO 1.2 2
12 TO 10 39q To 45 1 1.2 TO 1.3 3
r 14 T, 16 45 TO 52 o.3 TO 1, 3
io 1)T 17 52 TO 55 0 1.4 TO 1.5 2
11 1[] 2V 55 TO 6s5 1 1,5 TO 1,6 2
20 TO 20 65 T. 72 0 1,6 T) 1.7 0
?2 TO 24 72 ToI 78 0 1,7 To 1,8 0
24 10 26 78 TIo %5 1" ,8 TO 1.9 0
26 TO 28 AS TO q1 0 Iq TO 2.0 1
28 TO 30 91 10( 98 0 ?.0 IT 2.0 0
30 10 3 • 8 TO 104 c 2.4 TU 2.b 0
32 TO 19 104 TO 127 0 Z.6 TO 2.6 0
%9 1J 45 127 TO 107 0 ?.8 To 3.0 0
05 TO 55 147 70 180 0 3.0 TO 3.5 0
55 10 71 180 TO 232 0 3,' TO 4,0 0
71 7T 100 232 TI) 328 0 0,0 TO 4.5 0

OVER 100 OVER 328 1 (VFR 4,5 1

3.3-55
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% - %

o fb

L700

L0 POo ft

Area: Camp A.P. Hill (Wavelength = 8.0 - 14.0 Im)

Temperature Threshold = Mean + 2.00 a

Mean = 281.16 Kelvin

Std. Dev. = a = 1.70 Kelvin

- • EQUIVALENT ELLIPTICAL AREAS - EVENING

IC

3.3-56



I-

: >-(ERIM

j EVENING

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mean + 2.00 a
SQUARE METERS FREQUENCY Wavelength = 8.0 -- 14.0 tim

0.6 TO 5,0 37 Mean = 281.16 Kelvin
5.0 TO i0,0 39
10.0 T( 15.0 19 a 1 .70 Kel vin
15.0 TO 20.0 4
,0*Oo TO 25.0 2
25.0 10 30,0 1
30.0 TO 35.0 0
35.0 TO 40,0 1
'40.0 TO 45.U I
4%.0 71O 50.0 1
S50.0 TO 75.0 2
75.0 TO 100.0 1
100.0 tu 150,0
15010 TO 200.0 0
200.0 TO 250.O 0
250.0 TO 300.0 0
300.0 I( 400.0 1
400.0 0I) 500.0 0

OVER 500.0 0

TOTAL NU.BER OF ELIPTICAL AKEAS 311

165 FEATURES WITH ARFAS LESS THAN 0.60 (0. MFTERS WERE ALSO RECOGNIZED

BY PERIMETER BlY SHAPE

SMETERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TU 22 I 16 0,0 TO .,.0 0
7 TO to 22 T0 32 61 1.o TO 1.1 0

10 TO 12 3r TO 39 21 1 1 TO I.2 16
12 in1 14 39 TO a5 15 1,? TO 1,3 25
14 TO 16 45 TO 52 13 i.1 TO 1 . 74
16 TO1 17 S? 711 55 5 1.4 TO 1.5 42
17 T1) 20 55 To 65 9 1.% TO 1.6 27
20 TO 22 65 TO 72 2 1.b'TU 1.7 41
2• Tn 24 72 TO 78 2. 1.7 TOJ 1,8 20
24 TO 26 78 TO 85 S 1.8 TO 1,Y 11
26 TO 28 8S TO 91 7 1,.q TU 2,0 7
28 TO 30 q1 T(I 98 1 ?.0 TO 2,4 22
30 TO 32 q8 TO 104 7 .2.4 TO 2.6 5
12 I7) 39 104 TO 1?7 3 2,6 TO 2.8 9
39 10 45 127 TO 147 3 2.8 TO 3,0 4
115 TO 55 147 TO 180 2 3.0 TO 3.5 ?
55 10 71 180 70 212 1 3,5 TO 4.0 1

7t TO 100 232 T 32A 3 4,0 TU4.5 2
LI OVER to0 OVER 328 5 OVER 4,5 3

=t 3.3-57
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~ERIM

P1 P600 Pass
LI

40

L700

,C

I -

t.700

800 ft

Area: Camp A.P. Hill (Wavelength 8.0 - 14.0 pm)

Temperature Threshold - Mean + 2.50 u

Mean 781.16 Kelvin

Std. Dev. = a 1.70 Kelvin

EQUIVALENT ELLIPTICAL AREAS - EVENING

V&
S3. 3-98

I-
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0 .h Tt, %.O •1 M4ar• 2i,i18 1uviv i
1).bT 10T0

1 j.A' TO ts.o, o -1,0KliI.o •, .T
10.0O T(I re 0i

S0.C, II 3'r,. 0

3 0 0j340.0 T (- 40. 00

5 ')A0 To I0 C
£.b.0 TO 150 To

Vj f)0• T1 1'00.0 0I 06.n To O,0.0 0
IIJ0.0 If) 21)0.O 4)

S30r),o to 1100,0 0
A100.0 1 ,00*i 0

TUTO AL 11L tINL K O¥ ?IIA, PI"ICAI, ll ,'o -

1 Pk F , 5 IIJHL 1i TIf AI:A5 L{9 l' 1AN 0.D0 30, M7 71" Mrlf! ALf If 0 wf!,ii Of 1
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Hr T7 r it P t IF T r 14 (jJutw , G 3 ' Do' F Ac ?Off ftf •~1 11 ILV

0 1i 7 0 TO 22 14 0,0 10i 1,0
7 TO 10 2? T! 3? 9.0 711 ,,

t10 1i If I? 3? TO 0 9 %Q 1.1 10
12 T n 1'J 39 TO 0 J' (o* II1.

IST 1b 7 0 0, ?1t 0 1.1 I; I . %

SIiR tOJ II €'d TOI V 0 I,: 0 li.%;

17 T 0 5i T 'o 602 %.'. Ti I., 0

n0 10 •? 6 I I1 0 (,s 11) 1 - 1.7
STo 1) 4 7? TO 7'1 o 9,7 10 1,1 1
21£ 7T) ?h 7A TO Ai 0 I TO I, 'q

LI~~~ r)1 QI l R . i

10 tO 3' e TO 1fli 0 0 of Ti; p,#, 0
I~ n 39 0"T '70,A1 7,

Vi Pii 7J 711 n j7 0 A. TI W 1,00
aLII 1) 0 5 1 M7 Ty o 0 30 If) I,% 0

0,i 2 , p V o 0 0
71 10 1100 P,1i? T1 );') 0 u, 0 1;If ,% a
OVERI 100 f'vfll ?af 0 oVT I it 11 t 0
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P384 P640 P895

L1

,q.

1 " S "*4je
% *

*P

0 S

0

L1000

800 ft

Area: Camp A.P. Hill (Wavelength - 4.5 - 5.5 um)

Temperature Threshold - Mean + 1.50 a

Mean 2A2.00 Kelvin

Std. Dev. - a - 1.26 Kelvin

I. - EQUIVALENT ELLIPTICAL AREAS - MIDNIGHT

r r3.3-60
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A SIM

MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY APEA Threshold = Mean + 1.50 a

SOUARE METERS FREQUENCY Wavelength 4.5 - 5.5 pm

0.6 TO 5,0 122 Mean = 282.00 Kelvin
S., TO 10,0 30

10,0o lu ts,o a = 1.26 Kelvin
IS.() T( 20,0 4

20.0 TO 25.0 5

25.0 To 30.0 1

.A0.0 To 3,3.0 3

35.0 TO 40.0 1
40.0 TO 45,0 0

45r0 TO 50,0 0

50.0 TO 7s,0 3

75.0 TO 100.0 1

100.0 To 150.0 3

150.0 TO 200.0 0

200,0 To 250.0 0

250.0 TO 100.0 1

300.0 TU 400.0 1

400.0 TO 500.0 1
"OVER 500,0 1

TOTAL NOthER OF ELLIPTICAL AREAS - 466

1234 FEATIURES NITH A11FAS LESS THAN 0,60 50o METERS WERE AL30 RECOGNIZEO

BY PERIMETER 
BY SHAPE

METFRS FEET FREQUENCY SHAPE FACTOR FREOUENCY

0 10 7 0 Tt$ 22 2S9 0.0 TO 1.0 0

7 TO 1O ?? TI) 1? 78 1,0 TO 4.1 0

10 In 12 37 Tn 19 33 I.l T, 1.2 q

12 TO 14 39 TO 45 23 1.2 10 1.3 q

14 to 16 aS TO 52 to 1,3 TO 1.4 86

16 TO 17 52 TO 55 7 1.4 TO 1.5 48

17 TO ?0 % TIt) 65 16 t.q TO 1.6 29

20 TO ?? 65 TU 71 5 1.b TO 1,7 70

72 if) 21 72 If) 7R A 1,7 Tu lA 31

24 TO 26 7A TO 65 5 1.8 To 1.9 21

26 TO 26 eS to 41 4 $.q TO 2.0 19

28 10 30 91 T) 98 3 P.0 10 2.4 63

30 10 32 98 TO 10 4 2.4 10 2.6 16

32 TO 39 104 TO 127 5 2.6 TO 2,8 It

19 TO 45 127 TO) Jal 4 2.8 lU $40 It

A45 iTo 55 14l I0 IPO 3 3.0 to 1.% 16

55 to 7l Ig0 Tr 2N2 3 3,5 TO 4,0 4

71 i00 S 3o W (M 3?6 5 0.0 TO 4.s 3

OVLR 100 nVEN 326 13 OVER 4.5 Is

3.3-61



•RIM 0

P384 P640 P895

Ll

x

x x
V

xm

X - Denotes Target Location

L 1000
800 ft

Area: Camp A.P. Hill (Wavelength w 4.5 - 5.5 PiM)

Temperature Threshold - Mean + 2.50 a

Mean - 282.00 Kelvin

Std. Dev. - o - 1.26 Kelvin

EQUIVALENT ELLIPTICAL AREAS - MIDNIGHT

3.3-62



MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold : Mean + 2.50 a
SQUARE METERS FREQUENCY Wavelength = 4.5 - 5.5 um

0.6 TO S.o 7 Mean = 282.00 Kelvin
5.0 TO 10.0 31o.o 10 Iso I = 1.26 Kelvin

t5.0 TO 20.0 0
?0.0 TO ?5.0 0
25.0 TO 30,0 0
30.0 TO 35.0 0
35.0 TO 10.0 0
10.0 TO 4590 0
'Ii.0 TO 50.0C 04%.0 TO 75.0 0

1 00,O to 15000 07SOO TO 200.0 0

200,0 TO 250.0 1
25f.0 TO 300.0 0
300.0 To '00.0 0
'100,0 Tt) 50000 0

OVEN 500,0 I

TOTAL NtUIMBE OF ELLIPTICAL A1rES - 12

7 FEATURES WITH AREAS LESS THAN 0,60 0. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 1T ?2 2 0, TO 1,0 0
7 TO 10 22 TO 32 5 1.0 TO t.1 0

10 TO 12 32 TOI 39 2 1.1 TO 1.2 2
12 To 11 39 TO 45S 1 3,2 TO 1,3 I
t14 TO 36 'is To 52 0 t.3 TO 1.4 3
16 TO 17 5? TO 5S 1 164 TO 1.s 3
17 TO 20 55 10 65 0 3.510 1,6 1
20 TO 22 65 TO 72 0 1.b TO !,7 1
22 TO 24 77 TO 7s 0 t,7 TO 1,8 0
24 Tf) 26 78 10 A5 0 1,8 Tu 1.9 0
?6 TO 28 85 TO 93 0 1.9 TO 2,0 0
28 10 30 93 TL 98 0 .2.0 TO 2.4 0
10 TO( 32 q9 TO 101 0 2,1 TO 2.6 0
32 TO 39 104 TO 127 0 206 TO 2,8 0
39 TO 15 127 TO 1417 0 208 TO 3.0 0
45 10 55 ,47 TO 180 0 3,0 TO 3.5 0
55 TO 71 IdO TO 232 0 3.5 TO 1.0 0
7t TO to0 ?32 TO 328 0 4,0 tO 4.5 0

OVLR t00 OVER 301 n OVEk u.s I

3.3-63



P384 P640 P895
Li

I S

4

Ae

eci

L000.

000 ft

Area: ramp A.P. Hill (Wavelength - 8.0 - 14.0 um)

Temperature Threshold - Mean * 2.00 a

Mean * 279.50 Kelvin
Std. Dev. * a 1.54 Kelvin

EQUIVALENT ELLIPTICAL AREAS - MIDNIGHT

3.3-64



MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

RY ARFA Threshold = Mean + 2.00 a
SUUANE METFNI FREOUENCY Wavelength = 8.0 - 14.0 pin

0,6 T,1 5.0 ?19 Mean = 279.53 Kelvin
S.0 TI) 10.0 30
10.0 To 15.0 9 m = 1.54 Kelvin
15,0 T0 T0.0 6
210.70 ?t 9i 0 5
25,0 T() 30.0 I
30.0 TO 35a0
35,n Tin 00.0

44 4o ro) 05.0
0%,O TO 50.0
010. TO 75.0 3

79.0 To 10010 1
100.0 TO 15000 0
1500, TU 200,0 0
200.0 TO ?%0,0 0
250.0 TU 300.0 1
304160 10 ',10,0 0
4o00, TO 50040 0

H)VFR 500.0 1

TOTAL NUMBER OF ELLIPTICAL AREAS - 281

167 FEATURE3 WITH AREAS LESS THAN 0.60 50, METERS WERE ALSO RECOGNIZEO

HY PERIMETER BY SHAPE

METERS FEET FREQUIENCY SHAPE FACTOR FRFOIEENCY

0 To 7 0 To 22 132 0,0 TO 2,0 0
-* In 10 V TO 32 56 1.0 To 1.1 0
o10 In 12 3 70 39 s5 1.1 TO 1.2 16

"12 To 10 39 70 4s 19 1,? TO 1.3 ?
t 1 In Ib '5 TO 5? 11 1,3 TO 1,4 A2
16 TO 17 5?7TO 55 3 .01 To 145 9
17 Tn 20 55 TO 65 7 I.5 TO 1.6 2?
20 TO 22 65 TO 7i 3 1.6 TO 1,7 21
22 TO 24 72 TO 78 2 1.? TO 1.8 20
20 TI 26 78 To Is 4 1." TO 1.9 It
26 Tfl 8 8? ai1 91 2 i., TO 2.0 II
"28 Tn 30 91 TO 98 2 ?.0 TO 2, 21
30 i0 32 98 TO 104 2 214 T) 2.6 10
32 TO 39 104 TO 127 26, TO 2.s 3
39 TO 45 127 TU 20? 6 2.8 TO 3.0 4
45 1(T S5 147 TO 10 2 1.0 T0 3.5 0
S, 1TO T7 180 TO R32 2 1.5 TO 4.0 4
TI TO I00 232 TOi 3?8 3 4.0 TU 4.5 3

OVER 100 OVER 3$8 S OVER 0.5 1

3.3-65
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P384 P640 P895
Li

x

0000X -Denotes Target Location

LI•0

"goo ft

Area: C:amp A.P. Hitll (Wavelength a 8.0 - 14.0 um)

Tempurature Threshold - 4ean + 3.00 a

Mean 279.50 Kelvin
Std. ODe. e T ar.S4 Kelvin

EQUIVALFNT ELLIPTICAL AREAS - MIDNIGHlT

3.3-66
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T[RIM

MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

1Y AREA Threshold Mean + 3.00 a

SQUARE METERS FREOUENCY Wavelength = 8.0 - 14.0 urm
0.6 To 5.0 a Mean = 279.50 Kelvin
S0o TO 1o.o I
0.0 TVl i?.0 0 a = 1.54 Kelvin

15.0 TO Pl00 0
20.0 To 25.0 0
25,0 TO 30.0 0
30,0 TO 35.0 035.0 TV 00.0 0
4OO TO .0*0 0

5.00 TO 50.0 0
so.o TO 75.0 0
?S7o Tt) 0 oo0o 0

100.0 TO 150,0 0
t50.O TO 200.0 0
200.0 TO 250,0 0
250.0 TO 300,0 0

* 300.0 TO 400,0 0
00010 TO 500,0 0

OVEk 500.0 0

IOTAL NMEXE OF ELLIPTICAL AR.,AS -

"4 FEATURES WITH AREAS LESS THAN 0,60 80, METERS WERE ALSO RECOGNIZEO

BY PERIMETER eY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 2? 3 0.0 TO 1.0 0
7 Tn to 22 TO 32 2 1.0 TO lot 0

to in 12 32 TO 39 3 1.1 TO 1.2 2
12 Tn 14 39 70 iS 1 1.2 T1( 1,3 1
14 TO 16 45 TI) 52 0 1,3 TI) 1,4 2
16 TO 17 52 TO S5 0 1.4 TO 1.5 2
17 TO 20 55 TIO .5 0 I.s TU 1ob 1
20 70 22 6e TO ?2 0 1.6 To 1'7 0
22 TO 24 7? TO 78 0 1.7 TU i18 0
24 int 2b 7670 AS 0 I'8 TO 1,9 1
26 TO 28 85 TO 91 0 1,9 To 2,0 0
28 TO 30 91 TI) 98 0 2,0 TU 20 0
30 TO 32 98 TO 104 0 2,4 TO 2,6 0
32 Tn 39 104 T) 1?7 0 2,6 TO 2,6 0
39 TO 45 127 TO 147 0 ?,a TO 3.0 0
45 TO 55 117 TO IS0 0 3,0 To 3.5 0
55 TO 71 180 TO 232 0 3,' TO 4.0 0
71 TO tO0 73? T1 328 0 4,0 10 4,5 0

OVEI 100 OVFN 378 0 nVYR 4,s 0

f' 3.3-67



+•RIM "

CAMP A. P. HILL, VIRGINIA

Power Spectra

Spectral Bands: 2.0 - 2.6 Pm
4.5 - 5.5 um
8.0 - 14.0 pm C,

" ~3.3-68
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:- FLiNTI, M!.CHIGAN

o l'ertinent Scene and Flight foforrnsytion

-(Date of Flight: 18 September 1971)

3-

I

I.

S* For spci~fic: discussions of these and asqsociated data for thi•; scenery,

S,• = ilter to I-(cfurel'Ict 1.

1 " 3.4-1
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Y-ZN I~

S~FLINT-1 Data

$Wavelength Bands:A

z 1.0-1.4 pm, 1.5-1.8 vim, 2.0-2.6 ijim, 9.3-11.7 jim

IFOV: 2.5 mrad (cro~s-traek); 5.0 mrad (Ln-track) •

AltitLude: 1000 ft Depression Angle. 90'

Time: 3-130 hrs F~light Direction: South

Gjround Speed" 200 ft-sec-,

Area Covered (_Ap~prox.): 1660 ft wide x 4000 ft long :

I, Meteorlo.L2Z: Visibility -1 0 mi; dry; cloud cover 3C-50%

- - #-= = .= ----

FLINT-2 Datal' •

Wavelength Bands:

• • 1.0-1.4 ljm, 1.5-1.8 jim, 2.0-2.6 pin, 9.3-11.7 pm

S~IFOV, 2.5 mrad (cross-track); 5.0 mrad (in-track)•

Altitude: 1000 ft Depression An gl~e: 90'

Time: 1200 hrs Flighit Direction: Southeast

Gro id Speed: 200 ft-see

Area Covered (Approx.): 1600 ft wide x 4500 ft long -

I

j( Mte or al/.,) y Visibility > 10 mi; dry, cloud cover 30-50%_

"3.4-2

•zA

FLINTi Dat

Wavelngth ands
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1.0 -1.4 Inn

VýF

9.3 -11.7}n

b.. Li NitS(CAN I uN ES PRODUCl(ED FROM ''lIF VAR I OH SNI-RAR-AD CFIAN IL O1; FLINT-i
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~~ 1.5 - 1. pm

I. ~9.3 - 1.7 r

LI NE, SCANI Lr-INA:ES PRO)UCi F ROM '111F, V/WI otS INFRAI~,RFID (;IANNEI.S 01- FL.INT1-2
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ERII

''A
FdINT, Mi CIth GAN s

dev o sCi s tograms A

SSpectral o ands: 1.02 - d.l dmc

3.54 - 1.8 9im

,'2.0- 2.6 iN
•: 9.3 - 11.7 urn

K. _

S~~Circles d.efine a Catessian CurIVe with the same mean and standard

S• deviation as the actual hi stogram. An "5" on some curve.s indicates

$ • s,'aturation. Because of limits on gain settings some eahi~es pmay exist

• • • beyond the digital linits of 0 and 255, thc digital dynamic ra|n?, oh

2; the data proceessing.

3.-
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FLINT, MICHICAN

Means and Standard Deviations for Spectral Bands

Correlations Betwet:n Spectral Bands t

Spectral Bands" Channel 2: 1.0 - 1.4 vim (piW-cm-2-sr- -tm-I )

Channel 3: 1.5 - 1.8 1im (trW-cm-2-sr --Jim-I )
Channel 4: 2.0 - 2.6 _rn (tW-en-r -t 1)
C M - . -CTr sr -pmo

Channel 5: 9.3 - 11.7 Pm (°K)

Because of the relatively smnall Lemperature changes in the scenery,
there js a nearly linear relationship between the temperature and radiance
statistics for the thermal channels. It is pertinent, therefore, to compute
correlations between radiance and temperature channels.

3.4-18



4 M'RIM

FLINT-i

Number of Subregions = 1

Pixel Subarea Divisions at: 1 645

Line Subarea Divisions at: 10 806

Line Increment Used 1

Pixel Increment Used = 1

Correlation Channels: 2 (1.0 - 1.4 pm)
3 (1.5 - 1.8 pm)
4 (2.0 - 2.6 pm)
5 (9.3 - 11.7 pm)

Correlation 23 4 5

2 1.000

3 0.392 1.000

4 0.303 0.603 1.000

5 -0.455 0.048 0.177 1.000

Channels 2 3 4 5

Mean 1.2728E+03 1.7316E+02 3.5843E+01 2.9443E+02

St. Dev. 3.6425E+02 8.2745E+01 l.0386E+01 3.1403E+0O

__ Total Points 514065 514065 514065 514065

3 1

1--

-I 3.4-19
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FLINT-2

Number of Subregions I

Pixel Subarea Divisions at: 1 645

SLine Subarea Divisions at: 10 896

Line Incremaent Used =1

S.Pi.-el increment Used 1

Correlation Channels: 2 (1.0 -1.4 pm)

3 (1.5 - .8 pm)

4 (2.0 -2.6 pm)

5 (9. 3 -- .i7 m

Correlation 2 3r4

I

2 1.000

3 0.718 1.000

4 0.489 0.634 1.000

5 -0.437 -0.180 -0.036 1.000

Channels 2 3 4 5

Mean 7o 8997E+02 2. 3997E+02 3. 9247E+01 2. 9700E+02

St. Dev. 3. 0508E+02 7. 7870E+01 i. 3748E+CI 3.1768E+00

Total Points 572115 572115 572115 572115

ha

N3.4-20
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FLINT, MICHIGAN

Elliise Statistics

Spectral Bands: 1.0 - 1.4 urm

9.3 - 11.7 om

3

-

I] x 3.4•-21
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Sd B 4

L361ALN ELITCA RA

R 2.0 .
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DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD
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DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD
!C
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FLINT-I

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

nlY A;.tA Threshold = Mean + 2.50 a
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DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AVEA Threshold * Mean + 3.00 o
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FLINT-2

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

UY AREA Threshold = Mean + 2.85 o

SQUARE METERS FREQUENCY Wavelength= 1.0 - 1.4 pmr

4.0 TO S.0 29 Mean - 789.97 ,W-cm -sr -plml
r%.o TO 10.0 52 -2 - 1

1J.0 TO 15.0 23 = 305.08 sW--cm -sr -pmS15.0 TO 20.0 4
20.0 To 2S.0 3

25.0 TO 10.0 a
30.0 TO 35.0 3
35.0 TO 40.0 0
40100 TO 05.0 2
45.0 TO 50.0 2
50.0 TO 75.0 2

S75.0 To 100,0 A
100.0 To 150.0 3
150.0 TO 200.0 0
2o0.0 TO 250.0 0
250.0 T1 300.0 t

300.0 TO 0000 3
TO 500.0 0

S- OVER 500.0 1

TOTAL NUMBER OF ELLIPTICAL AREAS - 13S

027 FLATURES wITH AREAS LESS THAN 4.00 50. MFTERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPF

METERS FFFT FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 10 0.0 TO 1.0 1?
7 TO 10 ?2 TO 32 16 1.0 TO 1.1 1

10 TO 12 32 TO 39 14 1.2 TO 1.2 17
k 12 TO 1t 39 To 0 5 ?7 1.? T0 1.3 9

14 If) 16 45 TO 52 14 1.3 TO 1.0 19
16 TO 17 5S T) 55 6 1.a TO 1.5 16
17 TO ?0 55 Tn 65 9 1.5 TO 1.6 13
?0 TO 22 6% TO 72 4 1.6 TO 1.7 10
22 TO 24 72 To 78 2 1.7 TO 1.8 9
20 70 26 7A TO a5 6 1., TO 1.9 10

S26 TO 28 85 TO 91 "1 1,9 TO 2.0 7
28 To 30 91 TO 98 0 2.0 TO 2.4 9

r 30 TO 3I 98 TIv 100 2 2., TO 2.6 1
32 TI) 39 104 To 127 6 2.6 TO 2.8 1
39 TO 45 127 TV 101 3 2.8 TO 3.0 1
LI5 10 55 147 TO 1I0 2 3,0 To) 3.5 0
55 TO 71 180 To 212 2 3.5 t0 4.0 ?
71 10 100 132 Tn 3?8 0 .)0 TO 0.5 2

OVER 1OU OVFR 328 7 nVFR a.5 0
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FLINT-2

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

B Y ARFA Threshold = Mean + 3.75 a
SUUARE METFES FRFEUENCY Wavelength = 1.0 - 1.4 pjm

Is.0 TO 5.0 6 Mean = 789.97 pW-cm -sr -umr
S.o TO 10.0 -2 -] -1SIn.o TO 15.0 2 u 305.08 pW-cm -sr -pm

19,0 TO 20.0 4
20,0 TO 25.0 0
29,0 TU 30.0 1
30.0 TO 35.0 0
3S.1)0O 4 to O.f 0

'40.0 TOL 115.01
-45.n To S0.0 0S5A.0 -0 75.0 0

"75.0 TO) 100.0 1
10,n.0 T 150.n 0
150.n TO 200.0 1 I200.0 7 (1 250.0 0

-• 9o.0 TO) 300.0 0
306.0 TO 000.0 0
4 00.,0 TO 50o.O 0

£OVER 500.0 0

TOTAL NUMBER OF ELLIPTICAL AREAS - q

131 FEATIUIRES WTTH AREAS LESS THAN 4.Ou (,I. METERS WE.P- ALSO REC'IGHTzFO

By PERIMETER BY SHAPE

METERS FEfT FREQUENCY SHAPE. F ACTOR FREQIIENCY

0 To 7 A Tfl ?2 6 n.0 TO 1.0 7
7 TO 10 ?p TO 32 ' 1.0 To) 1.1 1

20 Tn 12 32 TO 39 5 1,1 TO 1.2 ,?
12 1'f) 39 To 445 2 1.? TO 13I 2
14 I) 16 45 TO 50 0 1.I TO 1.0 3
16 TI) 17 52 TO S5 3 1 .4 TL) 1.5 3
17 TOn 20 55 TO 65 2 1.5 TO) 1. t I
-0 TO 615 TO 72 0 1.6 TO I.7 3
22 10 244 7? TO 78 1 1.7 '0 1 .~
244 TO Ph 7A TI) AS 2 1. A T0 1 .9
26 0(1 28 85; To) qt .0 1. TO 2.0 0
?8 1u 30 91 TI) 98 3 2.0 TO m4 1
30 1o 32 9A TO 104 0 2.4 TO 2.6 1
-31 TO 39 1"Ol0 TO 1p7 1 ?.6 TI) ,.8 .2
39 TO ti5 127 TO 147 1 2.8 T0 S.0 005 TO 95 1U7 To 19O 0 3.0 T ) 3.5 0
55 TO1 7 1n TAn 232 1 3.5 TO ',O 0
71 7TO loo ?A.P Tn 3)p8 0 O.n TOI 4.5 0

OVER 100 OVER 3p2 1 OVER 14.5 0
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F1 INT-2

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 4.50 o

SQUARE METERS FREOUENCY Wavelength 9.3 - 11.7 pm
4.0 TO 5.o 106 Mean = 297.00 Kelvin
5.0 TO 10.0 185

10.0 T, OO 10 = 3 18 Kelvin
3IS .0 TO 20.0 4-
20.0 TO 25.0 22
25i.0 TI) 3n10 16
30.0 TO) 35,0 24
35.0 TO '40,0 10
a 040.0 TO '15,0 11
u45.0 Til 50.0 10
50.0 TU 75,0 '4
S75.0 TO 100,0 15

100.0 TO 150.o 3?
15 n,0 TO 2Ž00.0 7
20A.0 TI) 250,0 8
250.0 TO 300.0 3
300.0 TO 40f).0 6
400o.0 TO 500.0 1

O OVER 500.0 7

TOTAL, NIhLLER OF ELLIPTICAL ARFAS - 18

S3t1843 FLATURES WITH AREAS LESS THAN 4.00 5Q, METERS WERE ALSO RECOCNIZFD

BY PERIMETER BY SHAPFE

METERS FEET FRFOUENCY SHAPf FACTUR FREUIIENCY

S0 TO 7 0 TO) 22 0 0,0 TO 1.0 0
7 TO 10 22 TOc 32 58 1.0 TO) 1.1 0

10 TO 12 3? To 19 59 1. Tf) 1.2 63
12 TO Ia 39 rIO AS lo 1.2 T1 1.3 us
14 TO 16. 4,1 To 92 21 ".3 To t .a 63
16 Tf 17 52 TO f 5 a .4 TO 1.5 .46
17 To 20 •5 5 T%6

20 TO 22 6c; TO 72 P2 1 .S TO 1.7 S5I
r22 TO 24 72 Tn 78 la 1,7 TO 1.8 31

2a T] b6 71 T.I 85 15 .1m Ti 1.9 ?6
26 To 28 85 Ti) 91 11 1.Q TI 2.0 3?
2a 70 30 qI To QO 11 ?.0 TO 2.4 8,1

30 TO 32 98 TI 1 f)4 8 2 1 T(1 2.6 "I1
A2 10 39 101J TO i.77 39 ?.,6 TO 2.8 2a
-V ToT 4% 127 TOi ja7 14 ?,A Tii 3.0 8
'45 ToI 55 147 YII 1q10 .5 3.0 TO 1,5 .9

is TO 71 inn TO 232 39 ".S TfI 4.0 ! 0
T71 TO 100 232 T U 38 43 a. Ti) a .5 4

OVER 100 OvFeR 3?6 5 IVER 4.5 5

34,
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MICHIGAN WINTER SCENES*

C ICTY

CONIFERS

FARMLAND

LAND AND WATER

9, Pertineut Scene and Flight Informartion

(Dates of Flights: 3,4 April 1979)

For bpecific disc~ussi.ons of these and asSOCIateld data for this
-4- scenery, ref~er to Reference 6.
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MICHIG\N WINTER SCENE - CITY

Histograms

Spectral Bands: 3.5 - 3.9 tim

4.5 - 5.5 5m
9,0 - 11.4 jin

-,or/

Ci rcle, de f ine, a (naaus Tan cvrw, withi the Name mean au(; standard
, -doviaito.ii as the actu•,l histog-ram. An "S" on qome curves Indicates
Hi-ituratton. Becausec of limits on g;u1.t .;et t igs some VI1IULýS May l

-xI•,t be-yond the digital limits of 0 and 255, the dig1tal dynamic
range of the data processing.
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MICHIGAN WINTER SCENE - CITY

Means and Standard Deviations for Spectral Bands

Correlations Between Spectral Bands ]
Spectral Bands; Channel 8: 3.5 - 3.9 om (°K)

Channel 10: 4.5 - 5.5 pm (°K) I
Channel 12: 9.0 - 11.4 pm (°K)

I:

II° _I

i

S~3.5-35
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2LERIM
CITY - PRE-DAI4N

Number of Subregions: I
Line Increment Used: 1
Pixel Increment Used: 1
Correlation Channels: 10 (4.5 - 5.5 lint)

12 (9.0- 11.4 um)

900 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions AL: 1 385

Correlation 10 12

10 1.000

12 0.818 1.000

Channels 10 12 (_
Mean 2.7515E+02 2.7507E+02

Standard Deviation 2.2520E-01 3.9349E-01

Total Points 154000. 154000.

350 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 12

10 1.000

12 0.797 1.000

, Channels 10 12

Mean 2.7513E+02 2.7499E+02

Standard Deviation 1.8358F-01 3.1458E-01

Total Points 84400. 84400.

3.5-36
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E ERIM

CITY - NOON -:

Number of Subregion. 1
Line Increment Used. I 2
Pixel Increment Used: I -
Correlation Channels: 8 (3.5 - 3.9 prm)

10 (4.5 - 5.j pm)
12 (9.0- 11.4 pm)

90* Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385 -
A

Correlation 8 10 12

8 1.000

10 0.364 1.000

12 0.441 0.600 1.000

SChannels 8 10 12

Mean 2.8380E+02 2.7805E4-02 2.7905E+02

t Standrrd Deviation 6.2127E+00 2.0422E+00 2.7589E+00

Total Points 154000. 154000. 154000.

35' Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 8 10 12

8 1.000

10 0.268 1.000

12 0.442 0.465 1.000

SChannels 8 10 12

Mean 2.8527E+02 2.7870E+02 ?.7974E+02

Standard Deviation 5.3784E+00 2.1785E+00 2.9419E+00

Total Points 83600. 83600. 83600.

3.5-37

A -
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jRIM

CITY - SUNSET

Number of Subregions: 1
Line Increment Used: 1

SPixel Increment Used: 1

Correlation Channels: 10 (4.5 - 5.5 pm)
12 (9.0 - 11.4 pm)

900 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385

Correlation 10 12

10 1.000

.12 0.703 1.oo A

Channels 10 12 (1
Mean 2.7560E+02 2.7559E+02

Standard Deviation 3.5060E-01 4.9331E-01

Total Points 154000. 154000.

35' Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 12

10 1.000

. 12 0.711 1.000

Channels 10 12

Mean 2.7556E+02 2.7536E+02 A

Standard Deviat!n n 2.9188E-01 4.3698E-01

Total Points 84400. 84400.

3.5-38

S

I



- CITY -MIDNIGHT

-- A

i Number of Subregions : 1
Line Increment Used : 1 .. .:
Pixel Increment Used: I
Correlation Cnannels: 10 (4.5 - 5.5 pm) ::•

S!12 (9.0 - 11.4 pmn)

S~~~90' Depression ....

SPixel Subarea Divisions At: 123 523
S :Line Subarea Divisions At: 1 385A

A

Correlation i0 12 (

1 0 1.000
•' '12 0. 707 1. 000 •

w i1

SChannels 10 12
iMean 2. 7514E+02 2. 7500E+02

A

Standard Deviation 1. 7298E-01 2. 7871E-01•

Total Points 154000. 154000.

:: ~35* Depression :•
NmPixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlati on 10 12

10 i1.000
12 (. 0 -1.4000

CChannels 1n 12

- -

Mean 2,7515E+02 2.7498E+042

Standard Deviation 2.0678E-01 .74865E-01

Total Points 84400. 84400.

P lSas3 n A5-39
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MICHIGAN WINTER SCENE - CITY

Ellipse Statistics

S ectral Bands: 3.5 - 3.9 Pm

4.5 - 5.5 vm
9.0 - 11.4 Pm

13.5-41
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P123 P 323 P523

LI- /"I' o

00

0 0:

0 u7 f

4A
J

Ar a: CITY Pre-Dawn (Wavelength 4.5- 5.5 m)

-Temperature Threshold = Mean + 0.85 u
TeprauMean = 275.15 Kelvin

Std. Dev. o = 0.23 Kelvin

--. I
[QIUIVALENT ELLIPTICAL AREAS

3.5-42
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0____ ___....__-_

CITY PRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS C-FATER THAN THRESHOLD

i Y AREA Threshold = Mean + 0.35 u

SQUARE METERS FREOUENCY Wavelength = 4.5 - 5.5 pm

Mean = 275.15 Kelvin
e.o in 10.0 a = 0.23 Kelvin

10.0 10f 15.0 64 02 Kli
15.0 TOc 20.0 23
20.0 TO 2S.0 18

¶ .. 25.0 TO 30.0 o
30.0 TO 15.0 10
35.0 TO) O.O 5
140.0 T0 45.0 6
4S.0 T 0 50.6 ;?
5n.0 TO 7-3,0 A
75.0 TO 100.0 3
100.0 TO 110.0 . 1

150.0 TO 200.0 I
200.0 TO 250.0 -
250.0 TO P)0.0
300. To £1.
100.0 TO 50n0.0

OVER 500.0 7

TOTAL NHIBER OF ELI, TICAL AREAS - 1 97

1018 FEATURES WITH AREAS L•S THAN A.00 SQ. METERS WERE ALSO RQECOGNIZEC

BY PERIMETER BY SHAPE

HElERS F.ET FREQUENCY SHAPE FACTOR FREQUENCY

TE 0 TO 7 ( TO 22 0 0.0 To 1.0 1
7 TO 10 2p TO 32 0 1,0 TO 1.1 3

10 TO 12 32 10 39 0 1.1 TO 1.2 2
1? TIO 144 34 TI) ' it 1.7 TU 1.3 12

114 To t6 145 TO S2 0 1.3 TO 1.4 71
16 To 17 ';2 TI0 55 18 1.1 TO 1.9 9

S1 TT o0 56 TII 65 ?1a 15 TO 1.6 I'
2 1 TO ?2 6S T; 7 9 1 T .7

pi? TO 2 7? 10p 78 0 1.7 TO 1.8 ?9

214 TO ?b6 / TO0 R5 16 1,g TO 1,9 14

-2t TO 2 8 8S Tn q1 10 1.9 TO 2.0 12

c 1) 30 q9 TI I fi 1 2.0 Iii 2. a 4 f4
30 TI) 32 q98 TO 10Q 1 2.14 TO 2.b 13

32 TO 39 IOU TO 107 ?2 2.6 10 2.6 4

39 TO 445 ý 12; T(' 147 It P. To 3.0 6
'45 '10 55 147 TOI Igo 11 1.0 1j 3.5

-55 10 71 180 It) 2u 2 5 1.5 IT) 14.0 3
71 ) 100to 23? 10 3,)8 10 u o.0 To 14.5

OVLR I00 OVER 3?8 18 OVf '4.5 F,

I3

3. . 43
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LE IM

P 123 P323 P523

L i8

I i
1

1750 ft-

Area: CITY - Pre-Dawn (Wavelength 4.5 - 5.5 Vm)

Temperature 7hreshold = Mean + 2.87 a

"Mean = 275.15 Kelvin

Std. Dev. 3j .23 Kelvin

I.

FOUIVALENT ELLIPTICAL AREAS
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* EIM
CITY - PRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mean + 2.87 u
S3 QUA~E MFR3 FREOUENCv Wavelength 4.5 - 5.5 pm

"9,0 TO I Mean = 275.15 Kelvin
10l.n TO 15.0
15.0 To o.o 0 cy 0.23 Kelvi.i

1, "29.0 TO 30.n 0
30.0 T1 l1.0 0

"39tO.n TO 1=i0,o 0
Vi 0.(I TO '190. 0

4 0. , 5 .o 0 0 40o.o D
"45.0 To S0.0
S,).( TO 75.o
Vi.0n TOi 100.0 0

f100.0 To IS 9. 0 0
11 :o 20 0 .0

250.o To) 30~0. A~ 300.0 Tn 0 1, 4
'100.0 TO 510o0 0 AOV~ER Sou .o 0

TOTAL, NUMER OF ELLIPTICAL, ARZAS A

360 FLA71HES WITH AREAS, LES3 THAN 9,00 50, METERS WERE ALSO RECOrNIZED

HY PE.RIMETER By SHAvE'

METERS FEET FWEQUENCY SHAPE FACTOR FREQUENCY

0 0 7 0 TO P? 0 0.0 T0 1,0 0
7 0 10 22 TO 32 0 1.0 To ,1 0o10 i 12 3? Tn •9 0 1.1 TO 1,2 0

12 to 14 39 To 4S 0 1,? Tn 1,3 01' TO 16 41, TO 52 0 1.3 TO I./A 0
lb 10 17 9? T- 55 0 I.L T70 1.5
17 TI' ?0 59 To O5 2 1.5 TI) 1.6 0
20 TO 22 6 TnI 72 3 1.6 TO 1.7 C22 TO O4 7 1I) 78 0 1.7 T 1.o 1I
241 1 p ?p 7A Tol Ac I Io.R, TO0 1.9 1

f 26 1TO 28 8S T") 011 1.q TO 3.u2 0
28 TO 30 91 Tn Y8 1 2.n TO •.,1 5
30j TO 32 Tn 1 o0 0 ?,'Q T U 2.6
32 T1 39 Io)' To ) 1) 7 0 2.6 1T 2.P 0
39 TO n 'a 127 TOn I u 7 0 2 . TO 7 3.0 095 ITn 55 147 TO ljAn 0 3.0 T') 3.5 0
55 ToI 71 too TIn 212 0 3. TC I 4.0
71 TO 100 ? 1 TTo 3?8 0 4 .0o TO) .5 0

OVk- 100 OVFvR J58 0 nvFR 4.5 0

3.5-45
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L 384 _ _- 4 4
________________~~~~ 1 750 ft --

Area: CITY -Pre-Dawn (Wavelength 9.0 -11 .4 vim)

Temperature Tdreshold =Mean + 0ý50 0

Meart - 275.07 KelIvin

Std. 0ev. o ).39 Kelvin

EqUIVALENT ELLIPTICAL AREAS
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CITY - PRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

LI

- Y AREA Threshold = Mean + 0.50 a
•O~SUARE METFRS FRE...UENCY •AR-V EWavelength = 9.0 - 11.4 um

8.o TO 10.0 36 Mean = 275.07 Kelvin

15.0 TO ?0.0 3, c 0.39 Kelvin
20.0 TO ?5.o 0.
25.0 TO 3n.0 I I
30.0 TO IL.0 0 1
35 .0 TO 40.0 12
40.0 TO 4J5.0 a

500 TO 79,0 17
75.0 TO 1no.0 I?

tootn TO 150.0 1?
I 5r, , 0 T11 200,0o•
200.0 TO 250.0 S

50.0 L )o 310.0 1
300.0 7T) 4 Jln .(p
400,() To7311 5f)O 0

-OVER 500.0 6

TOTAL NUMBER OF ELLIPTICAL AREAS = 28.

602 FLAIURFS WITH ARFAS LF8, T7AN F1.00 39. METERS WERE ALSO RECOGNIZED

f BY PERIMETER By SHAPF

METERS fEIT FREQIUENCY SHAPE FACTOR FRFQUENCY

0 00 7 0 TO 2 0 0.0 TO 1.0 2
7 TO t0 22 T0 12 1 1.0 To 1.1 0

10 TO 12 3V TO 39 1 1.1 TO 1.2 2
S14 in 16 9) Tr0 52 06 1. o 14

16 TOn 17 5? TO 55 a.7 1," TI) 1.5 1I
17 I11 20 Sr, TO 65 27 1.5 TO 1.6 ?1
20 TO 22 65 TI) 74 11 1,6 T, 0 1.7 2i
22 70) 2. 72 Tj T8 0 1.7 TO 1.8 28
21 n TO 26h "8 Tn 85 15 A.A TIf) 1.
2o TO) ?8 8S. TO 91 17 1 .q 10 2.0 18
28 to 30 91 TU 18 21 2.0 TO ?,m 52
30 TIf 32 q98 TO 104 2 P.4 TO 2.6 16,
3. TO 3q 1OU T11 1?7 '12 P.6 TO 2.8 16
39 TO 45 127 To 1u7 15 ?.A TO 3.0
MS 15 55 5 117 0 71 IgO T1( 3.5 15
S 13 10 71 tio Tn 21? 12 3.5 T" ".0 5
71 TO 100 23? TO1 3283 11) 4,5 TI

IJV[ ER 100 V E H 3 p 28 (IVFW .,t

3.5--47
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*~ L384
1750 ft

Area: CITY Pre-Dawn (Wavelength 9.0 11.4 1m)

Temperature Threshold = Mean + 2.03 a
* Mean = 275.07 Kelvin

Std. Dev. =a = 0.39 Kelvin

EQUIVALENT ELLIPTICAL AREAS
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2RIM

CITY - PRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

4Y ArEA Threshold = Mean + 2.03 O

3QUARE METERS FkEIUENCY Wavelength = 9.0 - 11.4 rmn

T.Mean = 275.04 KelvinSon8, TO t0*0 0"

10.0 TO 15.0 0 a = 0.39 Kelvin
S1,.0 TO ?0.0 1

20.0 TO 25.0 1
25.0 TO 3o.O A

30. TO 3S.0 0
35.0 TO 400.0 0
40.0 To 45.0 0
A5.0 Tt 5s.oo 0
50.0 TO 75.0 0
75.0 TO0 100.0 0

100.0 TO 150.0 0
Ij 10.0 10 200.0
200.0 TO 250.0 0 0
250.0 T0 300.0 0
300.0 TO 40(%.( 0

¶ ij~n~ TO 500.0 0
- OVER S0o.0 2

TOTAL NUMBER OF ELLIPTICAL AREAS - 5

15 FEATURES wITH ARFAS LESS THAN 8,00 39. METER3 WERE ALSO nECOrNIZEf

BY PFRIMETER BY SHAPE

METERS FI'ET FREQUENCY SHAPE FACTOR FREQUENCY

. 0 TO 7 0 TO 22 0 0.0 Ti] 1.0 0
7 TO 10 2? TO 12 0 1, TO 1.1 0

10 TO 12 3? TI Iq 0 1.1 TO 1.2 0
12 TO 14 19 To 4S 0 1.? TO 1.3 0
to 10 1T ,l 5 TO 52 0 1.1 TO 1.4 0
16 10 17 52 TO 55 0 1.4 TO 1.5 1
17 TO1 20 55 TO 65 0 1.5 TO 1.6 1
20 TO 22 5 •t 72 1 1.6 TO 1.7 0
22 70 24 7? TO 78 0 1.7 Ti) 1.8 0
?a 10 26 78 TO A5 0 1.8 TO 1.9 o

26 TO 28 85 TO 41 1 1.9 TO 2.0 0
2B TO 30 0i T(I 98 0 2.0 TO 2.4 1

4- 30 To 32 q.18 TO 104 0 ?.a TO 2.6 0
32 TO 39 104 Tn 127 0 2,6 To 2.8 0
39 TO 45 127 TO 147 0 ?.8 TO 3.0 0
"V5 10 55 147 TO 180 I0 3.0 TO 3.5 1
55 TO 71 180 TOt 212 0 3.5 To 4.0 1

1.-71 To 100 ?32 Tit 3;8 0 4 .0 TO) 4.5 0
OVER 100 0 VFt 3?8 3 nVFR 4.5 0

3.5-49
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Area: CITY - Noon (Wavelength = 3.5 - 3.9 pm)

M Temperature Threshold = Mean + 2.00 a
Mean = 283.80 Kelvin

Std. Dev. = a = 6.21 Kelvin

I.
EQUIVALENT ELLIPTICAL AREAS
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3-14

ERIM
CITY - NOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean t 2.000. -u

SQUARE METERS FREOUENCY Wavelength : 3.5 - 3.9 pm

Mean = 283.80 Kelvin
8.0 TO 10.0 21
10,0 TO 15.0 26 a = 6.21 Kelvin
15. • ,0 TiO 20.0
20.n t0 ?5.0 8
2S.0 T 0 3o.0
30.0 TO 35,0 6
3%.0A TO 00.0 6
400. TO 05.0 5
05.0 TO 50.0 5
50.0 TI, 75,0 11
75.0 TO 100.0 7

100.0 TOI 1;0,0 5
150.0 TO 200,0 0
;) 200.0 TO 250.0 1

- 25o.0 TO 3(01.0
.1 300.0 To 000.0 2

•- 4000,1 TIl 5-5A 0
Ov"R 500.0 3

TOTAL NU1*1BF7 OF ELLIPTICAL AREAS - 127

259 FLATURES WITH AREAS LESS THAN 8.00 8. mrETERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREOUENCY

0 TO 7 0 TO ?2 0 0.0 TO 1,0 0
7 TO 10 22 TO 12 0 2.0 TO 1.1 0

10 TO 12 3? TO 39 0 1.1 TO 1.2 2
12 Ti) 10 3q TO 45 5 1.2 TO 1.3 7
1, TO 16 45 To 92 0 1.3 TO 1,4 4
16b T*) 17 52 TO C;5 10 1,0 TO 1.5 7
17 TO ?20 5S TO 65 19 1.5 TO 1.6 111

L 20 TO 22 85 TO) 72 9 1.5 TI) 1.7 12
22 TO 24 72 TO 78 0 1.7 TIQ 1.8 20
2•0 T ?b 7 A TO AS 7 1 . 10 1.9 q

26 TO 2 m 85 TO 01 6 1.9 tO 2.0 8
28 TO 30 91 T71 q6 5 2,0 TO e.4 20
30 TO 32 Q9 TO 100 0 2." T].) 2.6 5
S32 TO 39 1O0 ToI p•1 13 ?,A TO ,?.m 2

39 TO 45 127 To 107 9 2A8 TO 3.0 2
05 10 55 147 TO IAO 13 3.0 TO 3,5 7
55 T1) 71 18O TIo 212 q 3,5 O 0 .0 0

-- 71 TO0 100 232 To 3 8 9 4.,0 TO 0.5 2

OVER 100 (1VrR 32e 13 OVER ,.5 .

13.5-51
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* 2iRIM
CITY - NOON

DISTRIBUTION OF ELLIPI1CAL AREAS GREATER THAN THRESHOLD

nY ARFA Threshold = Mean + 3.50 a
SQUARE METERS FREOUENCY Wavelength 3.5 - 3.9 pm

Mean = 283.80 Kelvin
8.0 TO 10.0 2

1o0. to i1.o 7 u 6.21 Kelvin
15.0 TO 20.0 1
20.0 TC, 25.0 1
27s.0 TO 30.0 I
30.0 TO0 3 5.2
36.0 TO U 00.01
40•0 TO 55.0 1

b0.0 TV( 75.0 3
75.0 Tt, 100.0 3

100.0 TO 190.0 0
150.0 To) 2no.o 02o •0.u TO) 250.0 1

2S0.o 3 040.0 0
V 300.0 it) 400.0 0

400.0 TO Oqo.o0
-1VER 50000 0

TOTAL NUMBER OF ELLIPTICAL AREAS." 2u

35 FLATURES WITH AREAS LESS THAN 8.00 50. METERS WERE ALSO RECOGNIZED

flY PERI.METER BY SHAPF

METERS FEET FREQUENCY SHAPE FACTUR FREQUENCY

0 TO 7 0 TO 2. 0 0.0 TO 1.0 0
7 TO 10 2p TO 32 0 1.0 70 1.1 0

10 TO 12 3? TO 39 0 1.1 TO 1.2 1
12 10 14 34 TO 45 0 1.2 TO 1.3 0
14 TO it LIS TIi S2 0 1.3 T, 1.14 5
Ib TO 17 52 Th 95 5 1 0. "TO 1.5 3

17 Tn ?0 5% TO 65 3 1.9 10) 1.6 2
20 Tn 22 6% TO 72 1 1.6 TO 1.7 2
22 to ZU 72 TO 76 0 j.7 10 1.8 3
2'1 TO 20 TM TO 9S 1 1.8 To 1 .9 2
26 TO 28 85 TO] 91 1 1.9 10 2.0 1
28 TO 30 91 TO Q8A P.10 TO 2.0 3
30 O(1 32 Q9 TO 104 0 Z.I0 TO ?.6 0
32 TO 39 1GQ TO 127 0 ?.6 T U 2.8 1
39 Tf) 4• 127 TO I0 7 4 ?. A TO 3.0 0
'I S TO 95 147 TI) I1 Fo 4 .,0 TO 3.5 0
55 TO 71 180 TO 232 1 3.% TO 4.0 1

, 71 TO 100 23? TO 3p8 3 * 0,0 TO 4,5 0
OVER 100 OVFII 3?8 0 nVER 0.5 0

3.5-53
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i Mean =278.05 Kelvin
Std. Dev. a 2.04 Kelvin
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: EQUIVALENT ELLIPTICAL ARrAS
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°A

CITY -NOON •:

DISTRIBUTION OF ELLIPTICAL AREAS C;REATER THAN THRESHOLD

J1J

SBY AREA Threshold =Mean + 2.53 a
SQUARE METERS FI•En•UFNCY Wavelength N4.5 - 5.5 pm

lMean = 278.05 Kelvin
8.0 TO 10.0 L7

10.0 TO 1b.o c1 = 2.04 Kelvin
15.0 TO 20.0 I q
20.0 TO ?5.0 17
25.0 TIO 30.0 6
30.0 TO 313.0 o
3S.0 TO 4o.0 4
40.0 To 45.0 7
45.0 TO S0.0 4 A
50.0 TO 75.0 12
79.0 TO 10.0 7 ]

100.0 TO 159.0 4

150.6 TO 2no.0 3
F 200.0 TI) 250.0 3

250.0 To 300.o 0
300.0 TO) 400.0 0
Q UT A .0ooo0 o

()VFER 5nO. o 5

TOTAL hNUBER OF ELLIPTICAL ARFIAS - 1486

230 FLAIIRES W'ITH AREAS LESS THAN 8.00 .0. PFTERS WERE ALSO RECOGNIZED

0/ PERIMETER BY S•APF

METS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 ?I) 22 0 0.0 T"O 1.0 2
7 TO 10 22 TO 32 0 ,.0 TO 1.1 0

10 TO 12 32 TO 3q 0 ! 1 TO 1.2 0
12 TO 14 31 0 45 1 1.2 T() 1.3 5
14 70 16 49 TO 2 0 1.3 TO 1.A
Ib TO) 17 5? Tn 55 1? 1. 4 TO0 1.5 7
17 TO 20 55 70 65 11 1.9 TO) 1,6 32p
20 TO ;2 bc TO 72 19 :.6 TO 1.7 7
22 T0 24 72 TO 78 0 1.7 TO 1.8 17
24 10 26 7A To Ar 13 1,A TI) 1,9 8
26 in 2c 85 TO 91 5 1.9 TO 2.0 S
28 TO 30 9) ITn 98 11 P.0 TO 2.4 30
30 TO 32 9e8 TO 0 a 0 2.,d 10 2.b 7
32 T 0 39 104 TO 1,7 16 2.6 TO 2.8 5
39 1(T 45 127 Tn Io7 13 ,2.B TO 3.0 7
5 TO 55 '147 TO IF0 16 3.1) TO 1.5

T l55 in 1 TO 2'S2 11 ,SS TO L.0 3
L 71 TO 100 23? TO 3?8 10 I.0 TO .4.5 1

ScVER 100 OVER 3LB 10 OVER 4.5 4,

3. S-55
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Area: CITY -Noon (Wavelength =4.5 - 5.5 11'11
Temperature Threshold = Mean + 3.29

IA

Mean = 278.05 Kelvin

Std. 0ev. = o= 2.04 Kelvin

EQUIVALENI ELLIPTICAL AR<EAS

3.5-56



CITY -NOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 3.29 o

SQUARE NFTFRS FREQUENCY Wavelength = 4.5 - 5.5 pm

Mean = 278.05 Kelvin
6.0 6 TO 10.0 5
10.0 TO t S. a 9 u 2.04 Kelvin
1%.A In ?%0.
20.0 TO 25.0 ?
2i. 0 TO 30.0 2
36.0 TO 35.0 2
3S.0 TO uO,0 3
40100 TO) as. 0 2
459. TO 50.O 2
-0.0n TO 75.0 1
79 n TO i0n. n I

S100.0 TO 19n.0 1
F, 150.0 To 200.0 0

200.0 10 250.0 0
1250 . To 300.0 0
"300.o TO anO,0 0
/A On.n To 5no•.o o

OvER %00.0 0

'TOTAL NUKBER OF ELLIPTICAL AREAS = 31

109 FkATURES WITH ARFAS LESS THAN 8.00 S0. METERS WERE ALSO RECOGNTZFD

SBY PERIMETER 6Y SHAPE

METERS F[ET FREQUENCY SHAPE FACTOR FRE~tJLNCY

0 TO 7 0 TO) 22 0 0.0 TO 1.0 2
7 TO 10 2? TO 32 0 1.n TO 1.1 0

10 TO 12 32 70 39 0 1.1 TO 1.2 0
12 TO 14 3q TO a5 3 1.? TO !.3 2
1/4 TO 16 45 To 52 1 1.3 TO 1.4 5
I b TO 17 5? To 5" 5 1.. TI) 1.1 3
17 TO ?0 sci To 65 3 I,' TO 1.6 11
20 TO .2 65 TH 72 1 1.6 TO 17 2
22 TO 24 72 TO 78 0 1.7 To 1.8 1
24 TOn 26 7A T) 0 5 3 A* TI) 1.9 2
26 TO 2;8 85 T0 q91 2 1.9 TO 2.0 4
28 10 30 q1 10 oM I 2.n TO 2.qm 3
30 TO 32! 'P TO O10 0 ?.1 TI) 2.6 0
32 TO 39 lO0 TO 127 . 2.6 TO 2.8 0
"39 To C5 .127 To) Ia7 3 2.A 70 3.0 0
415 T 9 S5 147 TO ) 0O 2 3.0 TO 3.5 0
S 7 T 71 160 T) '12 2 ".9 TU 4.0 0

"71 IT'O 100 ?3? TO 328 0 4.0 TO u.5 0
UVER 100 OVER 328 0 CVFR 0.5 0

3.5-57
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SArea: CITY -Noon (Wavelength = 9.0- 11.4 urn)

TepraueThreshold =Mean I- 2.82 a

Mean = 2/9.05 Kelvin

Std. Dev. a 2.76 Kelvin

I =

LQUIVALENT ELLIPTICAL AREAS
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CITY - NOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

ivY ;,REA Threshold = Mean + 2.82 a 1
50'tIARE METERS FREnUENCY Wavelength 9.0 - 11.4 jni

Mean = 279.05 Kelvin
8.n To 10.0 17

10.0 To 15.0 a c 2.76 Kelvin
15.o To ?0.0 19

20.0 TO 25.0 13
25.0 T o "0.0 4"".•(O TO 35.0 6

T5. To 4 3
4 3.0 TO 4S0.0 3

A .O TH 450. n15')0 TI ) 7"5. 7

79.0 TO 100.0
100.0 Tin 150.0 3
150.0 Tu 200.0 1
200.0 TI) 25.
"250.0 TOi 100.0 0
300.0 TO 0 1ln.0 n

'100.0 TO L) 0
-OVFR 500.0 1

TOTAL NUMBER OF ELLIP'rICAL AREAS - 119

207 FEATURES WITH AREAS LESS THAN 8.00 $0. METERS WERE ALSO RECOGNIZED

SBY PERIMETER BY SHAPE

METERS FELT FREQUENCy SHAPE FACTOR FREQUENCY

0 TO 7 0 To 2? 0 0,0 Tt) 1.0 0
7 TO 10 2? 10 12 0 1. , TO 1.1 0

10 T n 12 3? 1' 39 0 1.1 T"0 1.2 0
12 Tn 14 39 TO 45 3 1.? TO 1.3 3
14 TO 16 A5 T 52 0 1.3 TU 1,4
1 TO0 17 b2 TO 55 7 1.4 TO 1.5
17 T9 20 5i 10u 65 18 1 .5 TO i.b) 1320 TO 22 6c TI0 72 7 1.6 TO 1.7 10
22 1 • ?W 7P T 0 78 0 1.7 TO 1.8 16
24 TO 26 7M TO A5 t6 1.0 TO 1.9STO 28 85 To q91 8 1. TO 2.0 7

ft TO 30 01 711 98 6 2.0 TO 2 2j430 TO 32 q8 Tit 10'4 0 2.4 TO 2.6 5
32 10 1q 104 10 1?7 )4 P.6 TO 2.8 11
39 TO 45 .127 TI) 147 5 P.8 I o 1. 3
-15 T0 55 147 Tn 1R0 17 3.0 "tO 3.5 5
55 If) 71 160 T(O 212 1 3S. T •' 11.0 271 TO 100 23? TI) 3?8 4 , 4.0 TO 4.5 1
OVER 100 .3? V OFR I

3.S-59
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"Area: CITY [loon (Wavelength 9.0 -114 pm)

Temperature Thresnold ý,Mean + 3.57 a

Mean = 279.05 Kelvin

Std. ev. = a = 2.76 Kelvi n

EQUIVALENT ELLIPTICAL AREAS
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A

CITY -NOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

RI

BY ARFA Threshold : Mean + 3.57 a

SQUARE METERS FREQUENCY Wavelength = 9.0 - 11.4 Dm J
Mean = 279.05 Kelvin

8.0 TO 0.0 5
10.0 TO 15.0 6 a - 2.76 Kelvin
15,0 TO 20.0 2
20.0 1 0 ?5.0 5
a•50 TO 30.0 1
30,0 To 35.0 3
35.0 TO 40.0 I
£45.0 To 500 I5.

500 TO 7b.0 0
75,0 II) 100.0 2

10n.0 TO 150.0 2
150.0 To 200.0 0o1

200.0 TO 250.0 0

0D0.0 TO 400,0 0300,o TI n 0(1. 0 0

400.0 TOL) SO. 0
OVER 900.0 0

TOTAL NIJHBER OF ELLIPTICAL AP,REAS 2q

210 FEATURES hTuH AREAS LESS THAN 6,00 8Q. METERS WERE ALSO RECOGNTZFD

(BY PERIMETER BY SHADE

SMETERS FFET FREQUENCY SHAPE FACTOR FREQUEI'CY

0 TO 7 0 TO 22 0 0.0 TO 1.0 0

71 TO 1 32 TO 3 0 1 0 TO 1.2 0

10 TO 22 TO 32 0 1 .1 TO 1.2 0

12 TO 14 39 TO 45 0 1.2 TO 1.3 0

14 TO 1b 49 TO 52 0 1.3 To1' .4 1

t1 TO 17 52 TO 55 2 1., T) 1.5 0

17 TO P.0 5c TO 65 4 1.5 ItO 1.6 5

20 10 22 69 TO 72 2 1.6 T;j 1.7 4

22 10 1)4 7" To 78 0 1 7 TO 1 .8 3

4P 10 26 78 TO A9 S 1.8 To1 .9 4

26 T1 28 s5 To 91 1 1.Q To) 2.0 2

25 TO 30 Q1 TO Q8 4 2.0 T() 2.4 7

30 TO 32 q9 TO 104 0 ?0u TO 2,6 2

32 TO 39 104 TO 127 7 ,6 10 2,8 0?8

39 TO 4 . 127 TO Ia7 2 2.9 TO 3.0 0
45 TO S5 la7 TO ISO 2 3.0 111 3,5 1

,. 55 TO 71 1on Tn 23;2 2 3.1 TU 4.0 0
71 TO I00 Poo P TO 3_8 2 4,0 TO m,5 0

OVER 100 OVER 3?8 0 fVj' c.5 0

"-3.5-61
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Area: CITY - Sunset (Wavelength = 4.5 - 5.5 pim)

Temperature Threshold = Mean = 2.00 a

Mean = 275.60 Kelvin

I. Std. Dev. = u = 0.35 Kelvin

EQUIVALENT ELLIPTICAL AREAS j
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-VEIM

CITY - SUNSET

DISTRIBUTION OF ELLIPTICAL AREAS GREATFR THAN THRESHOLD

HY AREA Threshold = Mean + 2.00 o
• SQuARE METERS FR•E•UENCY Wavelength = 4.5 - 5.5 pm

8.0 TO 10.0 1Mean = 275.60 Kelvin10.0 TO 15.0 27a1
10.0 TO 15.0 27 0.35 Kelvin1 I% C TO ? o.0

2)0.0 TO 25.0 7
25.0 TO 30nn
30.0 TO )5.o0
35,0 TO i.0 0

--. TiN O Q' 5.0 ()
45.0 TI) 50.0 0
5 0. 0 TU 75.0 7
75.0 TO 100.0 3

100.0 TO- In0.o S
150.0 TI) 2oo.n ?
200.0 TO ? Oo 0
2%0.0 T t, 3t'. 0S300.0 T1 1400.,O

.00.0 Ti) 0 0 .
•. • oVER 500.0

TOTAL NUMBER O ELL.IPTICAL ARI-AS = 8a

1 14 FLAT11RuF WITH AREAS LESS THAN 8.00 80. METERS WERE ALSO RECOGNIZED

BY PEDIMETER BY SHAPE

METERS FELT FREQUENCY SHAPE FACIOR FREQUENCY

0 T0 7 0 Tn 22 0 0, .n TO 1.0 0
7 TO 10 22 Tn(1 0 1.0 TO 1.1 0

10 TO 12 3? TO 39 0 1.1 TO 1.2 1
12 TO I a 39 T(O 4s 5 1.2 TO 1 ,3 7"14 TO 16 Ls TO 52 0 1,3 TO ,O 7
lb TO 17 52 TO S5 8 1c TO0 1. 5 0
17 TO) 20 S5 Ti) 65 Ii 1.5 III 1.6 10
)0TO 2n ? b 6% Toi 72 12 1.6 TO) 1,7 6
22 IT) ?/ 72 To 76 0 1.7 TO .81
47 TO 6 78 TO) 85 7 1.8 TO 1.9 3
26 0 28 89 To Q9 8 1.9 TO 2,0 0
28 TO 30 qI Tn q8 3 ?.o 10 2.•. 1
30 'To1 32 99 TO 1004 0 ?,4 T0 2.o CS32) TO 39 10 TO 1;7 5 '.6 11) 2.8 3
39 TO) 0% 127 Tn 1ja 7 2.8 TO S.0 ,
45 Tn0 55 '1 ¶7 To I1A0 0 3.0 TO S.5 1
55 TD 71 180 TI1 232 3 3.5 TO 4.0 1
i1 71 tO 2O 232 Tj 32 0 7 0.0 TO 4., 3

OVER 100 OVER 3?28 OVER 14.5 2

3SV 3.5-63
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L 384-
1750 ft

Area: CITY - Sunset (Wavelength 14.5 - 5.5 pm)

Temperature Threshold = Mean + 3.71 a

Mean = 275.60 Kelvin

Std. Dev. a = 0.35 Kelvin

EQUIVALENT ELLIPTICAL AREAS .
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)'ERIM SRIUINO ELPTCL RESGETRTA THEOD

CITY SUNSET
i ~DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mean + 3.71 a
aGUAPE METFRS FREQUENCY Wavelength = 4.5 - 5.5 pim

"Mean = 275.60 Kelvin
8.0 TO 10.0 3

10.0 To 1 s.o 1 o - 0.35 Kelvin
15.0 To 10.0 2
2•.0 TO 25.0 ?
2%3.0 To 30.0 0

30,0 TO 35.0 0* 5.0 TI• 00.0 0'10.0 10 '1'.. 0 0

50.0 Tý, 75.n 0
75.n TO I10.0 I

1U0.0 TO 1509o 0
150.0 TO 2000I
20• .0 T( L 20.0 0
2'0.0 TO 300. 0
)00.0 T o 400.0 0

--100.0 TO 500.0 0
"(IVER 500.0 0

"K10iAL NLJMBEr OF ELLIPTICAL AREAS - 10

1q FLATURES "oITH &R(AS LESS THAN 8.00 SQ. MFTrRS wErE ALSO RECOGNIZED

1BY PEHIMETER By SHAPE

MFTERS FrEl FREQUJENCy SHAPE FACTOR FREQUENCY

0 TC 7 0 To ?a 0.0 TO 1.0 0
S7 10 20 2 TO ?2 ) 1.0 TO 1.1 0

10 TO 1? 3? TO ;9 0 1.1 TO 1.,? 0
-12 i0 141 V To L 05 0 1.2 TO I.3 0
14 TO 16 ( a5 TO 5 0 1.3 TO 1. 4 2
16 10 ( 1 51 T 0 59 2 I. a T(1 1.5 0
17 TO w 0 2 TO 65 1.5 TI . ft 2
"L0 TO 22 65 iT 72 1 1.h TO 1.7 0

2' TYO ?;1 7P TO 73 0 1,1 TO 1.8 ?
2'u TO ?6' 7A TO ) 5 1 1.A TH I. C) 2
24b To ?, 10, TO 91 1 1.9 TI) 2.0 0
2 h 10 3u qI To q98 0 - . TO 2.4 0
30 1T0 3' q2 , Tn 101A 0 ?.J ITo 2.6 0
3e lI 31# 10U TO(I 1?7 4?.O 0 1 .h 1
'39 TO ,5 1?? Tii jar 0 P.8 TO 3.0 0
Sj., I O 55 1 a7 1 n MO0 0 3.0 TO 3.5 0"15 i0 71 1 An TO 1 32 0 3.S TOa 1.0 1

71 TO 110 23? To 3?A . .0 TO 4.5 0
OVLR 100 OVtR 3?8 n OJER u.S 0

3.5-35
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00

00
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0 f
Ae CITY S 0 - 1-p

I-iier t r Th e h l --- n .6

/ -

7/ 0

1_384. - _ __ _ _ ,__ _ __ _ __ _

S1750 ft-____ ___

Area. CITY - Sunset (Wavelength -- 9.0 - 11.4 Hm)

Temperature Threshold -Mean + 1 .69

Mean = 275.59 Kelvin

Std. Dev. = a = 0.49 Kelvin

EQUIVALENT ELL.IPTICAL AREAS
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CITY - SUNSET

DOSIRIBUTION OF ELLIPTICAL AREAS GUEATER TlAN THRESHOLID

BY AREA Threshold Mean 1.69 y

5UUARE f$ETERS FREOUENCY Wavelenyth 9.0 - 1f. I im
B L 008Mean =275.59 Kel vin
8.0 T 0 10.0 8 Ma -255 -li

10.v ro 15.. n a = 0.49 Kelvin
15.0 TO( ?0. , II

n.00 TO 2ý%0 7
2S.0 TO Itv0,
30,0 To) .1 .A I

" 3 .0 To 41n.0 U
4:j o " T .0 2
'15.0 TO S•o.o '

S5o.0 TI) 75.0675.0 TO S00.0 44
S100.0 TO 0 o0O. 0 3
150.0 ti) 100.0 1

;o00.0 Toi 250.0 3
250.0 10 300. 0 1S300).0 T 0 0lO.

V - - 400.0 TO b(0.0 1
n V OV.R 5nO.0 U

TOTAL ,TUMBER OF ELLIPTICAL AREAS 8"

171 FkiATuRs WITH AREAS LESS THAN M.nO 1,. METERS WERE ALSO RECOGNIZFD

BY PERIMETER BY SrAPE

METERS PFET FREQUENCY SHAPE FACTOR FRFOL•ENCY

0 TO 7 0 To 2? 0 0.0 Ti) 1.0 0
7 TO t0 1 ? Ta 32 0 1.0 TO 1.1 0

10 TO 12 32 TO 39 0 1.1 TO 1,2 1
1 TO 14 3q TO 405 7 1.? TO 1.3 7
14 TO 16 US TO 2% 0 1.3 TO LU 5
16 tO 17 5? T0 55 3 1U 'TO 1.i 1
17 10 20 bs TI) 6S 6 1.5 TO 1 .6 U
20 TO 22 65 Toi 72 5 A .TO 1.0 10
2e To) 2, 7 ? TOr 78 0 1.7 T1) O .8 It.
2 10 26b 7, TO A5 7 1 .8 Iii 1 .9
? 1) TO 2 H 8S TO QI 7 A.4 10 2 0 7
28 TO 30 .43 TO q1 U 2.0 T(O Z.4 A
30 T 0 32 a r0., 1 ¶0 0 . T 2I.6 3
3 T', 39 104 10 1'7 10 .8 TI) 2.8 1
,9 T0 US 127 T Li 1ii 2 T1o 3.0 0
SS T1 IS9 17 TO 1i0 5 1 To 1 3.5 3

99 T) 71 100 TL) 2S2 4 3,9 10 4,0 2
71 To I30 23? To 328 3 n0 Tu.1 .2jOVE o 1O0 OVER 3?b2 1 OVER 4.5 3

t3.5-67
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L 384 _

4-. 1750 ft

Area: CITY - Sunset (Wavolength 9.0 - 11.4 Itm)
Temperature Threshold = Mean + 3.00 a

Mean = 275.59 Kelvin

St6. Dev. a 0.49 Kelvin

EQUIVALENT ELAIPIICAL AREAS
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ýk Mk -CITY -SUNSET

-A

- ~DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD =

SBY AREA Threshold =Mean + 3.00 o
SQ(UARE c£ FREQUENCY Wavel ength = 9 -0 - 1 4 m

CITY-TSNSE

S8.0 TO Mean 275.59 Kelvin

10.0 TO 1S.0 o = 0.49 Kelvin
S1. 0 7( 20.0 2
20.0 TO 75.0 1
25.0 TO 30.0 0
30.0 TO 35.0 1
3r,% n TL) 0.0 0
40.0 TO C3,0 A
-9.0 To 50,0 0
50).)* TOD 75.0 0
79.0 TO 100.0 0
1 00.0 To 150.0 2
JS0.0 TO 200,0 0

200.0 Ti) 250.0 0
2. , 250o0 TU 300.0 0

300.0 TO) 000* 0S0040.0 TO 500.0 1"nOvE.R 500.0 0

TOTAL NUMBER OF ELLILIICAL AREAS 14

28 FEATURES WITH AREAS LESS THAN) 8.00 SQ. METERS WERE ALSOf RECOrGNIZED

BY PERIMETER BY SHAPE

-METER FE.T FREQIJENCY SHAPE FACTOR FRFQUENCY

0 10 7 o TO 22 0.0 TO 1.0 0
7 ',f) 10 2? To 32 0 1.0 To 1.1 0

10 TO 12 3P To 39 0 1 1 TO 1.2 1
I 2Ž TO 1') 39 Tfl 45 0 i.? TO 1.3 0
14 TO in .9 To 52 0 1.3 TO 1.0 216 T 0 17 9 ? TOU 95 1 1.0 TO 1.5 3
17 Tl) ,!0 SS TO 65 1. O T 1,6
?0 TO 22 b6 Tr) 72 3 1.h TO 1.7 0
22 Tio 2? , 7? To 7A 0 1.7 TO 1.8 1
24 TO 76 7 TO Ai 0 1.8 TO0 1.9 3SII2' 28 85 TO q9 1" 1,9 T0 2.0
28 r) 30 V1 TO q8 1 P.0 TO 2. 1u0 TI) 3? 9 8 TOf 10- 0 2.0 Ti 7)( 0
3? TO0 39 ¶004 Tfl 127 1 ?.h If) 2.8 0
39 7 , ) a 5 1P7 TO ) I 7 0 2_.8 Ti() 3.0
4 5 T(I 55 11J7 Tf I ¶00 0 3.0 TO }• .S 0",55 71n 71 160 TO 23) ? 2 3.5 TO 0.o0 0
71 TO 100 2  J? TO () P8 0 4,0 TO 4.5 0

, OVER 100 OVFR 3,2b 0 fVFR i.5 0

6 "•" •3.5-69
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Area: CITY -Midnight (Wavelength 4.5 - 5.5 jm)

Temperature Threshold = Mean + 1.50 u

Mean = 275.14 Kelvin

II. Std. Dev. =o=0.17 Kelvin

"• • ~ ~EQUIVALENT EILL.IPTICAL AREAS •
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IERIM
CITY - MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

S O~Y ARFA :AAThreshold = Mean + 1.50 a
" • 3 O tJ S Q A R F. tE TE7 E F R E O U E N t'.YTWavelength 4.5 - 5.5 pm

8.0 10 • Mean = 275.14 KelvinS10.0 Tr) 15,0 31

.o 0.17 Kelvin
S25.0 TI} 35.n /1

35.0 TO 2,0.0
2n.0 T1) 2S.0 32Sin Tjo 3nc

50.0 TO 7S.n 10
75.0 T7 100.0 h

S0on.n To) 110.6 %
t )o .n TO 20•1.0 2
200.0 TO 250.0 3

-~ ~25C6.po T0 3 0c 0
3oo.o Tij 4100.0(
--00.0 y o 5• O0O 0

OfVER t)00,0 3

TOTAL N1MBER OF E;LLTPTICAL ARMS 1 137

881 Fý.ATIINFS. WIdTH AREAS LESS THAN 8.00 SO. METrRS WERE ALSO RkCOGNTZED

OY PFRIMETER BY SHAPE

METERS FFET FIhEOUENCY SHAPE FACTOR FRFQUFNCY

0 TO 7 0 To 2? 0 nn TO 1.0 1
7 10 10 2? TO 32 I 1.0 TO 1.1 0

10 TO 12 32 T11 39 0 1.1 TO 1.2 0
12 7i 14L 39 TO 'iS 3 1 .2 To 1 .3 6
14 TO 16 '5 Tri 52 0 1.3 T" u 1 5
16 T10 17 %? To) %5 17 1.A TO 1.5 a
S17 TO 0 55 .To S 11 1.5 TJ 1.86 16
P 20 T1) 2? 65 10 72 7 1.6 Tr 1.7 6
22 7. 0r 2 7? 7o 70 0 1.7 TO ,. 15
?4 1 r,1 ?2 7A ToI s 15 1A 1T0 1. 7
2b To 218 AS TO 91 7 1. f TO 2.0 i
26 hTo 30 941 If) 9m 7 ?.~~ .i2
30 T1 32 QA To !n4 0 ?.a TO ?.6 10
3? T1` 39 1011 In 12;7 14 2.6 ro 2. R 9
39 TO 'I 127 To 1117 1. 8., lo 3.0 4a
4(5 T0 '5 .1 7 7f) 1"0 10 3.0 T 0 3.5 2
55 Tn 71 1 1 0  1k) 232 5 3.E; T 0 aJ0 5
71 10 100 25? TO 3?6 12 .o0 7(1 J,5 ?

iJVER 100 OVFR 3?21 16 ov•k 4.5 5

3.5-71
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CITY - MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

HY AREA Threshold Mean + 3.63 a
SQUARE METERS FREnUENCY Wavelength = 4.5 - 5.5 wm

5e.0 To ¶o.o 6 Mean = 275.14 Kelvin

10.0 To .1). 0 = 0.17 Kelvin
35.0 TO 20.0 0
20.0 To ?25.0 3
25.0 TI) 30,0 0
30.0 TO 10.0 I
3S.0 TO 40o0 0
'0.0 TI) JS•.0 0
'5.o TI) "0.0 0
530.0 TO 75.0 0

700.0 TO 150.0 0

150.o TI 200.o 0
200.n TI) aS'.0 0
250.0 1I) 300.0 0

3o0.0 TI) 00 0.o 0
:400.0 TO 500.0 0

OVER 5000 0

TOTAL NUMBER OF ELLIPTICAL AREAS = 17

106 FEATURES WITH AREAS LESS TIJAN ,o00 50. METFRS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 To) 7 0 TI) 22 0 00 TI) 3.0 0
7 TI) 10 C TO 12 0 1.0 TO 1.1 0

10 Ti) 12 3? TO ;9 0 1.1 TO 1.2 0
12 TO 34 39 To Lj5 2 1.2 TN 1 .3

11 TO 16 445 TO 52 0 1.3 To 1.16 o
16 i)n 17 5? TO) 55 1 .1I TO 1.5 1
17 TI) 20 55i Tiu 65 3 1.5 TO 1 .6 2

20 10 22 65 TI) 72 1 I.6 To 1.7 0
22 10 21 7? TO 78 0 1.7 TI] 1.8 5
2;4 T1) 26 79 Tti A5 1 I . A TO 1.9 7-
26 TO 28 85 To 91 S I.q TI] 2.0 0
?8 TI) 30 '1 T(n AI 0 2.0 TO 2.4 0
30 TOf 32 '4) T(0 j014 0 214 TI) 2.6 2.
32 TO ",9 10Oi TO 1?7 0 ?.6 TO 2.8 0
39 TO 45 1.?7 T(I 1147 1 2.8 TO 3.0 1
415 TO 55 .147 TO i00 2 3.0 TO 3.5 2
55 in 71 1 V0 Tn 21? 1 3.5 TO '4.0 0
71 III 100 23? Tn 328 0 16.6 TO U ,5 0

OVER 100 OVER 326 0 ) OVER 1.5 0

3.5-73
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-• 1750 ft

Area: CITY -Midnight (Wavelength =9.0 - 11.4 lim) -

Temperature Threshold. = Mean + 1.50 cj

-• Mean = 275.00 Kelvin

SStd. Dev. u 0.28 Kelvin

' • EQUIVALENT ELLIPTICAL AREAS
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CITY - MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

Y AREA Threshold = mean + 1 .50 o
SQUARE MITERS FREoUENCY

Wavelength 9.-1.4p
8.0 To 10.0 22 Mean = 275.00 Kelvin

10.f TO :5,0 32
'5,0 T = 0.28 Kelvin
?0.0 TO ?5.0 9
25., To 3n.o 6S30,0 TO 305.0 11
35.0 TO LI0.0 0oO•lO~ TO s'.,0 3
•5.0 TO 50,0 7S5n*fl TO 7S'. 0 5
75.0 TO 100.0 AI
011, , 0 Ti 150.0 0

156.0 TO 0,.
200 .0 TO i-ýo, 0

4TO 300.0 2
.,300.0 T 0 400.0) 0

k- 400.1) TO 500.0 1
E HVER 500.0 5

TOTAL NUMBER uL' ELLIPTICAL AREAS I 32
354 FLATURES WITH AREAS LL.S THAN 8,00 SQ. MFTFRS WERE ALSO PtCOGfjIZED

ey PERIM(TER BY SHAPE

METEHS FEIT FREQUENCY 3HAPE FACTOR FREOUENCY

0 f 0 7 0 TO ?2 0 0.0 TO 1.0 07 O 10 o 2? To 32 0 1.0 TO 1.1 0to To 12 32 TO 39 0 1.1 TO 1.? 0Sr,. TO 14 30 To 45 11 1.? 10 1.3 12
1- TO 10 ) 5 To) 52 0 1.3 TO 1.4 916 T0 17 1, TO 5 8 1.0 TO) 1.5 4117 T0 20 '5 To) -, 13 1.5 TO 1,6 10
?0 TO 2 2 65 Tfl 72 S1 T179
k2 TO 24 - 7 T!- 78 1 .5 6, TO I1.79

Ž2 TO P 7? T.O 78 0 1.7 TO 1,8 15T T1) 2b 7A TO A 5 5 1.8 TO aq 11
Ž6 to 23 h Lý5 91 9 1.9 TO 2,0 2
28 TO0 30 91 TO q98 4 ?.0 TO 2,. 3'
10 TO 3? 9M TO 164 0 2.0 TO 2.6 6
32 TIo 39 104 Tf) 127 ?1 2.6 To) 2,8 L39 T70 45 .127 1') 107 6 2.8 TO 3.0 3
05 TO 55 1Ia7 T7) 1R0 13 3.0 T f) 3,5 41
55 TO 71 180 TO 232 12 3.5 To i.O 2

.. 71 TO tO0 23? 7'i 3?8 3 4,0 TO 0,5
OVER 1o0 OVER 3?8 1? OiVER 0.5 5

3.5-75
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1750 ft

Area: CITY -Midnight (Wavelength = 9.0 - 11.4 pm)
Temperature Threshold = Mean + 2.50 a

Mean = 275.00 Kelvin

Std. Dev. a 0.28 Kelvin

I EQUIVALENT ELLIPTICAL AREAS
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CITY - MIDNIGHF

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

N.Y AREA fhreshold Mean + 2.50 a

S3UARE MFT?'RS FREQUFNCY Wavelength 9.0 - 11.4 p.m

8.0 TU 10,0 Mean = 275.00 Kelvin
10.0 TO 15.0 4 0.28 Kelvin
.15.n Tc PO.0 2
?,).0 T0 25.0 1

'40.0 TO 10.0 0
31i,0 TO C 0.0 0

.. ~~40.0 TO 0 u,.,(
4.% . f TO ti .0,0

50.0 TO) 75, 1

75.0 TOI 100.0 0
I uO.0 TIO 150.0 0

', L150•0 TO ?0o.0 I
200.0 II) 2S,0o 0

2. - 25,.0 10 300.0 0

.500.A 10 00.0 0
41 00 0 TIT 50.0.0 0

SOVER 500.0 1

TOTAL NUMBER OF ELLIPTICAL ARE-kS 13

37 FEATURES 'WITH AREAS LESS THAN 8.00 SO, IFTERS WFPF ALSO RECOGNTZFD

BY PERIMETER BY SHAPF

METERS FEET FREQUENCY SHAPE FACTOR F REULIENCY

0 TO 7 0 TOj 22 0 0.0 TO 1.0 0

7 In 10 a? TrI 12 0 1.0 TO 1.1 0

10 i0 1. 3? TO 39 0 .1 70 1. 2 1

12 10 14 3Q TQn 5 0 1.2 TO 1.3 1

14 TI. l b a£5 Tr n 2 0 1 TU. 1.

16 T11 17 S? Tp 55 1 . TO .. 0

17 TO 20 56 TS AS a ,. TO 1.6 2

_0 TO 22 6c Tfi 72 2 1 .6 TI) 1.7 1

22 TO ?Q 7? TO 78 0 1,7 TO .A 3

74) T0 ? b 7 R I r) 85 1 1 , TO 1. 0

S2 TO 23 e95 IO 91 0 1.q TO 2.0 2

28 Ti) 30 1 T n qT 0 0 T n.1 1

30 7U 32 0). 1( 104 0 ?.' TO 2.b 0

W3 Tr) 39 1 "1 TO 127 2 ?.A II] 2.8 0

"3- To £ 1S 1_7 TO Ia 7 0 2.8 TO 3.0 0

105 T r) 5b 1" l 7 Tr) IR0 0 3,0l T() D 3 5 1

.55 TO0 71 1 A0 TI] 232 0 3.5 TO u.0 0

71 TO IO 23? TI) 378 0 4.0 10 1,s 0

OIVER 100 OVER '326 2lER '4.5 0

3.5-77
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MICHIGAN WINTER SCENE - CITY

Power Spectra

1l..

Spectral Bands: 3.5 - 3.9 pim
4.5 - 5.5 pm
9.0 - 11.4 Pm
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SYICIIIGAN WINTEK SCENE - CONIFERS

HistograLs

Spectral Bands: 3.5 3.9 9m
4.5 - 5.5 jim
9.0 - 11.4 •im

I.
Circles define a Gaussi "n curve wit It the same mean and standard

deviatic, as the actual histogram. An "S" un some curves indicat&:;
saturetion. BEcause of limits on gain setting.; some values mn/ exist
beyond the digital limits of 0 and 255, the digital dynamic range of
the data proc ssing.
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MICHIGAN WINTER SCENE - CONIFERS

Means and Standard Deviations for Spectral Bands

Correlations Between Spectral Bands ]
Spectral Bands: Channel 8: 3.5 - 3.9 onm (°K)

f Channel 10: 4.5 - 5.5 lia (K)

Channel 12: 9.0 - 11.4 i'm (OK)

-=

3.5-114
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LERIMI
STATISTICS OF THE CONIFERS (PRE-DAWN) SCENE

Number of Subregions: 1

Line Increment Used: 1
Pixel Increment Used: 1
Correlation Channels: 10 (4,5 - 5.5 um)

12 (9.0 - 11.4 pm)

P

90 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisiox.s At: 1 385

Correlation 10 12

10 1.000

12 0.658 1.000

" I Channels 10 12

Mean 2.7486E+02 2.7466E+02

Standard Deviation 9.7860E-02 1.7563E-01

Totb'i Points 154000. 154000.

35' Depression
r
U Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlution 10 12

10 1.000
U 12 0.553 1.000 A

Up Channel• 10 12

Mean 2.7483E+02 2.7466E+02

Standard DeviatJon 7.0218E-02 1.3288E-0i

Total Points 84400. 84400.

k

S~3.5-.115

- I ¾
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STATISTICS OF THE CONIFERS (NOON) SCENE -1

Number of Subregions: 1
Line Increment Used: 1
-Pixel Increment Used: I

SCorrelation Channels: 8 (3.5 - 3.9 pm)
10 (4.5 - 5.5 pm)
12 (9.0 - 11.4 pm)

900 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385

Correlation 8 i0 12
8 1.000

10 0.169 1.000

12 0.188 0.611 1.000

Channels 8 10 12

Muan 2.8177E+02 2.7758E+02 2.7868E+02

Standard Deviation 3.6689E+00 6.3410E-01 9.3872E-01

Total Points 153200. 153200. 153200.

350 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 8 10 12

8 1.000

10 0.206 1.000

12 0.228 0.640 1.00u
lI . -

Channels 8 10 12

Mean 2.8 505E+02 2.7869E+02 2.8003E+02

Standard Deviation 2.8419E+00 5.3734E-01 8.3943<-01

Total Points 83600. 83600. 83600.

3.5-116
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STATISTICS OF THE CONFIERS (SUNSET) SCENE

Number of Subregions: 1
Line Increment Used: 1
Pixel Increment Used; 1
Correlation Channels: 10 (4.5 - 5.5 pm)

12 (9.0 - 11.4 pm)

900 Depression

2ixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385

Correlation 10 12

10 1.000

12 0.768 1.000

Channels 10 12

Mean 2.7540E+02 2.7544E+O2

Standard Deviation 1.6557E-01 2.6030E-01

Total Points 154000. 154000.

35* Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 12

10 1.000

12 0.793 1.000

Channels 10 12

Mean 2.7543E+02 2.7537E+02

Standard Deviation 1.3133E-01 2.2989E-01

lotal Points 84400. 84400.

3.5-117



SRIM

STATISTICS OF THE CONIFERS (MIDNIGHT) SCENE

Number of Subregions: 1

Line Increment Used: 1

Pixel Increment Used: 1

Correlation Channels: 10 (4.5 - 5.5 pm)

12 (9.0 - 11.4 pm)

90° Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385

Correlation 10 12

10 1.000

12 0.837 1.000

Channels 10 12

Mean 2.7498E+02 2.7476E+02

Standard Deviation 1.3947E-01 2.3721E-01

Total Points 154000. 154000.

350 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 12

30 1.000

12 0.814 1.000

Channels 10 12

SMean 2.7500E+02 2.7472E+02

Standard Deviation 1.0951E-01 1.9783F-01

Total Points 84400. 84400.

3.5-118 l
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S~MICHIGAN WINTER SCENE - •ONIFERS...

A

SEllipse StatisticsA

' • Spectral Bands: 3.5 - 3.9 Pm

/, • 4.5 - 5.5 •

S~9.0 - 11.4 •
nI

• 3.5-119
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P123 P323 P523

LI

00

""1b %o

I tf

. SD

00

U,,

L 84 -1750 ft

Area: Conifers (Wavelength =4.5 - 5.5 jim)

i Temperature 1hreshold = Mean + 1.71a

Si Mean = 274.86 Kelvin

I S
I. - Std. Dev. = a = 0.10 Kelvin

EQUIVALENT ELLIPTICAL AREAS -PRE-DAWN

3,5-120 c



(JP L~kIM

CONIFERS 'Pre-Dawn)

R DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

bY AEA Threshold -- Medn + 1.71 o
SSQUARE. NET!S FREQUENCY Wavelength = 4.5 - 5.5 rmn

Mean = 274.86 Kelvin8.0~ TO ,o.o 314

10.0 TO 1S.0 , = 0.10 Kelvin
15.0 To 20.0 21
20.0 To 2•.0 13
25.0 TO "0.0 91
30.0 TO 35.0 2
35.0 TO 4n.0 4
£40.0 TO 45.0 0
45.0 TO 50.0 A -
50.0 Tf 75.0 2
75.0 TO 100,0 1

10 .0 Tro ,90.0 2
.15.0 TO 200.0 0

200.n TO 2S0.0 1
2J0.0 TO 3no.O 0
300.0 TO 4nof0 0
40 (1. 1 , TO 500.0 1

UVEP 51)0.0 1

TOTAL NIRIBER OF ELLIPTICAL AREAS t13

f 2043 FLATUIRES WITH AWEAS LESS THAN 8.,00 SO. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FRFQUENCY

0 TO 7 0 To P o 0.0 TO 1.0 0f 7 TO 10 2? TO 32 0 1.0 TO 1.1 0
10 TO 12 3? TO 39 0 1.1 TO 1.2 3
12 Tn IR 39 T. as 9 1.2 TO 1,3 914 TO 16 49 7o S2 0 1.3 TO 1.,4 516 111 17 52 T0 55 1F3 t1 To 1.5 5

17 TO 20 53 0 A5 14 1.5 T 0 1.6 14
?20 TO ? e 69 TO 72 17 1.6 TO 1.7 S1
22 TO 2" . 7? TO 713 0 1,7 TO 1.. 11
24 in 2b 7A TO 85 is 1. TO) 1.9
26 TO 28 as% TO 91 11 1.9 TO 2.0 102 # ZU 30 41 Tr) 98 7 Z.0 T 0 2,.4 35
370 TO) 32 qA TO) 104 0 2.4 TO. 2.6 tt

• -32 TO 39 104 TO0 1 ;7 18 2.6 TO -. 8 ,4,
39q TO 45 127 TO l47 so 31. A TO 3.0 2S05 TO S5 14l7 Tn I1A0 1 . Is T o 3.5 2

s III T it 80 tO T 21,2 4 1 .5 TO 4.0 2

71 TO 100 232 TIO 328 1 4.0 TO 4.5 2
•OVER 100 ovFR 328 6 OVFR 4.5 1

S3.5-12-L
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P 123 P 323 P523
L- -

,. !

L384" -. ..

S] ~750 ft,•"

/i

SArea: Conifers (Wavelength =4.5 - 5.5 jro)
: Temperature Threshold = Mean + 3.25 G

/A

S~Mean = 274.86 Kelvin
i i Std. Dev. = c = 0.10 Kelvin

• EQUIVALENT ELLIPTICAL AREAS -PRE-DAWN

c--A

.•. .•,3.5-122
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CONIFERS (Pre-Dawn)

DISTRIP'•,TION OF ELLIPTICAL AREAS GREATLT THAN THRESHOLD

eY AREA Threshold Mean + 3.25 (3
SQUAURE MFTFRS FRFOUFNCY Wavelength = 4.5 - 5.5 jim

"Mean = 274.86 Kelvin
8.0 To 1,.o 3

10.0 T o 15.0 7 ci 0.10 Kelvin
15.0 To ?0.0 3
20.0 TO 25.0 0

S2S.0 TU 30.0 0
30.0 TO 35.0 0
35.0 70 4U J0.0 0
'4n.0 TO 05.0 0

5.5n TO 50.0 0
50.0 TO 75.0 2
75.n TO 100.0 .

to0.0 T U I 0. O 0
S150.0 T0 200.0 0

* 2oA. n TO 2 0,0 o.
2b0., Ti) 300.0 0
306.o iii 'i.o 0
000.0 To 500.0 0

OVER 5no'o 0

TOTAL NUMBER OF ELLIPTICAL AREAS 11;

51 FATURES WITH ARFAS LESS THAN 8.00 80. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FFET FREQUENCY SHAPE FACTOR FREIgUENCY

0 TO 7 0 To 22 0 0.0 TO 1.0 0
7 TO to 2? Tn 32 0 1.0 TO 1.1 0

10 TO 012 32 TO 19 0 1.1 TO 1.2 0
12 TO 14 39 T• •15 2 1.2 Tn 1.3 2
14 TI) 16 (4% TO S2 0 1.3 TO 1., 0
16 1 0 17 5? T.) 55 0 1. t TO 1.5 2
17 TO 20 55 To A5 3 1.5 TO 1,6 2
20 10 22 hS TO 72 3 1.6 TO 1.7 0
22 TO 2'J 72 1 78 0 1.7 TO 1.8 2
20 10 t.. 7. TO A5 2 1,8 TO 1.q 1
26 10 28 85 TO 91 0 1.' TO 2.0 1
28 TO 30 q91 TOI 98 2 2.0 To 2.4 2
30 T() 32 Q8 TO 10' 0 ?.4•To 2.b 1
32 TO 39 10 4 TO 127 1 2.6 TO 2. 2
i9 l '4s 127 TOn 107 0 2.1 TO 3.0 0
'45 TI 55 147 TO 180 0 7.0 TO 5.5 0
55 TO 71 tlA To 232 1 3.c TO '4.0 0S71 7t 100 23? TO 3?8 1 '.0 TO Q.5 0

OVER 100 OVER 328 0 OVER 4.5 0

3.5-123
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~~0

k c 00.,U k.

L384
1/50 ft

Area: Conifers (Wavelength = 9.0 - 11.4 ,im

1nperature Threshold = Mean + 1.56 o

Mean = 274.16 Kelvin

Std. Dev. = o 0.18 Kelvin

QUIVALENT ELLIPTICAL AREAS - PRE-DAWN

3.5-124



S~CONIFERS (Pre-Dawn)
S~~DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THIRESHOLD :

IWE

i •SY AREA Threshold = Mean + 1.56 o . .
OSJUARE HETfRS fR~nUENCY Wavelength = 9.0 - 11.4 pm

Mean = 274.66 Kelvin
8.0 To) 10.0 33

10.0 to 15.0 4, u 0.18 Kelvin
15.0 TO 20.0 24
20.A To 25.0 12

25.0 TO 3.0o ..
S30.0 TO 3S.0 6

35.0 TO
4nO.0 Til 15. 0 M
-0.0 To -0.0 0
I.0 .fn TO 75.0

100.0 TO 9n.O1
120.0 TO 200.0 ?
200.0 Ti 2So.oI

30.0. TO 000.0
00.0 10 ,00'.6

OVWR b 500o.0 0

TOTAL NUM9BER OF ELLIPTICAL AREAS - 1 41q

902 FEATURES W'ITH AREAS LESS THAN FI,00 so. METERS WERE ALS(I RECUGNIZED

VBY PERIMETER 13Y SHAPE

METERS FEtT FREQUENCY SHAPE FACTOR F RE QUENC Y

0 T7 7 0 TO 22 0 1.n TO 1.0 0
7 10 10 ?? TO 32 0 1.0 TO 1.1 0

10 Ti) 12 1 ? I I 3q 0 1.1 T' 1.2 3
12 10 14 3q TO) 45 13 1.? TO 1.3 17
1(4 7T) 16 S2 TO 9 0 1-3 TOI 1.4 1
16 TO 17 52 To S5 25 1.11 T 1..5 6
11 71T 20 55 TO 65 26 1.5 TO) 1.6 17
?0 1FJ 2? 65 T) 7I? i6 1.6 TiO 1.7 18
72 10 24 7 ? TIf, 70 0 1.7 TO 1°.8 19

PsI I0 Pb 7 O M 3 . I .iz 26 TO P1 i.15 TO 0 I 5 1.9 TI) 2.0 5

?3 ain 3 0 qI TO q8 2 2 . 1n0 2.0 42
30 To 3. A 81O 104 0 2.4 TO -. t. I
32 To 39 104 TO 1?7 thb 2.6 I) 2.b 2
39 10 45 1?7 11(1 147 7 2.8 TO 3.0 2
(5 Inl 59 147 TO O 7 A.) TI) i,. S
5 S To. 71 IHO ( 11) ;132 4 1.5 To (4.0 3
71 TO 100 ?A? in 328 3 , o.0 TO 0.5 ?

OVER 100 OVER 3?8 q rIvFR 4.5 0

-3.5-125
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P 123 P323 P 523

tt

1750 ft -_

Area: Conifers (Wavelength = 9.0 - 11.4 Hm)

Temperature Threshold = Mean + 3.12 o

Mean = 274.66 Kelvin
- Std. Dev. = o = 0.18 Kelvin

EQUIVALENT ELLIPTICAL AREAS PRL-DAWN

3.5-126
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CONIFERS (Pre-Dawn)

DiSTRIBU ION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = 4ean + 3.12 cT
S0UAREI METEPS F RfOUENCY Wavelength 9.0 - 11.4 pm

. Mean 274.66 KelvinS8.0 TO 10 0
10.0 Tu is.o 1 o = 0.18 Kelvin
15.0 TO ?0,0 0
20.0 TO ?j,0 0
2•. ITU 30.0 0

3 .h03n TO 35.0 0
35,•0 TO 4.O*0 0

14 .000 TO 15,0 n
ias.n TIJ 0.0 0
b 0.0 TO) 7S.0 0
79.0 To 100.0 0

100.0 10S150.0 TO 200.0 0

4 4 200.0 TO ?5o.0 0
,50.0 TU 100.0 0

•: 300.0 10 U0 0

4 1400,0 10 500.0. 0
""I f R1VER 500,0 0

"TOTAI, UMF:R OF ELLIPTICAl. ARFkS - 4

25 FtATIURES WITH AREAS LESS T4PAN 8.00 30, METERS WERE ALSO RFC()NIZfD

SiY PER14ETER BY ,m4PF

METIER FEET FREQUENCY SHAPE FACTOR FREWUENCY

0 10 7 0 To :O. 0 ().0 To 1,0 0
7 10 10 2? TO 32 0 1.0 TO 1.I 0

10 71` 12 3? Tv 39 O 1.1 TO I',. 0
12 TIO 14 39 To 45 2 1.? TO 1.3 2
114 7 26 4c TO I 2 0 I2 0O 1 1.4 0
It TO" 17 5? TO 55 1 1.4 TO 1.5 0
17 10 20 S; TO 65 0 1.5 ,II2 I '
20 Io f ?2 65 If) 7? 1 1. TO 1.7 0
?2 tf' 714 7 7? T) 78 0 1.7 TU 1 .8 1
24 TO ?6 79 TO A5 0 1.4) Tr2 2.9 0
26 TO 24 8 10 TO) 91 0 1.9 T10 ?.0 0
28 TO 30 QI 1On 98 0 2.0 TO 2.0•
30 1) 32 q9 T(1 I)0 0 ?.0 T( 2P.6 0
32 10n 39 1no L TO 177 0 ?.6 TO 2.8 0
-9 TI) dis 127 TO 117 0 ?.A TI) 3.0 (0
,S Tf) 53 1'7 TO In0 0 3,1 n T 3.5 0
55 TI1 7| 1h0 T1( 2W 0 1.5 T. J 04.0 0
71 TO1 0oo 23? yll 3748 ( ,0 T() 4.5 0

OVLR tO0 nvfk 3 p 0 0VFR 4.5 0

3.5-J27
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Temperature Threshold = Mean + l1.65 a

Mean = 281.77 KelvinStd. Dev. : 3.67 Kelvin

' •EQUIVALENT ELLIPTICAL AREAS -NOON
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CONIFERS (Noon) I-
DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

"BY AREA Threshold = Mean + 1.65 C_

SQUARE METERS FRE,JUFNCY Wavelength = 3.5 - 3.9 pm

Mean = 281 .77 Kelvin
8.f0 TO 10.0 '42

S10.0 TO 15.0 51 u 3.67 Kelvin
15.0 TO 20.0 10
20.0 TO 25.0 4 A
2S.0 TO 10.0 0
60.0 TO C) 5.0
3.ý9.0n TO M0.0 0
140.0 T. '45.0 0
4L .0 TT) % 0.0) 0
50.0 TO 75.0 0S71;.o To) 10o).o 0

100).0 To 150.0 01
S15 0.0 TO 200.0 0
P00.0 TO 250.0 0
250.0 TO 300.0 0

300.0 TO '100.o 0
'400.0 TO 500.0 0

OVER 500.0 0 -

TOTAL NUHBER OF ELLIPTICAL AREAS - 108

3898 FEAIURES WITH AREAS LESS THAN A.00 30. METERS WERE ALSO RECOqNIZED

U BY PE-ItIETER BY SHAPE

METFRS FEET FREQUENCY SHAPE FACTOR FREQUENCY

S0 TO 7 0 to 22 0 0.0 TO 1.0 0
7 TO 10 22 T! 32 0 lO TO 1.1 0

10 TO 12 32 TO 39 0 1.1 TO 1.2 0
12 TO Im 39 TO 45 P 1 TIO 1.3 4
14 To 16 49 TO 92 0 1.3 TO 1.4 2
1b TO t7 5 TO 55 1 4 1.0 TI) 1.5 0
17 TO 20 S5 TI] 65 15 1.5 TO) 1.6 13
20 TO 22 65 TO 72 20 1.6 TI) 1.7 A
22 TI) 2"a 7? TI) 78 0 1.7 TO 1.0 114
24 ii !6 70 TO Mb 1o 1.9 7TO 1.9 10
26b 11) 28 85 TO 91 13 1.9 TO 2.0 9
2 8 TO 30 1I TO 98 8 2.0 1To •.4 410
30 TI) 32 8 TO 10I4 0 2.4 TI) 2.t 3
32 TO 39 iot( 10 1?7 , 2.6 T. 2.8 3
39 in 45 127 ¶0 1147 2 P.A TO 3.0 7S45 Tf0 55 u7 TI 1 0 00 430 TI' .3.5 4
95 TI] 71 18A TO 232 1 3.5 TO 4.0 0
71 TI 100 ?3? TI) 32•0 I , . TO 4.5 0
LOVER 100 OVUR 328 0 nVFR ',5 0

3.5-129
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L 384
FA 1750 ft

Area: Conifers (Wavelength = 3.5 - 3.9 pm)

Temperature Threshold = Mean + 2.00 o

Mean = 281.77 Kelvin

Std. Dev. = a 3.67 Kelvin

EQUIVALENT ELLIPTICAL AREAS NOON
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EIM

CONIFERS (Noon)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 2.00 G

SQUARE METERS FREQUENCY Wavelength = 3.5 - 3.9 pm
Mean = 281.77 Kelvin

4 8.0 TO 10.0 7
10.0 Tn 15.0 4 3.67 Kelvin

* 15.0 To 20.0 0
20.0 T o 25.0 0
25.0 TO o.o 0
30., To 0,.0 0

945.0 To €;o.o 0

50.0 TO 7'i. 0 0

7 5.n l TO 100.0 0
10n.0 TO 12;0. 0
I rO,O0 TO0 200,0 0
2o000 T 0 2ri0. 0

f 2, 0.n Tn 30o.o 0
4 300.0 TO 4000.0 0

. 00.( T o 500.0 0
1VF N 500.0 0

TOIAL W31BER OF ELLIPTICAL ARFAS I 1

1670 FEATURES WiTH AREAS LESS T4AN 8.00 S0. METERS WERE ALSO REC(OGNIZED

IBY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAnE FACTOR FREQUENCY

0 TO 7 0 TO 22 0 0.0 TO 1.0 0
7 TO to 22 TO 2 0 1,!) TO 1.1 0

10 TO 12 3? To 19 0 1.1 TO 1.2 0
- 12 Tr 0 t 3 0 TO OS 0 1c? TO 1.3 0

1- 70 1f 45 TI) 52 0 1 3 Ti 1.a 0
16 TO 17 5? Tn 15 1 1.a TO 1.5 0
17 T(1 20 55 TO AS 4 1.5 TO) 1.6 1
? 0 Tf 22 69 if 72 3 1.6 TO 1.7 1
22 TO0 ? 4 7? TO 79 0 1.7 10 1.8 3
24 TO 26 7,A To A 5 2 1, Tn 1 .9 0
2b TO ?8 8 To q1 1 1.9 TI) 2.0 1
"28 TO 30 qi TO 98 0 P,0 TI) 2.'4 5
10 TO 32 q9 TO 104 0 2.0 TI) 2.6 O
32 TO 3, 1 0 TO 177 0 2.h TI) P4.8 0
39 11) '45 127 TO 147 0 ?., TO 3.0 0 A
45, TO 55 "11147 Trl 180 0 3.o TI) 3.5 0
I55 T0 71 180 TI) 212 0 1.5 T) a,0 0

71 TO 100 23? Tiu 3?8 0 4 .• TO) 0.% 0
-OVER 100 OvER 328 0 O 4' S 0

3.5-131
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P 123 P 323 P 523
L I

dwO

P2

• .0 4D

40 -
o

L 8 1 750 ft

Area: Conifers (Wavelength =4.5 - 5.5 pam)

Temperature Threshold = Mean + 2.17a

t Mean ý 277.58 Kelvin
Std. Dev. = a = 0.63 Kelvin

SEQUIVALENT ELLIPTICAL AREAS -NOON

- 3.5-132
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LERIM

CONIFERS (Noon)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 2.17 a1

SQUARE METERS FREQUENCY Wavelength 4.5 - 5.5 um

Mean = 277.58 Kelvin
8.0 TO 10.0 2?

10.0 To i5.0 34 oa 0.63 Kelvin
15.0 TO 20.0 19
20.0 TO ?5.0 44
25.0 TO 10.() S
30,n TO 35,0 il
p,.0 TO 40,0 1

-54.0 TO 10.0 1
50U0 10 75.0O 2
75.0 Y(1 100.0 0
100.0 TO 1,0.1
1.0 .0n TO ?00.0 0
' 200. ) Tr) 2S0.0 0
ps0.0i To l00.0 0
300 .% TI0 4 (10.0 0
4-00.0 i •l 500.00

OIVER 500.0 0

TOTAL NUMBER OF ELLIPTICAL ARFAS - 93

--06 FEATUIRES WITH APEAS LESS THAN 8.00 SQ. MAETERS WERE ALSO Rf.OGNIZEO

BY PERIMETER BY SHAPF

METERS FEET FREQUENCY SHAPr &'ACTOR FREQUENCY

0 TO D 7 6 t) 22 .0 0.0 TO 1.0 0
7 TO 10 22 TO 32 0 1.0 TO 1.1 0

10 TO 12 3? TO 39 0 1.1 TO) 1.2 1

12 TO 14 30 TO 415 8 I.? TO 1.3 11
14 TO 16 ,.5 TO 92 0 1.3 TO) 1.4 15
"16bTO 17 52 T) S5 25 1. 4 TO 1.5 7
S17 To 20 99 TO 65 Ib 1.5 To 1.6 1i

20 TO 22 6; 1)0 72 9 1.6 TO 1.7 14
22 10 2a" 7? TO 78 0 1.7 )n 1.8 11

2'. 10 2h 78 iu ,3 9 1.8 TO l1. 3
26 10 28 14 ; Toi 1 3 1.q TO 2 0 5
28 10n 30 q1 T1l 98 7 ?. TO 2.'. 2.4
30 TO 32 98 TO) 104. 0 2.0 To 2.62
32 T0 3 100a TO I?7 8 p.6 TO 2.8 0

39 T0 4S 127 TO 1147 3 2.8 TO .0 0
414 TO 5 1p 1f1 10 0 2 3.A TO 1.5 1
5s in 71 1io Io 232 2 3.% TO a.0 0

71 TO 100 Z23 Ill 328 0 * £.0 Ti) &1.,5 0
OVL R 100 OvER 3?8 1 OVER '..S 0

3.5-133

1>=

k%
L- . . .



YERIM

P 123 P323 P 523
L -I

T u T

L 384--
S1I750 ft

. Area: Conifers (Wavelength =4.5 - 5.5 pJm)

Temperature Threshold = Mean + 2.79 a

F •Mean = 277.58 Kelvin

Std. Dev. = o = 0.63 Kelvin
EQUIVALENT ELLIPTICAL AREAS - NOON

t 33.5-134
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2LERIM

CONIFERS (Noon)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mean + 2.79 c

SQUARE METERS FREOUFNCY Wavelength = 4.5 - 5.5 pm

Mean = 277.58 Kelvin
t8.A TO 10.01

10.0 Tn 15.0 3 a = (.63 Kelvin
15.0A To 20.0
20.0 TO 25.0 1
25.0 TO 30.0 0

: 30.0 ) 0 3P,0 0
1 35.0 TO 40(.0 0

'i0.0 It) 405. 0 0
s0b.0 To 50,0 0

S 0.0 Ti! 7,.0 0
75.0 TO 100.0 0

10O.0 T1I 15n.0 0

,50.0 TO 2 00.0 0

200.0 TO 25o .0 0
2, 250.0 T0 300.0 0
30 0. nfl £100.0 0
400,0 TtJ 5o0.0 0

"- - lOVER SO0.O 0

TOTAL NIMBER Oý ELLIPTICAL AREAS 8

67 FEATURE.J WITH AREAS LESS THAN 8,00 SQ. METERS WERE ALSO RLCOGNIZED

BY PERIMETER BY SHAPE

4 METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 10 22 0 A.0 T CO 1o.0 0
7 TO 10 22 TO) 32 0 1.0 TO 1.1 0

1o TO t12 32 TO 3q 0 1.1 To 1.? 0

_12 TO 14 30 TO 415 1 1.2 TO 1.3 2

14 TO Ilb u TO 52 0 1.3 TO I.u I

16 TO 17 52 TO. 55 ( 1.0a NI) 1.% 0

17 To 20 55 T10 65 0 1.9S TO 1.b 3

20 1) 22 65 Ti0 7e 1 1.6 TO 1.7 0

2,e Tf) 2a 7? TO 78 0 1.7 T) 1.8 1

_24 T') 26 YP T) 85 0 1 . TO I.q 0

S26 TO 28 85 TO 91 1 1.9 10 2.0 0

26 TO 0 s Q¶ TI I 04 1 2). 0 TO 2.4 1

30 In 32 q g i 10n 0 ?r. TO 2.6 0

32 if) 19 10r0 TI) 1?7 0 ?.,h TO 2.8 0

39 TO 45 127 TO 107 0 2,.8 Ti 3.0 0

4S TO 55 I j TO 180 0 3,0 TO ,., 0

""5b i0 71 180 To 212 0 3.s TO 1a.0 0

71 TO 100 232 10 326 0 1,0 4TI 4.5 0

- OVER 100 nVfR 328 0 ' FVER 4,5 0

3
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P123 P 323 P 523

4b4

0

o b *

& OP

'p V

0 m

L 384 j

1750 ft -•

A

Area: Conifers (Wavelength 9.0 - 11.4 prm)

Temperature Threshold = Mean + 2.07 a

Mean = 278.68 Kelvin

I, . Std. D'-\. = a 0.94 Kelvin

EQUIVALENT ELLIPTICAL AREAS - NOON
A
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CONIFERS (N,.on)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 2.07 aj

SQUARE METERS FREOUENCY Wavelength = 9.0 - 11.4 pm

Mean = 278.68 Kelvin
8.0 TO 10.0 3c

10. 0 TO 15.0 28 -- 0.94 Kelvin
15.0 To 20,0 13
20.0 TO 250 C6
25.0 TO 10.0 6

1.3A.0 TO 15.0 1
5 3S.6 Tt LTo0 I

- 0.0 TO 145.0 4l
iS.A 10 i ;0n. 0

50.0 To1 75.0 0
7 S/.0 TO 10(1.0 0

100.0 It) s".o0 0
150.0 71o Ž00.0 0
200.0 TO 2,0 10
?5 20.0 TO 300.0 0
300.0() w L0n10, 0

S. 400.0 TO snO, " A

"OVER So.0 o1

TOTAL NIJMBER OF ELLIPITCAL AREAS = SQ

500 FEATURES WITH ARFAS LESS THAN 8.00 5Q. METERS WERE ALSO RECOGNIZED

BY PEPIMETER BY SHAPE

METERS FtLt FREQUENCY SHAPE FACTOR FREQU)ENCY

0 Tn 7 0 TO Ž2 0 0.0 TO 1.0 0
7 Tn to 2? TO '12 0 1.0 TO 1.1 0

10 TO 12 3? Tn 'o 0 1.1 TO 1.2 I

12 TO) 14 39 TO 0 I5 10 1.2 TOU 1.3 12

14 I0 16 'I5 TO c, 2 0 1.I TO 1.0 9

1 110 17 c2 TO 55 20 .14 T(I 1.5 2

17 TO 20 5S TO 65 16 1,5 TOI .b 15

20 Tn 22 hc5 TO 72 t0 1.6 1(} 1,7 8

22 10 24 71 ? T 78 0 1,7 TO 1.8 18

24 TO 2 b 7, TO 5 7 A T0 1. 7

26 TO 28 8S TI) 91 3 .Q TO 2.0

28 10 30 ot to 9n 2.0 TOD 2.0 13
10 TO 32 q98 TO 1•4 0 P.0 ToL ?.6 0

32 TO0 •9 104 T7( 1?7 13 P.6 TO 2.8 0

3q 10 its "9?7 TO 147 . pR TO 3.0 0

4 t9 In13 95 17 TO IA0 4i 1.0 TO 3.5 0

95 1• 0 71 1IMO TO 212 0 J.5 TO d,.0 0

71 1 () 100 ?3? TO 328 0 4.0 TO i 5 % 0

1.UVIR to0 Ov0R 3P 8 0 AvFR 4.5 0

3 5-137
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'~. 4

L 384,!

S• 1 750 ft

Area: Conifer-. (WavelenSth 9,! - Ii,4

Temperature Threshold = Mlean + 2.71 rj

, Mean = 278.68 "elvin
I'" Std. Dev. =o =0.94 Kelvin

SELQUIVAENT ELUIPTICAL AREAS -NOON

-3.5-138
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CONIFERS (Noon)

DISTRIBUTION OF ELLIPTICAL AREAS GREATEP THAN THRESHOLD

HiV ARFA Threshold Mean + 2.71 .

SQUARE METERS FREQUENCY Wavelength = 9.0 - 11.4 u•r

"Mean = 278.68 Kelvin
8.0 TO 10.0

•0.0 1 1S.0 • 0.94 Keivin
1S.0 TO 20.0 0
-20*0 TO 25.0 0
-2.0 TO 30.0 0
30.0 TO 35.O 0
3L .0 TO AO .O 0

S0.0 T7) 75.o 044SO TO Si.O0

75.0 TO 100.0 0
100.0 TO 15c,, 0 0
150.0 TO 20)0.0
200.0 Ti) e50.0 0
250.0 TO 3(16.0 0
300.0 T7r) ,0o. 0 0

. '-00.0 TO 509,0 0

=TOTAL M•NBER OF ELLIPTICAL AREAS - 3

59 FEATURES wITH AREAS LESS THAN 8.00 S0. METFRS WERE ALSO RECOGNIZED

HY PERIMETER BY SHAPF

MfTE F! FEET FREQUENCY SHAPE FACTOR FPEOUENCY

0 TO 7 0 TO ? P2 0 o.' TO 1.0 0

7 TO 10 ?? TO 32 0 1,0 TO 1.1 0

10 TO 12 3, To 39 0 1.1 TO 1.2 0
12 " f) 14 19 Tn o5 1 1.2 TL) 1,3 1

14 TO 16 4%' TI) 5 0 1.3 TO n14 1
16 10 17 5? T 0 5 . 4,Ti 1'J .I 0

17 TO 20 5S TO 65 0 1.5 TO 1,b 1

20 TO) 2 6 5 yO 72 b 1,6 TO 1.7 0

22 TO) 14 . 7? TO 78 0 1.7 TO 1.8 0
24 ? 6 7~ AO -f A5 0 70 . A 9 0

26 t,10 ?h 8r-. To 91 1.• T9 2.0 0

2 H TO") 30 q I9 n 9T 0 2.0 I) '. 4 0

30 10 32 9A III Ioi 0 2.4 I) 2. c, 0
3d TO 39 10o I I 127 0 2.b To) 2. 0

39 10 D 45 1?7 TO 101 0 P., TO 3.0 0
415 L I) S5 1t4 7 TrJ Isn 0 3.0 Te 3.5 0
55 T11 71 180 TO 212 0 3. TO T1.0 0

71 Ti! 100 23Ž TO ) 0 £,n TO ' . 0

OVER 1O0 flVtR 3,,13 0 (IVR 4,5 0

3.5-139
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Li - C:-

0,

0.

I 10 0
- I,

001

L384-"

' 175 ft --

Ae:Conifers (Wavelength =4.5 -5.5 jim)

Temperatulre Threshold -- Mean + 2.00 a
Mean = 275.40 Kelvin

I" Std. Dev. - o = 0.17 Kelvin

EQUIVALENT ELLIPTICAL AREAS - SUNSET

3.5-140



Maii

CONIFERS (Sunset)1
ADISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESIOLD

BY ARFA Threshold Mean + 2.00 o
SQUANE METFRS FREOUENCY Wavelength = 4.5 - 5.5 1m

8.0 T 10.0 19 Mean = 275.40 Kelvin
10.0 0o 15.0 39 o' 0.17 Kelvin
15.0 TO 20,0 Inl
2111.0 TO ?5,0 . .

5, TO 310.0

35.0 Tn '.0

405.0 TO 41o.o 0
50.0 To 75*o LIS7• n ) I nn LI
79.0 To 10.

100.0 TO 1½0.O 1
1S.O 14) .00.0 0
P•oo A TI) 2•n.0 1

300.0 TO 40•.( 0
'"40A.0 I) T00,0 0

OVFR 50.0 0

TOTAL. •U[IER OF ELLIPTICAL ARFAS - 103

SOS FEATIJRFS WITH AREAS LESS THAN 8.00 30, METERS WERE ALSO RECLiOWYZED

1eY PERIMEIER BY SHAPE

METERS F FE vT F REQU NC Y SHAPE FACTOR FREGUENCY

0 TO 7 0 TOf 22 0 0. To 1 .0 1

7 TOn to ? T() 3? I 1.0 TOI 1 .
10 TO) 12 3? To 39) 0 1 .1 TO 1 .2 3
12 ITO 1 3q T n as 6 1. 10 .1 5
I 1l TO 16 4jS TI) %2 1 1.3 TO .1
16O 1 17 5? T1 S. IS 1 TO 1.5

t 17 TI) ?0 5-,g 615 19 1.9 TI 1.6 1
20 TI) 22 6 Tn 72 14 1. h10 13,0
?2 TO ?" /2 To 70f 0 1 .7 T0 1 .8 1
2? Iii 20 7A TeI MS 6 1M KI1) 1.9 A
? b TO 28 F85 TI) Qj 4 j1 TI]0 2.0a
28 T1) 30 01 T) ( 98 6 2,0 ? .4 10
30 TO) 3e qA T0 10(14 0 ."1)) h 7
S? TI) -49 1 Q TO( 1?7 7 26103 2.8 3
39 TI) (i1 IA If) 1"? 1 ? 10 3.0 I.

In5 Tf 55 a7 To I 3An 7 1,0 TiO .5 3~b TO 71 180 TI 212d 39T '.
71 TO 100 23? TO( 328 n 4, TU 4's 0
I)Vf R 100 liVFR 3S 4 OVFR 4.5 0

~~3.5'-141i
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/ a.

, U,

L3 -142

i °i

Area: Conifers (Wavelength =4.5 - 5.5 1rn)

S~Temperature Threshold = Mean + 3.?4 a

S• ~Mean = 275.40 Kelvin -

• 1 S td . fO ev . = o = 0 .1 7 K e lv i n•
SEQ4UIVAI ENT ELLIPJICAL AREAS SUNSET
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ERJM

CONIFERS (Sunset)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold Mean + 3.24 o

SQUARE MfTFRS FREOUENCY Wavelength 4.5 - 5.5 •m

T. Mean = 275.40 Kelvin8.0 To0 10.01

10.0 TO 15.0 2 o 0.17 Kelvin
15.is TO 20.0 3
ZO.O TO 5.0 0
z..0 70 30.0 0
30.0 To 35,0 0
3S.0 TO 4o.0 0
"40.0 TO 45.0 0

45. TH so .0
50.0l To 75.0 0
7S.0 To 100.0 1

100.0 TO 10 .f, 0
tI5.0 TO 200.o 0
?o 2o.o TO 25U.0 0

V, ..0 TU 3oo.0 0
4. 300.0 TO Hno.0 I

40A.0 Tu 500.0 0
OVER soo.0 0

TOTAL NU•btR OF ELLIPTICAL ARFjS - 8

21 FEATURES WITH AREAS LESS THAN 8.00 8S. METERS WERE ALSO RECOGNIZED

BY PLRIMETER BY SHkPE

METERS FEET FRrQUENCY SkAPE FACTOR FREQUENCY

0 To 7 0 TO 02 0 0.0 TO 1.0 0
7 TO t0 22 To 32 0 1.0 TO 1.1 0

10 TO 12 3? TI1 19 0 1.1 TO 1.2 0
12 TO lo 39 TO 4 5 0 1.2 TU 1.3 1
14 TO 16 92 T{ 52 0 1.3 TO I.A 0
16 TO 17 132 T11 55 1 1, TO 1.5 0
17 TO 20 55 10 65, 2 .9; TI) 1.6 1
20 TO ?2 65 TO 72 0 1.6 1 Q 1.7 2
22 TO 24 7 ? TO U 78 0 1.7 TO 1.8 0
24 Tl ? 6 7A TO A, S A TO 1.9 0
26 TO 28 8 % TO 91 0 1.0 TI) 2.0 0
28 TO 30 Q1 TO 98 0 ?10 TO 2.1A 2
30 11) 32 9S TO 104 0 A TO ?16 1
?. T-i 39 104 T L 1? 71 2.6 TO ?,R 0

3,, TO 45 127 TO 1l4 0 2,8 T(I 3.0 0
-S T 0 55 147 Ti) J'0 0 3.0 TO 3.5 1
5s 10 71 180 TO 332 0 3 L, iT C.0 0
71 10 100 2o3P TO 3?8 0 0.,O in '.5 0

OVER 100 OVHR 328 2 OVER 4.5 0

3.5-143
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00
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0

SI*° •' 
a-• • ,

L384 -

_,,__.______________-__

L 3 
1750 ft

Area: Conifers (Wavelength 9.0 - 11.4 im)
Temperature Threshold Mean + 1.50 a

Mean = 275.44 Kelvin

Std. Dev. = = 0.26 Kelvin

EQUIVALENT ELLIPTICAL AREAS - SUNSET

S3.5-144
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SRIM

CONIFERS (Sunset)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD
+I

BY AREA Threshold = Mean + 1 .50 c =1
SQUARE METERS FREQUFNeY Wavelength 9.0 - 11.4 pmr

Mean = 275.44 Kelvin: B .c TO 10.0 •81.0 TO 10.0. 6 a = 0.26 Kelvin

30.0 I') 33.0 6
35,0 To 2t0.0 7

S50,0 TO 25.0

•+~~ Ion TO l o 6S11.T 0 50.0 0
7S.0 To 1"O.0 73

100.0 o TO6
150.0 Toj 20o.o 0

'00.0 To 2r50.0 I

250.0 To 301.0 0
300.0 1o ano0. 3
0 0 0.0 TO 5n00O I

4 OVE1- P Qn 02

TOTAL NLIBE.R OF ELLTPT"CAL AREAS - 202

542 FEATURFS WlTH AREAS LESS THAN 8.00 $0. METERS WERE ALSO REC(IGNIZEr)

iBY PEPIMETER BY SHAPE -•

METLRS FEET FREQUENCY SHAPE FACTOR FREUUENCY

0 TO 7 0 TO 22 0 0.0 TO 1.0 2
7 TO to 2 TI 32 1 1.0 TO 1 .1 1

10 in 12 3? TO 39 0 1.1 TO 1.• 11
12 TO 14 31 Tn Lis 21 ,I T0 1.3 25
I M TO Ib 145 TU 52 0 1.3 TO 1.a 27

6b TO) 17 5? T0 55 36 .J TO 1.5 q
17 TO 210 55 To 65 19 1.5 TO 1.6 ?6S20 TO 22 65 TO 72 22 .b .1t) 1.7 18
22 in 1 " 72 TO 78 0 1.7 TO 1.8
;)4 TO 26 7A TI A Ps 15 1.4 TO 1.9 1i?b T7) 28 8: TO 01 16 t.9 TO 2.0 6
28 To 30 1t Tn 98 8 ?.n TO .4 P0
30 Ti 32 QA TII 104 0 2. U TU P. ,
3Z TO 39 10 J To 127 16 2.6 TO 2.8 5
:.9 in 145 .127 T o 1£17 1 1 2.A 10T 3.0
'45 TO 55 147 To JPO 12 ".,f TO 3.S 3
,55 10 71 180 Tin 2_2 8 1.5 TO U.0 0
71 TO 100 o ?2 To 3?8 8a 4,0 TO .5 2

L)VLL-' 100 OVF R 3?8 wvER 4.5 3

3.5-145
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P 123 P323 P S23
LI- _

S/ _= -4

L384. J_

1750 ft

Area: Conifers (Wavelength 9.0 -11.4 p'm)

Temperature Threshold = Mean +- 3.00 o

Mean = 275,44 Kelvin

Std. 0ev. =o 0.26 Kelvin

EQUIVALENT ELLIPTICAL AREAS -SUNSET
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CONIFERS (Sunset)

k DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

L by AREA Threshold = Mean + 3.00 a

SQUARE METERS FREnUENCY Wavelength = 9.0 - 11.4 vIm

Mean = 275.44 Kelvin
8.0 TO 10.0 2
10.0 TO 15.0 a 0.26 Kelvin
-15.0 TI) 2o.0
20.0 TO 25.0 0
2,.0 TO 30.0 1
30.0 TO 3S.0 0
3%.0 TO 40.0 0
40.0 TO 45.0 0
045.0 TO SO . o
o0.0 TO 75.c 0
7 5.0 TO 10)0.0 0
10 0 TO 15o.0 I
150.0 TO Pnn.o 0
?0 0 .0 T 0 250.0 0
250.0 TI) 300.0 I
300.n To U 0

t MQQ~f TO0 9non 0
- OVER 500.0 0

TOTAL NUMBER OF ELLIPTICAL AREAS - 9

2!3 FEATURES: WITH AREAS LESS THAN 8.00 80, METERS WERE ALSO RECUOGNIZFD

BY PERIMETER BY SHAPE

METERS FEFT FREQUENCY SHAPE FACTOR FREQUENCY

1 0 TO 7 0 T 7 P2 0 0.0 TO 1.0 0
7 TO 10 ,2 T11 32 0 1.0 TO 1.1 0

10 TO 12 3p T(I 3q 0 1.1 TO 1.? 0
12 TO 14 3q T0 u 0 1. ? "U 1,3 0 1ItI TO 16 5 t Tfl 5 2 0 1. TO 1.T 1•
16 10 17 5? Ti) S 5 1 I A TO 1.5 .
17 Tn 20 S% Tn 6S 2 1.5 TO 1.6 1
•0 11) 2Z h1S To 72 1 1., TO 1.7 2 1
22 loi 2 , 72 Tf 78 0 1,7 TO 1.8 0
doT) P. b 7A T n AS I 1 .4 TO 1.9

2 6 TO P? #S To qI 0 1.9 TO 2.0 0 1
T d T n o 1 to [ 9 2.0 10 2.4 1

3 0 To 32 98 To 1 n4 0 2.1 TO 2.6 1
32 T 39 10ou TO 1?? 0 2.6 7T 2.0 1

39 TV 0 45 ~27 To 147 0 2.A TO 3.0 0
015 TO 55 14.7 Tfn IRO 1 3.0 T0t 3.5 0
155 71 1 180 TO 232 1 3.5 TV U4.0 0

S71 To 100 ?3? TI 3-8 0 u.0 TV t.S 0
O VER 100 fiVEr 328 1 r1VFR M.5 0

3.5-147
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L384
*•-----1750 ft

Area: Conifers (Wavelength =4.5 -5.5 1,m)

• Temperature Threshold = Mean 4- 1 .40 co

, = Mean = 274.98 Kelvin
•- :•Std. Dev. = o = 0.14 Kelvin

, • EQUIVAL.ENT ELLIPTICAL AREAS -MIDNIGHT

*.', " " 5 -148
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CONIFERS (Midnight)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

HY AREA Threshold =Mean 1.40 o
SQUARE METERS FREPOUEHCY Wavelength =4.5 -5.5 jrn

Mean 274.98 Kelvin
8. o 15. 0 SQ 01 Kli

10.o to 0.1
35.0 TQ 20.0 22 =

20.0 To ?590 1
25.0 To0 30.06
3 0. 0 To 35.03

1..~~ 30. T. 000(
450.0 To 0aSt ,

"".0 TO solo 0
S90.0 1(1T 75.0 0
795.0I Tiv 100.0 0

100.0 10 190.0 3
150.0 TO 200.0 0
200.0 To 29;0 .0 n0
?bo.o T o 300.,0 40

4100.0 1 0 "00.0 0

O lVER 5on.o P

TOTAL NUKB.3k OF ELLIPTICAL AREAS - 163

.2022 FEAILIRES wITH AREAS LESS THAN 8,00 30. METFRS WERE. ALSO RECOGYNIZEC

13Y PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

00 70 0 To 72 0 fl,0 TOl 1.0 0

10 TO 12 3? To 39 0 1.I T0 1 .2> 2
12( To 110 391 TO a 15 1 TOr 1.3 1

litTO b 0 TO 52 1. TO 1.0 4
16 To 11 7 52 To 59 29 1 0 TO 1.5 3
11 1(o 20 09 61 A 36 1, T 1.6 2
10 70 22 b0% To 72 in 1 .6 Tn 1.7 13
2? TO 2. 7? Tio 78. 0 1.7 TO 1.6 31
Ž04 10 2b6 f 70 1 A 5 9 1.8 TO t.9 10

26 '] 21) 85 TO0 91 .S1. 11 . 10
Ž0, 10 Q0 1 T(I 9 5 6 2,n To e.4 ?b
3D 70 3Ž q98 710 1 a 0 .41 TO ?.6 10
32 it) 39J 104 TO 1?7 ;1Z P.6 ) ) 2.3

127 1O it i4It lt 2 2.0 TOL 3.02
u15 10 n 95 ir TO 100A 7 3.0 TO 3.S
55 19 71 1601 212 0 3.5 70I 4.01

*71 10 too 2S? To 326 '1*0 10 4.5 0I.v R tooN10 (IV R 328 .,OVEN 40.5 0

3.5-149



P 123 P 323 P 323
iLi -, I

L

T0

-- I

L384 - _
1750 ft

Area: Conifers (Wavelength = 4,5 - 5.5 jim)

Temperature Threshold = Mean + 2.00 o
Mean = 274.98 Kelvin

Std. Dev. = 0.14 Kelvin

EQUIVALENIT ELLIPTICAL [.REAS - MIDNIGHT
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CONIFLRS (Midnight)

DISTRIBUTION OF ELUIPTICAL AREAS GREATER THAN THRESHOLD

MY ANFA Threshold Mean + 2.00 1
SUUARE METFRS FREnUENCY Wavelength = 4.5 - 5.5 11m

Mean = 274.98 KelvinS .o To) 10.0 0

10.0 10 15.0 a = 0.14 Kelvin
15.0 TO 2.0 1.
20.0 TO 25.0 2
-29 0 TO 30.0 1
3n.0 Ti] 3S.00
35.1 T( a0.o 0
00,04•. Yfl 5, 0
445 .0 TO 50.o 0
S50. TO 71.0 0
'5.1 To 1n.0 0

100.0 TO i5oc 0

150.0 TO 20o.0 02, u• 0. D To ? S t,0 0
250.n To 30o.0 0

3 0V . n TO no.O 0-~~ . C, T L) , . (
S OVER 500.0 0

TOTAL NURUIER OF ELLIPTICAL AREAS . 7

139 FLATURLSl .ITH AREAS LESS THAN 8.00 Sr.. METERS WERE .LSO RECOrNIZFD

-jY PERIMETER BY SHAPF

METERS FEET FREOUENCt SHAPE FACTOR FREGULNCY

o' TO 7 0 TO 72 0 0.0 TO 1.0 0
7 TO 10 P? Iii 32 0 1.0 TO 1.1 0

10 TO1 12 3," TO 39 0 1.1 TO 1.2 0
12 TO 14 30 T,) 05 0 1.? TO 1.3 0
10 TO b 45 TO 52 0 1. TO I1. 0
lb TO 17 9? co 0 1.Q TO 1, 5
11 7TO 20 S% Tn 65 STO 1,6
2o0 iT 2 6%ý Tfl 72 3 1.6 TI] 1.7 .
22 7') ? 4 7 ? 7,7 784 0 1. c 1

42 TO 26 7e 0 1.7 TO 1.9 1
2b 10 f6 6% Tt 01 0 8 10 ".0 I
28 If ,0 10 l 1n 98 0,.0 1 ) 2. 1
3 u yeý 32 '?M A -,0 0 2.4 TJ T J
32 T1 39 104 Tn 127 1 2." tO 2.14
39 40 LJ5 127 10 lo7 1 2.8 7(1 3.0"4"5 TO 55 1 17 TO iA0 1 n.0 1L] 5.5 0
55 TO 71 1W) TO •2Q 0 L.; -0 4..- 071 TO 100 t3o TO Y) 5 0 1A QT) . 1.. 0

OLVER 10 u 1VFR_ 3p 0 0V4R_ 1 4.5 0

.3 1

S~3.5-151
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P 123 P323 P 52S

LI -l

0o 75`0 f #

9a

Area Coifr Wae ngh=90 - 1, "•)

Vd

Temperature Threshold = Mean +- 1.19

, Mean = 274.76 Kelvin

* a.

Std De.0?4Kli
EQUIVLENTELLITICA ARES MINIGH
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CONIFERS (Midnight)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 1.19 a

SQUARE MFTFRR FREQUENCY Wavelength 9.0 - 11.4 jim

Mean 274.76 Kelvin
8.0 TO 10.0 Kv
10.n To Itu 8. o 0.24 Kelvin
15.o To ?.

- 20.0 TO P5.0 32
ZS .0 TO 30.0 1
30.0 TO 35.0 11
35•.0 To ,40.0 S
tiQn.o T 0 0

419.0 To S 0.0 2
50.0 To 7-.0 1.
7i.0 T[ 100.0 1

100.0 Tj ISo..0
IO.0 TO 2no.0 I

2b0.0 T0 1 n.00 1
3 00.0 To 400.0 0
400.0 TO o0.o 0

E0fOAL NUMBER OF ELLIPTICAL AREAS Ž6?

118S FtATURE5 WITH AREAS LFSS THAN 8.00 S0. liFTFRS WERE ALSn RECOGNIZED

BY PRPIMETER BY SHAPE

METERS FEET FRE(UUENCY SHAPE FACTOR FREQUENCY

0 Tri 7 0 Tn 22 0 0,0 TO 1.0 0
7 TI 10 2? TO 32 0 1.0 To 1.1 0

10 TO 12 3? TO n ,q 0 1 1 TO 1.2 4
1? TOr 14 39 Ti '45 13 1a TO) 1.3 17
I 1 TO 16 '49 T1 %2 0 i n, 1.' 4 1,
l ) TO 17 Is? TO Sb 31 1, 7 TO 1.5 10
17 TO 20 5S TO 65 45 1.9 TO 1.6 30
Ž0 TO 22 69 Ti) 72 25 1.6 TO 1.7 32
2 2 TO In 4 71P Tr 7 0 1, 7 TO 1.8 37
24 10 2b 78 TI) F1 27 ¶7R TO 1 .9 15
t26 10 28 85 TI) 91 20 1.9 10 1.0 25

AŽ?5 if) 30 r4 T(I 98 16 Ž 0 TO 2.11 £14S
30 TO 32 AM TO 1Q0 0 2,TO 0." 9
32 1n 39 1Oil TI) 1?7 ?9 P.6 TO 2.8 9
39 TO '45 10!7 TI'O Jiu 16 .8 TO 5.0 5
'45 TO2 b 1L7 TO IO 17 3.0 TU 3o5 5
55 10 71 180 O o 23;•2 6 1., TI) 7 .0 2

1. 71 TO Iv0 PiP T(I 3;m 10 4.0 TO t.5 2
(IOVER 100 nVfw 3P' 7 (IFH 4J.5 1

3.5-1531
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P123 P 3223 P523
Li1

tA
eT

Q

1750 ft

Area: Conifers (Wavelength 9.0 -11.4 3jm)

Temperature Thehl Mean + 1.50 u

Mean =274.76 Kelvin
Std. Dev. = u = 0.24 Kelvin

EQUIVALENT ElLI1PTICAL AREAS -MIDNIGHT
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CONIFERS (Midnight)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN TIIRESHOLD

SY AREA Thre•hold Mean + 1.50 o
9SOIIARE MFTERS FREnUENrY Wavelenqth = 9.0 - 11.4 1an

Mean = 274.76 kelvin
8.0 TO 10.0 5
10.0 To i1.o s o = 0.24 Kelvin
15.0 TO 20r). n
20.0 TO 2,3.0
e%. 0 TO 30.0 I
30.0 TO 350 ¶
it .O To i05.O 0
qn0.o TO "'i .o 0

S30.,) TO 75.O 079.0 1U 10i.0 0
o00.0 T) I7r0.o o

1 50.0 TO T ?1.0 0
200.0 TO ) no. o0A). 2on TO >5n~ 1)
300 o. 70 TO no o. 0

- 00. . Ti) Sýo.O n
IVER "0nA.0 0

TOTAL N&1.LBE.R OF ELLIPTICAL AREAS i9

1q9 FEATIURES WITH AREAS LESS THAN 8.00 S9. METERS WERE ALSO RECOGNIZED

OY PERIMETER HY SHAPE

METERS FEET FREQUENCY SMAPE FACTOR FRFUUENCY

0 TO 7 0 TO ?2 0 0.0 TO 1.0 0
7 To 10 22 To 32 0 1.0 TO 1 1 0

t10 TO 1? 32 T() 3;9 0 1.1 TO 1.2 1.S12 I 114 30 TO 4u5 3 1.2 TO 1.3
14) TO) 16 14% TO n c2 0 1.3 TO 1.4 2
t16 TIn 17 5?P TO 55 2 1.G TO 1.5 0
17 TO 2,0 55 TOn 65 2 1. Ti) 1.6 1
20 IL ?pe 1ý, TO 72 1 l1b 7') 1.7 0
22 Tn 214 7? Ti) 78 0 1.7 TQ 1.M 3
p24 if) 26 78, TO 85 2 1.8 IL) 1.9 1
26 TO 8 MS-; TO n 1 1 1 9 TO 2.0 2
28 Trn 30 91 TO 48 0 *0 TO 2.0 1
30 TO 32 ) i Ti) 1 , 1 0 ?.' TO 2.6 1
3 2 TIL) 39 1o4 in0 IP7 2 2.6 Ti 0.8 0
39 to •', 127 T[O 147 1 150 TO 3.0 0
"4 s TO" t ;5 141 TI 180 0 3.0 TO 3.5 1
55 10 71 i80 in 232 0 3.9 TO 4.0 0
71 liI 1O0 ?3? Tn 3?8 1 1,.0O m i U4.5 )

SOVER 100 lVU k 32'S 0i OVER 4.5 0
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MICHIGAN WINTER SCENE - CONIFERS

Power Spectra

Spectral Bands: 3.5 - 3.9 vm
4.5 - 5.5 Pm

1• 9.0 - 11.4 Pm

I3
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MICHIGAN WINTER SCENE - FARMLAND

Means and StandardA Deiations for Spectral Bands

Correlations Between Spectral Bands

Spectral Bands: Channel 8: 3.5 - 3.9 pm ('K)

Channel 10: 4.5 - 5.5 im ('K)

p. Channel 12: 9.0 - 11.4 pm ('K)

t

3
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ýERIM

SFARM-LAND -PRE-DAWN

A

SNumber of Subregions: 1 A•

- Line Increment Used: I
SPixel Increment Used; I

SCorrelation Channels: 10 (4.5 - 5.5 Pm)

S~12 (9.0 - 11.4 pm)

S~ 90' Depression

:• ~~Pixel Subarea Divisions At: 123 523.. .

7=Li,,e Subarea Divisions At: 1 385

Correlation 10 12

1 0 i . o r)0

12 0.765 1.000

SChannels 10 12 t }•J

SMean 2.7455E+02 2.7407E+02 Ai

SStandard Deviation i. 4660E-01 2.2202E-01.

Total Points 154000. 154000.

S~350 Depression

NPixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 1-2

1(0 1.000

l 1 0.840 1.000

Pie Sbre i isin At 2 23

lChannels 10 1

Mean 2.7445E+02 2.7407E+02

Standard Deviation 1.5195E-0l 2.4940E-01

Total Points 84400. 844000.

35 ee3.5-174
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FARMLAND - NOON

Number of Subregionu: 1

Line Increment Used: 1
Pixel Increment Used: 1
Correlation Channels: 8 (3.5 - 3.9 jm)

10 (4.5 - 5.5 pm)
12 (9.0 - 11.4 pm) A

90 Depression

Pixel Subarea Divisions AC: 123 523

Line Subarea Divisions At: 1 385

Correlation 8 10 12

8 1.000

1, 10 0.174 1.000

12 0.266 0.607 1.000

Channels 8 10 12

Mean 2.7966E+02 2.7662E+02 2.7723E+02

Standard Deviation 4.2649E+00 9.4517E-01 1.2254E+00

Total roints 153200. 153200. 153200.

35' Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 8 10 12

8 1.000
10 0.315 1.000

12 0.396 0.687 1.000
I - !

Channels 8 10 12

Mean 2.8104E-;-02 2.7736E+02 2.7791E!4+02

¶ Standard Deviation 3.4479E+00 1.0462E+00 1.4930E+00

Total Points 83600. 83600. 83600.
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'4j
FARMLAND - SUNSET

Number of Subregions: 1 1
Line Inc;..imcnt Used: 1
Pixel Increment Used: I E
Correlation Channels: 10 (4.5 - 5.5 pm)

12 (9.0 -- 11.4 vim)

900 Depression

Pixel Subarea Divisions At: 123 523

Line Subaiea Divisions At: 1 385

Correlation 10 12

4 10 1.000

"12 0.744 1.000

Channels 10 12

Mean 2.7501E+02 2.7479E+02

Standard Deviation 2.8952E-01 4.0305E-01

Total Points 154000. 154000.

350 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

SCorrelation 10 12

10 1.000

12 0.844 1.000

Channels 10 12

t_ ean 2.7502E+02 2.7470E+02

Standard Deviation 2.9582E-01 4.5508E-01

Total Points 84400. 84400.

3.5-176

. .-- -N



MERIM

FARMLAND - MIDNIGHT

Number of Subregions; 1

Line Increment Used: I 1
Pixel Increment Used: 1

Correlation Channels: 10 (4.5 -- 5.5 pm)

12 (9.0- 11.4 pm)

90° Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385 I
Correlation 10 12

10 1.000

12 0.8/1 1.000

Channels 10 12

Mean 2.7466E+02 2.7416E+02

Standard Deviation 2.2886E-01 3 6454E-1

Total Points 154000. 154000.

350 Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 12

10 1.000

12 0.905 1.000

Channels 10 12

Mean 2.7475E+02 2.7'S33E+02

Standard Deviation 1.9049E-01 3.2901E-01

Total. Points 84400. 64400.
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i~•j

MICHIGAN WINTER SCENE -FARMLAND i .. f

: i tlHistogramLs*'

g ~Spectral Bands: 3.5 -. 3.9 j•m -

S4.5 - 5.5 jim

: 9.0 -11.4 pm

[4

LRIM

, 2 *Circle•i define P- Gaussian et-, 2 wi4th the tame mea~i and Standard
deviaton as the actual hlistogram. An "S" on some curves indicates

'• ' ~saturation. Because of limits on gain n•ett~ings some values may existSbeyond the di~g-tal liaSts of 0 and 255, the dig:tal dynamic range of

:: the data processing. 3.5,-178



* C,

(l D

C))
C)

CD

C)

ND C,

-o

11 C)j

L))

4 I j c'M

011-. 3-
= r3
I,- C) --

LfI

L I Ln

Lr: - &

- ~ ~ , ----
41 M4

C) C
01 o1

C)ý

C) -



~RIn

C)
C,

CD
CD

CC)
cCi

04

c> fC

C)

C)I, C)~* C a
M0 c. '

0u

C)

C) U-I (

4)

CC C)

c)

c.cs

CAR ('
A~~ zw/(901A OIOIA il,~OJ

3 5-190



CD

0

CNJ

NC>

rmn

C)

mm

oof

-NIa_ NA-

ON

1=V1
C-

>L2

o - t3c

ca *"

Lip o/ (ljoi o NOIOH)J) AIIIEUGLA



CZ)

C C-

C)-

C)

C>

co

Li

Li
r3

'n

c)

C, i

m

Co c

Ne 0

4 _j

I Ll

en IL

04 m

(\j ELi

(M(O. CM

C14 r- r-:,

CD L

CM v)

Ln

C)
CM 4

Lim %JY a.-Ol

Fo~~~~o/~C (Iil 1 NI3H )AJlddM~

3 .05-(82



71

LE IM-

rKI

11:1n Il I
tilt' I I t ~ F

m

0J0

1,l
Ln

D~r-3

C j 4j' L.o

> 4

LLL

* :2 -4
I.-

IF-on
(IHIOI~~c~ -4 o1dl)AM88

3.5-18



L1 7'-M

CDI

) ERM __ ___ ____ ____ ___ ____ ____ ___ ____ ___

_ -A1

cD.

LOI

c-jI

LA c

C'] -, a

11 cli, 1

clII 4I fd

0 >

iI 1



TA

C:)1

S ~ ~ ~ ~ ~ ~ ~ ~ ~ L CRM __________________

Cý 'r

C:)

C)

0 Ck
CM

01
Ca -

I&.D

CMi LU

CC)

I )

0

V' 0

LO

CDC

3.o-185

t~C3



\~DCD

Oi L

In

en I

In 0 j
6A 0

c~) j 0

cl)

04m >

CD -

1 C ID

(IUIOI~~~0 40Nind)kIIGEOJ

3.5-186



I I
lifi RI I 4 +1

InI
0,

InI
WEn InI

C)

CDIInI
C- CD

m- CD

C-uiI 2 m ID
-D

In r-

_ _ _ - - -11 11 H

C)W

00

InI

cm)U

'00

Sim Sim

so-o(l~ll AONOIIUJJ AC

3.5-187



* ii.------------___ ____

C),

o CD
M CD

CD

j C ý

CD
o 2-:

ICD
to

Cl

Ora CM

C) r_ CD
W '

cC0 0 )
to - 0

CC

(nq

<

C:) -:
111 4 n -

$.A L-

Lo,~~~ ~ ~ ~ ~ ItoUO J ~idd4 III388

o.5.18



CD

01

CD

II
co I

10n

co>

CDI

lu-~I 10 0 wa
0 Q caC

I- -•
I e-V $,An r, OM0-0.

?o o M11 JONO~OU8) kilIG808

3.5-189



LEIM

IC73
I C)

TCD

CD

C)

CD

cm)
C)

CD

uLJ

CD (D

C=))

C:) 1)

co

C) -

co Co

C) c, C)

c-l 1=

zo ~~~ ~ ~ C o/ a)liý O~J8J llIt8

3.5-190-

Nmmmmmmm



ý7ERIM

C)

C)

CC.

CD~

C)

0 I_j a

iL C

"ID-

I-,

3:

CD

oo c)

ILo

N4 M

m 'Im

Inn OD

F-o



Amm

CD

o co

CM

C) :

0,7

C)

C) M

o C

0

C) 1

am LC_

11 4- "JHH 141

Z-"~C CAM CMo 9jm 90

o/~~ ~~~ LiiI ONOIHA)AIIG88

3.5-192 U



j 1 1_ _______+-

II

£l )RIMj

in,
04 co

9..1

InI

411

3. 5-19



LFRILM

CD

Lfl

¶ 
00)

cmlo
cn

CD

40 m

C:)E

(''Cj
en'D

hi

(Ij F,
en

0 CD

LoL

1 ~ ~ ~ ~ ~ ~ ~ ~ ~ I H4 i W41i N44"-

~'-Mg hi ua,
20'0 (IH~i 3 NOi3Ud) AIIIIB80o

3.5-19.4

o4



Ln

CI

C)

ro

Uj

1, 0

en 0

r) if~

r--

LD 4j

L o

2- 6

3.5 -V



cl In

CCj

ko

'-a
z CD

0D
CD

b4 F

u' u

-3 Cl LU

c3i

(.LU (.4

(.4 0D E
co

cm

ODD

8e--- 0 41 U
C) w

c3

o ci

OP-A I)- '% '

)I~~~~~ ~ ~ ~ ZO 0/0E11J OIHý IIE88

3.5-19a6



i IEIM

MICHIGAN WINTER SCENE - FARMLAND

Power Spectra

I=

Spectral Bands: 3.5 - 3.9 urm

4.5 - 5.5 jim

9.0 - 11.4 pm
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MICHIGAN WINTER SCENE -LAUD & WATER]

His tograms*

Spectral Bands: 3.5 - 3.9 pm

4.5 - 5.5 Pm
9.0 - 11.4 pm

-,

1

-! I Circles define a Gaussian curve with the same mean and standard

- •. •deviation as the actual histogram. An "S" on some curves indicates

, saturation. Because of limits on gain settings some values mayi , •exist beyond Lhe digital limits of 0 and 255, the digital dynamic

S~range of thfe data processing.
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MICHIGAN WINTER SCENE - LAND & UATER I

Means and Standard Deviations for Spectral Bands

Correidtions Between Spectral Bands

Spectral Bands: Channel 8: 3.5 - 3.9 urm ('K)

SChannel 10: 4.5 - 5.5 urm (OK)

Channuel 12: 9.0 - 11.4 vim ('K)
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LAND & WATER - PRE-DAWN

Number of Subregions: I
Line Increment Used: 1
Pixel Increment Used: 1,
torrelation Channels: 10 (4.5 - 5.5 um)

.12 (9.0 - 11.4 pm)

900 Depression

Pixel Subarea Divisions At: 1-23 523

Line Subarea Divisions At: 1 385

Currelation 10 12

10 1.000

12 0.654 1.000

"Channels 10 12

Mean 2.7505E+G2 2.7487E+02

Standard Deviation 1.1105E-01 1.7481E-01

Total Points 154000. 154000.

35' Depression

Pixel Subarea Divisions AL. 123 523

Line Subarea Divisions At: 1 211

Correlation 1.0 12

10 1.000

12 0.724 1.000

Channela 10 12

Mean 2.7496E+02 2.7464E+02

Standard Df viaLior, 9.631,;E-.02 1.6107L-Cl

Total. Points 844C0. 84400.

3.5-234

!I



L M~VRIM ____________________ __

LAND & WATEP - NOON

lNumber of Subregions: I
Line Increment Used: 1

Pixel Increment Used: I
Correlation Channels. 8 (3.5 - 3.9 pim)

10 (4.5 - 5.5 pm)
"12 (9.0 - 11.4 jim)

90* Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385

Correlation 8 10 12

8 1.000

1 10 0.313 1.000

12 0,345 0.793 1.000

Channels 8 10 12

Mean 2.8120E+02 2.7681E+02 2.7747E+02

LStandard Dev "ation 4.1248E+00 1.1984E+00 1.6994E+00

Total Points 153200. 153200. 152200.

35' Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 8 10 12

8 1,000

io 0 5'i 1.000

12 0.565 0.905 1.000

Chnnnels 8 10 12

Mean 2.7937E+02 2.7623E+02 2.7616E+02

Standard Deviation 3.6773F34FO0 9.9948E-01 1.5471E+OC)

tI Points 83600. 83600. 8360C.

3.5-235
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MICHIGAN WINTER SCENE LAND & WATER

r•

Ellipse StaLl.tics

Spectral Bands: 3.5 - 3.9 urm
4.5 - 5.5 pm
9.0 - 11.4 vm

3

I °
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LAND& WATLR- SUNSET I
Number of Subregions: 1

Line Increment Used: 1
Pixel Increment Used: 1
Correlation Channels: 10 (4.5 - 5.5 pm)

12 (9.0 - 11.4 pm)

90* Depression -

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 385

Correlation 10 12

10 1.000

12 0.882 1.000

Channels 10 12

Mean 2.7525E+02 2.7512E+02

Standard Deviation 2.6181E-01 4.2969E-01

Total Points 154000. 154000.

35° Depression

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211

Correlation 10 12

10 1.000

12 0.904 1.000

Channels 10 12

Mean 2.7529E+02 2.7497E+02

Standard Deviation 2.3681E-01 4.8677E-01

Total Points 84400. 84400.

3.5-238



LAND & WATER - MIDNIGHT

SNumber of Subregions: 1'
Line Increment Used: 1
Pixel Increment Used: 1
Correlation Channels: 10 (4.5 - 5.54iu)

12 (9.0 -11.4 pm)

90° Depression

Pixel Subarea Divisions At: 123 523

Lix~e Subarea Divisions At: 1 385

Correlation 10 12

10 1.000

12 0.420 1.000

Channels 10 12

Mean 2.7490E+02 2.7474E+02

Standard Deviation 7.3608E-02 1.0586E-01

Total Points 154000. 15400G.

L 35' Depre9ssion

Pixel Subarea Divisions At: 123 523

Line Subarea Divisions At: 1 211
L

Correlation 10 12

10 1i.000

"• 12 0.023 1.000

j Channels 10 12

Mean 2.7491E+02 2.7451E+02

Standard Deviation 5.3676E-02 7.2946E-02

Total Points 84400. 84400.

3.5--'39
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L 8 1750 ft 
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Area: LAND & WATER - Pre-Dawn (Wavelength -- •.5 - 5.5 p~m)
Temperature Threshold = Mean + 2.15 o

q A!

S~Mean = 275.05 Kelvin :
i Std. 0ev. = a 3.11I Kelvin

I.' • EQUIVALENT ELLIPTICAL AREAS :

S3.5-240
Std Dv 0.1 eli

EQIAETELPIA RA
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LAND & WATER - PRE-DAWN

DISTIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

S~~BY A RE.A
BY ITlhreshold Mean + 2.15 cy

SQUARE METERS FRFOUFNCY Wavelength 4.5 - 5.5 pm

8.0 TO 10.0 26 Mean = 275.05 Kelvin
10.0 TO 1S.0 10
15.0 To 2.0 25 a = 0.11 Kelvin
2A.0' TO ?5., 13

Z25.0 To 30.o 5
3(0.0 TO 35.0 6
35.0 nTO,"0.0 3
110.0 TO I0,O
'15.0 To S0.0 L
50.0 TO) 79.0l 14
75.A To 100.0 9

100.0 o ,c 10.0 7
150.1) To 2, o..0 3I
2,n.0 To ?SO.O 0 1

* 25O.) TO 300.0 3

• • -- 306., T[1 "00. 3
'V Q00.0 TU 500.0 '

OVER bD0.0 1

TOTAL NUIMER OF ELLIPTICAL AREAS t6 411

747 FEATURE8 WITH AREAS LESS THAN 8.00 SO. METERS WERE ALSO RECUGNIZED

BY PERIMETER BY SHAP[F

METERS FF .T FREQUENCY SHAPE FACTOR FREOUENCY

0 TO 7 0 TO 22 0 0.0 TO 1.0 0
7 To 10 22 TO " 320 1 .I TO I.1 01

10 TO 12 3? To 39 0 1.1 TO 1.2 1
12 TO I) 1 39 I(1 L5 6 1.2 1.3 7
14 TO 1 14S T) o 52 1 ,; TO 1.41 1
16 II) 17 5? To) 55 10 1.1 Tf) 1.5 6
17 Ti.1 T0 15T) 65 15 1.5 T 0 1.6 1 3

S20 70 2 ? 6% Tn 72 17 1.6 TO 1.7 6
22 Tn 211 7? TI) 78 0 1.7 T1) 1 .A 111

-211 10 26 7 A TO A 5 141 1 .1 TO0 1,9 8i
26 TO0 28 b r5 TO T4 0'T 2.0 6
28 Ti 30 91 TO o9 10 P.n T(O dU 3u
30 TO 32 9R TI) 181 0 7." TO 2.6 18
32 TO ;9 100 TO 127 22 2.6 '(I 2.8l 7
39 To) aJ 227 T I) ai7 8 2.A TO 0 .0
L 5 TO 5S 1"7 TO 1A0 7 3. r To 3.5 A

5TI 72 lIg TO ?32 15 1,5 TO L) .0 8
71 iT 100 2P) TO 3pe 17 4,A TO 41.5 3

OVLN 100 (Uf R 328 27 OVER Q.S 10

3.5-241
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P 123 P323 P523

Li
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• --

L384 - ~1750 ft -

=1

3

=I
Area. LAND & WATER - Pre-dawn (Wavelength = 4.5 - 5.5 pm)

Temperature Threshold m Mean + 3.71 a

Mean = 275.05 Kelvin

Std. Dev. = c = 0.11 Kelvin

EQUIVALENT ELLIPTICAL AREAS

"3.5-242
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LAND & WATED - PRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

NIY AREA
Threshold = Mean + 3.71 cISQUARE IETFRS FREOUENCY

Wavelength =4.5 -5.5 pim

8,n TO 1.o0 Mean A 275.05 Kelvin
-10.0 TO 15.0 1
15.0 TO 201.0 co 0.11 Kelvin
20.n To) 25.0 1
2S c 0 TO 30.0 I

• , -30.0 TO I5.0 1
35.0 fl) t 0.0
4~00 TIo "0 0
4 ,S.0 TO S0.0 0
50.0 TO) 75.0 0
7L,.0 YU 100.0 0

100.0 Ti) 10.o 0

110.0 1t) 200.0 (P
200.0 TO 29,0
250.0 TO 300.n 0.1 - 30i•,0 TO 'JO.0O 0

4100.0 IT) 9.n
OVER 500.0 0

TOTAL N IZER OF ELLIPTICAL AREAS 7

34 FEATURF3 W'T7H AkFAS LESS THAN 8,00 S0. MFTFRS WERE AL6O RECOGNIZED

BY PERIMETER BY SHAPE

i METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TIj 1 0 TO 22 0 0.0 TO 1.0 0
7 TO 10 22 Ti) 32 0 1.0 TO 1.1 0

10 TO 12 3? TO 39 0 1.1 TO 1.2 0
12 TO 1T) 315 1 1.? T 1.3 1
114 TO Ib 45 To c; 0 1 .3 TO 1 .4 0
1 TIo 17 52 1(1 %5 0 1.4* TO) 1,5 0

I17 TO 20 55 TO h S 0 1.5 TO I ,1b 2
20 10 ?2 i'1 To 72 1 1.6 T0 1 .7 1
22 T) 24 72 TO 78 0 1.7 TO 1.8 1
2.4 10 26 78 Ti) 85 1 1.8 TO I.q 2
26 TO 28 85 IQ 91 1 1.9 TO 2.0 0

3 30 10 32 9M TO 104 0 ,.U To 2.6 0
32 TO "9 1i0 0 1?? a 2.h, TO) 2.• 0
39 in .5 127 TO 1a7 I 2.6 TO 3.0 0
;15 TO 55 "1"7 TO_ 190 0 3.n TO 3.5 0
55 ILi 71 160 TO 232 0 3.5 TO) 4 .,0 0
71 TO 100 23P T" 3?8 0 4.n TO 4.5 0

OVER luo OVER 328 0 OVER 4.5 0

3.5-243
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400
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* I

S1750 ft g-

Area: LAND & WATER - Pro-dawn (Wavelength = 9.0 - 11.4 pm)

Temperature Threshold = Mean + 2.09 a

v, Mean =274.87 Kelvin

l. Std. Dev. a=o 0.17 Kelvin

i0

' • EQUIVALENT ELLIPTICAL AREAS

U1U
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A ~YIRIM

LAND & WATER - PRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

YRThreshold Mean + 2.09 o

SUUAft HETFRS FREQUENCY Wavelength 9.0 - 11.4 pm

8.0 TO 10.0 25 Mean = 274.87 Kelvin
10.0 TO 15.0 37
IS.n TO pn.n 20 D = 0.17 Kelvin
2n.0 TO 2S. 0 A3

25.0 TI) 30.0 6

¶ 30.0 TIO 3.0 4 P
35.0 TO 50.0 7
47*0 TO n5.0 3
01.0 .nto 50.0 2
b3n

0
.

0 
TO 75.0

JS*QO TO 100.0 '

300o.0 TO 190.0 .
15.o0 TO 2A0.0 4

200.0l It 20., ,20O.0 Tt) 3170.0 1 -

2On.0 TO o00.0 -

".00.0 o o) $00no.0 0
C .• OVEN 500.0 3

STOTAL MABER OF ELLIPTICAL AREAS ¶ 00

346 FEATURES WITH API.AS LESS THAN 8.n0 80, MFTERS WERE ALSO RECOGNTZFD

By PERIMIETER BY SHAPE

METERS 7FET FREQUENCY SHAPE FACTOR FPEQUENCY

0 to 7 0 TO 22 C 0.0 TO 1u 0

7 TO t0 2? ,n V2 0 1.0 TO 1.1 0

1o 10 12 32 10 39 0 2.t TO 1,2
12 TO) 114 jrlo 415u 8 1.? T G 1.3 t
14 TO 16 m 5 T f' 5? 0 1.3 TO 1.0 6

16 TO( 17 5? ;,'I 95 13 1.10 TO 1.5

j17 TO 0 0 f c 1 , S 21 1.5 TO o1* ."

20 TO 1- 1 '0 7? 15 1.6 TO i .7 12

2Ž 71) 4 7' ) .7'0C TO 12.0 19

24 0 2O 26 7 P 11 A05 A~ TI() IA
26b TO 263 A; p@ 01 * T( 2.0

? 6 Tin 30 '1 i 08 f 8 a, 2 2.04 32

30 T0 32 T'. r. 130 I I uiI 2.6 7
3Ž 10 39 lW.'.2:• 1.7 16 2.6 .1 ?.I 0

39 TI) 4 05 iS7 Ilr lo 10 ?.S TO 3.02
05 TO 55 10j7 Tti Igo 7 3.o TO 3.5 9

55 TO 71 18n TO 2.2 15 3.5 7 () 14.0

I. -- 71 TO 1oe ? TOn 3?8 10 4i.0 TO 0.5 1

ovi R 1OO OnVH 3?8 10 rFR 4,5 3

A

Re352.
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CD

L 384 "'
j1750 1t

Area: LAND & WATER - Pre-dawn (Wavelength 9.0 - 11.4 Wiln)

Temperature Threshold = Mean + 3.66 a

Mean = 274.87 Kelvin

Scd. Dev. = 0.17 Kelvin

EQUIVALENT ELLIPTICAL AREAS

3.5-246
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LAND & WATER DRE-DAWN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER IHAN THRESHOLD

i]

BY AREA Threshold : Mean + 3.66 o
"SQUARE METERS FREQoENr.Y Wavelength = 9.0 - 11.4 iml

• :0 Mean = 274.87 Kelvin' 6 .0 T 0 10.0 1 •
10,0 o t Is.0 0 o 0.17 Kelvin =
15.0 TO ?0.0 1
"20.0 TO 25.0 2
29.0 TO .10 .u 2
30.0 TO 35,0 1

35.0 TO afl*0 0
40.0 TO 7S.0 0
L0) . TO -,0.O 0
150.0 TO 7O,0 0
75.n TO 100.1) 01

100.n ToI10 10. 0
1 50.0 TO) 200.0 0
2o0•.0 TO 2r0.0 0
2 250.0 101 300.0 0
300.0 T (j 400.0 0

o00.0 TO 500,) 0
rVEN 500.0 0

TOTAL NUMBIER OF ELLIPTICAL AREAS - 7

18 FLATURES WITH AREAS LESS THAN 8.00 37. METERS wERE ALSO PECOrNIZED

SBY PERIMETER eY SHAPE

METERS FEET FRFQUENCY SHAPE FACTOR FPEQUENCY

S0 II) 7 0 T (3 22 0 0.0 TO 1.0 0
7 TO 10 2? TO ;2 0 1.0 To 1.1 0

3lu TO 12 3?0 11• TO) 1.2 0
12 TO 1u 14 o 3T 45 0 1?P TI) 1.3 0
I ,' TO 16 a 5 TO 52 0 1.3 TO 1. 1 0
16 TO 17 %2 TO %S 1 1 .' TO 1 .5
17 TO ?0 95 Ti) 65 0 1 T'3 10 1
20 TO 22 h. i TO 7? 0 1.6 TO 1.7 0
?2 TO 2 i 72 TO 78 0 1.7 TO ,IR ?
P2 0 TO 6 7A T)) 85 0 1.R TO I. 2F
-- 2 f T ? 8 85 TP 91 2 1q TO 2.0
?8 To 30 QI TO Q8 1 2,q TO ?.4 )
30 TO 3.7 'A TO 10t0 0 To T0.) 0.6 0
32 TO 19 10 TO 127 3 2.6 TO 2.8 0"39 TO '45 127 To) 117 0 2.6 O 3.0 0
'45 TI) S5 1Q7 I10 1o0 0 3.0 TO 3.5 0
55 10 71 18A TO 212 0 '5.5 1l j*,(, c
71 10 100 ?3? TI1 3,8 0 4.0 T 4 U 'I-) 0UVL R 100 OVF;R 3?b 0 IIVFR •.•0
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0I
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L. 384- 1750 ft

Temperature Threshold = Mean + 1.83 a

S~Mean = 281.20 Kelvin

, iStd. Dev. = o = 4.12 Kelvin

I • I

° • EQUIVALENT ELLIPTICAL AREAS
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LAND & WATER - NOON

IDISTRIBUTION OF ELLIPlICAL AREAS GREATER THAN THRESHOLD

fBY ARFA
Threshold : Mean + 1.83 u

SQUARE HETFRS FREQUENCY
Wavelength = 3.5 - 3.9 jim

5.1) TO 10.0 ?2 Mean = 281.20 Kelvin
10.0 1)) 15.0 2Q
1is.o TO ?o.o o 4.12 Kelvin
2n.0 TI) 0b O. 8

1, 2S.nf TO ().O 1
30.0 T (I "Is . (
3 TI) 10 40.( 4
'I. 0 TII 74".0 4
'.S.0 TO C;~)I

50 . 01) 1 751.0 1

0()1.0 TO) 1 110.0 3
150.n T L) 200.0 1
2 on.o TI 2no.o 0

o'5.0 Toi 3n0.0 0
30n.0 TU uI 0,0 0
4(00.1)T1 r) I n 0

IIVFH 50o.0 0

L'OTL NUMBEF Oi ELLIPTICAL AREAS - 99

1890 FLATIM4 .11)• V IT ARF AS LESS THAN 8,1`0 SO, mFTF.RS WERE ALSO RECWIf4NXZFD

bY PE.RIMETER Hiy SHAPF

MET! NS FFET FREUUENCY SNAPE FACTOR FPRFC.JENCY

0 TO 7 0 TO Z2 0 0.0 TO 1.0 ,0
7 in 10 2? TO 12 0 ,.n TO 1.1 0

to I1) 12 32 TO 0 9 0 1,1 T0 1.2 1
12 TO 14 3Q TO U 44 P . TO 1,3 1
1'J TO 16 445 To1 5? 0 1. TI 1.1) 6
16 TO 1 7 5? P r. 55 10 .t To 1.5 -
17 0 20 13 TOI 6 7 ,* T") ).), 7

20 II ?2 h5 TO 7? 10 1.6 TO 1.7 3
22 1) ?a) 7? T " 781 0 1.7 T0 1.8 12
2) I0 26 708 TO.) FS 13 1.1 TO 1.9 7
•b If) ?b 65 To q II . 4 To 2,00
826 Ti) 0 3)0 TI) 08 7 ?.0 TI 2.11 3-,

30 1) 3"2 9A To( I0'4 0 2.') TI 2.6 S
32 In 3y 2U0 TO) 1 ? 7 15 f,6 TI) .P.. LI
39 1 () 413 127 T 1 a 7 4) ?.8 T10 3.0 1
fill I(1 o 5 &I 1l7 7T) ISO 5 3.0 10 3.t 13
, 5' 10 71 1b0 TIl 212 6 3 .5 T1) 01.0 1
71 10 100 pip? IT) 3? 1' 5 4O 1. 1 4.5 1

OVER 100 OV(EN 378 2 nVyf 4.5 0

3.5-249
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0 0

00

L 384 1750 ft

Area: LAND & WATER - Noon (Wavelength 3.5 - 3.9 pim)

Temperature Threshold = Mean + 3.00 a

Mean = 281.20'Kelvin

Std. Dev. a = 4.12 Kelvin

EQUIVALENT ELLIPIICAL AREAS
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B MLAND & WATER -NOON

DISTRIBTO- N OF LLLIPTICAL AREAS GREATER THA' TIHRLSHOLD

• 8Y ARFA
TAThreshold = Mean + 3.00 o

S12UARl. HFTES PR••CY Wavelength 3.5 - 3.9 jim

8.0 To 10.0 o Mean = 281.20 Kelvin
10.0 To 15.0
19.n Ti) o. o = 4.12 Kelvin
-20.0 To PS.O 1
2,i0 t() 10.0 1

30.0 TO ( 3,0 0
3%.n10A O '(. 0 1
LJOl* TO 49.0 0

4)'.0 TO 50,0 0
90.0~ To 79,0 II
S75Q0 TI) 100.0 1

100.0Eli 10.00100,0 TO lO.

00.0 TO 10 2o.o A
?00 TO1 300.0 0

luo.0 TI) 400.0
4000n 1) 5no.n n

nV -R 90010 0

TOTAL NI{rKBE OF ELLIPTICAL AREaS 1 3

60 FLATOURES WI'TH AI(FAS LES3 THAN A.00 3Q. MFTFRS WERE ALsn RECOGNIZF.0

HY PERIMETER BY SHAPE

METERS FFfT FRFQI)ENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TOI 22 0 0,0 TO) 1.0 0
7 TOI to 2? T7 32 0 1.0 TO I .1 0
0o In 12 32 TO 1Q 0 1.1 TO 1. 2

12 T() 14 39 f) TO S I I .? TO 1.3 0
111 Tn lb IS 9 TS'I (1 92 1.3 TO 1.4 3
1lb T) 1 T 9? T() 55 0 1.4 TL 1.5 0
17 TO1 S~ 5 TI) h¶, 3 J.S TO I.

20 1(1 2 b6 Tfl 7 h 1TI 1.7 2
22 In ,.4 7? TI) 78 0 1.7 TO 1 .8 1
e u in 2b 78I) • I 8S. T 1.9 0

. 1 n ?8 H•9 T10 91 0 1 .9 T) 2.0 0
-L) TO 30 91 TfM 9 m ; 2,0 1I1 ? . "
30 TO 3t? qR TO 1014 0 a." 7O ?.) 1
32 TI) (1 1 1Ol To 1 1?7 2 2" 7I) 2 .1 0
39 TI) 49 127 TO 147 0 28 1') 3.0 0
49 7 n 95 II(? TO) 110 2 1.0 TI) 3. 1 0
59 TI) 71 180 T(I ?3P 3 3. TI) (1 ,0 0
71 10 n 0 to 3? 111 3213 0 40 TI) 14.5 0

OVER 100 nivFR 328 0 nVF R .5 0

3.5-251
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Li I
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"V A V 0 9

so df

o Ow

L~~ 38 71

Area: LAND & ATER -Noon (Wavelength =4.5 -5.5 pim)

ienipzraturn, Threshold Mean + 2.50 a

Mean - 276.81 Kelvin

Std. LLev. aL~ = 1.2 Klvin
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raeent 4. -5.-p

_L_.D -ATR NO

F -OkEMTR RQEC

A.e To 1h.d 16 Mean = 276.81 Kelvin

10.0 TO 15,0 3a
11.0 Tu 0o.o ?a = 1.20 Kelvin
20.0 To ?2.0 17
29.0 if) 10.0 A
3o.n To 35.0 1

39.0I TI JJO.0 7
'*0.0 TO S0.o I
4* .0 TI) 1 90 .0$n.0 TO 10.0 7.

/ js*.n TO 100.0 4

" 1 00.0 .() iSo,0
150.0 TO 200.0 1
200.0 TO 5n0.0
2S0.0 TIo 300.0 0
300).0 0 40.
' Ju•O0.0 TI) 500.0

OVER !00.0 1r TOTAL NUMBER OF ELLIPTICAL AREAS - I 38

190 FEATURRES iI1H RFAS LE5S THAN A.00 30. METF•R WERE ALSO RECOGNIZEO

BY PfRIMETER BY SHAPF

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 10 7 0 TIo 2 0 0.0 TO 1.0 0

7 TO 10 2? T(1 32 0 1.0 TO 1.i 0
10 TO 12 3? TI -39 0 1.1 TO 1.2 6

12 T7 19 39 To) 15 12 1.? To 1.3 1?

14 • HI 16 09 TI) 9? 0 1.3 TU 1 . 20
I L 10 17 5? To 55 I 1To TO Iu I3

17 7f) 20 59 10: 6% 16 1.9 TO 1.6 21
20 10 22 6-, 1I) 72 1? 1 .h TO 1.7
22 TO 24 72 TIo 78 0 1,7 TO 1.8 11

2u 10 26 7M T(j MAS 14 1.8 TU 1 .9

t ?) T1) 2A AM TI Q 01 8 1.A TO 2.0 S

28 i0 30 k1 t '1 9 8a ?A TO ?. 4 17
30 TO 12 9A TO) 104* 0 4, TOr 2.6 14
.32 TI) 39 10 o TO 127 17 2.6 10 2.8 2

3J , T, *45 127 TO 1117 7 ?.8 TO 3.0 2
4 ', T n 55 1A7 TO 100 7 3.0 T7) 3.5 I
1 -5 1(1 71 1ho To 2"2 7 , 3.9 T 0 m 2

7 1 100 2)? TO( 3;, (A 4NJ~

OVER 100 (IVFR 328 7 VFv- R 0.5 1

[ • -. 5-253
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S.--1750 ft

Area: LAND & WATLR - Noon (Wavelength = 4.5 - 5.5 pm)
Temperature Threshold = Mean + 4.15 u

Mean = 276.81 Kelvin

Std. Dev. = a = 1.20 Kelvin

EQUIVALENT ELLIPTICAL AREAS
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-~ YTRIM

LAND & WATER - NOON

DISTRIPUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

Y AREFA Threshold Mean + 4.15 a

SU(JARE rTFRs FREQUENCY Wavelength = 4.5 - 5.5 pm

Mean = 276.81 Kelvin
6.0 T0 10.0 4

10.0 To 15.0 30 a = 1.20 Kelvin
15,0 TO 0,10 1

S20.10 TI 25.0 3
2 5. 0 TO 31.0 ,3
30.0 TO 35.0 1

35. 0 TI o a 0 0 2
-10 0 TO 1)5,0 0
49).0n TO 50.0 1
50.0 T) 7k,0 2.
75.0 'To 100.0 0

1 00.0 Tn 150.0
-150.0 T) 200.0 0
200.1n Ttu E50.0 0
250.0 TI? 300.0 n

-300.0 TO a 0n0.0
JQ00.0 To) 5n0 .00SlIVER 90o), 0 0

TOTAL NUMBER OF ELLIPTICAL AREAS 29

-5 FEATURES WITH ARFAS LESS Ti•,N 8.00 S0. METERS WERE ALSO RECOGNIZ.FD

BY PERIMETER BY SHAPF

METERS FFET FRFQUENCY SHAPE FACTOR FRFQLIUNCY

V TO 7 0 TO 22 0 0.0 TO 1.0 C
7 TO 10 2?P TO 32 0 1.o TO 1.1 0

Io TO 12 3? TI 39 0 1.I TO 1.2 0
12 TO 10 39 TO 45 0 1,2 TO 1.3 2
14 T11 16 45 TOf 52 0 1.3 TO ,M .4
-l TO 17 ,? TIO 55 5 1. a To 1.5 3
17 TO 20 s Tin A5 a 1.5 TO 1.6 5
20 I0 22 6e, Tn 72 - 1.6 TO 1.7 1
22 TO ?. 7?P To 78 0 1.7 TO 1.8 6
24i TO 26 78 To 85 2 1.8 TO l.9 0
?b 0 28 JA%, 7H q 1 0 I , T(I 2 0 1

28 TO 30 Q TO 98 2 2.0 TO 4,4

10 TO S2 QA TI) lOU 0 ?.1 TI) 2.6 0
32 TI 9 1 Ina TO 1 2 2.6 TO 2.8 2
39 TOI 5 127 W0 i"7 0 P.9 TO 3.0 1
4 5 I7 55 147 TO 1I1O 3 1.0 TO 3.5 0
55 in 71 180 TO 232 2 3.5 TO 01.0 1
"71 T0 IO 23?3 TO( 328 1 4 . n Ti0 4,5 0

OVER 100 OVEr 3?B 0 OVER 4.5 0

"3.5-255
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L .. 8 t

LA

Area LA WAE on(aeegh 9 0 11. pm

* 0 •"-J

'o ,.,-V

T r T d+

, • Mean = 277.47 Kelvin•

|. ;Std. Dev. a o 1.70 Kelvin

EQUIVALENT ELLIPTICAL AREAS
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LAND & WATER - NOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN IIIRESIIOLD

d3Y AREA Threshold = Mean + 2.35 o A
SQJA)F I;FTER5 FREQUENCY Wavelength 9.0 - 11 .4 pmr

TI
: T1.Mean = 277.47 Kelvin

it.,) T• - = 1.70 Kelvin
-. 0 TJ1 ? .) a
0.,5 TiO 5,.0 10 I

25.7 TI) 00.0

•=7 0~ T,)%.f1., 0 ) oT ),

-7*of T¶i WL 1 1 0 A

SIn .sO c,

T OTAL NMTIBER OF ELLIPTICAL AREAS 16')

?27,5 F -A I jFg .1i A ýF AS L LS S T 4A NJ 13,0,0 SO. 'IF IERS WERE ALS11 RE C GIF,1 N Zý-D

Bg Y P C R I ,F. E • I - RY 5I,A P E 7

SF [R$ F It FREUM~iNCY SHAPE FALTHR FREJAIIENCY

7* 0 T7 0 .0

7A IT 1 . "O 1 .12.6 T70 ,*', P , .21

1 3 , T,4 IT I L . .3
S1 0 15 I ; 9 p TITi, .nn 19

3. 0 17 b?. T(i ?5 1 .1 7
TOT TR OF. ELLIPTIC AREAS ?7 1 . 7

-•- T f' ?¢ eS TI (1 72 (1 1t ( .7 10?27 ,1)A •u 1? I To 7A N') .7 T0A1 ,A b1A

BY-3', ?. • Pf ) P 01 T, .o BY) S.O APE

MI-• T O F, • F( lrT FREO 0 NC 5HAP CT))) F.E IIC

3 ¾; 7: 0% • SrJ '27 0 (A Ti) 1a.0 (1

/4 1c 2? 3 "1 I9 T) 1 .1

0 Tq 2? 3 r? A. ?.n1 T a 1.

T? ¾' 1 37 TI) 15 1 1, IjL 1.3 o,

3,1 T1) 71 5?- Ij S, b ?. TIO 1.0 10

L= 141 111 1i ~ AS 1711 1. 1 21 ý ,

& 2 31 2' 71 2 i.n 2'; 1ýL s3.7 ') 1.G4, 10
7 i 1 0 P3)1 () Ti 7s 1.0 TI 0 4 2

U kv 100 '1 sb 7 ()V F k 4.b )

"T 7 0133.5-257
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00
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L 1750 ft

Area: LAND & WATER - Noon (Wavelength = 9.0 - 11.4 urn)

Temperature Threshold = Mean + 3.79 o

Mean = 277.47 Kelvin

Std. Dev. a = 1.70 Kelvin

EQUIVA[ ,NT ELLIPTICAL AREAS
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I[RIM

LAND & WATER - NOON

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

S13Y APFADy ARFA Threshold = Mean + 3.79 o

S~Ut, METERS FREOUFNCY Wavelength = 9.0 - 11 .4 pmn

8, To 10.0 3 Mean = 277.47 Kelvin
30.0 To) 15.0
19,0 TO 20.0 7 c 1.70 Kelvin
20.0 TU 2".0 2
2S.0 To 30.0 0

OIn T90

41Sfl T() A0070.o TO 105.0 1
1".00 T 1) 90.0 0
5n.0 . I) 72.0 3
75.0 lIt lo0.O

S100.0 TO 2' 50. 0 0
E15.0 Tr 2oo .pooO TO 2"0,0 0

3 u (3u.0 TO 3.nou. 0
40A.0 TO S00.0 .£4QP,0 TO b00.o 0

TOTAL NIUMBER OF ELLIPTICAL AREAS 31

S89 ILATIJNFS ITH AREAS LL,9 THAN 8.00 SQ. METFRS WERE ALSO RECOGNIZED

BY PLRIMLTER BY SHAPF

METERS FEET FREQUENCY SHAPE FACTOR FRFQUENCY

0 T0 7 0 TO ( 2 0 .0 TO 1.0 0
7 TO) to 6! TI) "S 0 1.0 TO 1.1 0

10 1t) 12 32 10 39 0 1.1 TO 1.2 0
12 10 1q 30 TI 1 j5 3 .2 TO 1.3 9
14 TO lb 45 To) S2 0 .I TO IA 2
16 II 17 S2 To c% 3 .T TO l.S 1
17 10 ?0 59 TO 65 6 1. TO I,20 T7 0 2 tS 10 7e I . 1. TO1 1.7 7
22 Ti ?J . 7? Tol 7h 0 1.7 TO 1.0 3
?4 TO n 6 78 TO o b .2 1.8 TI' I. 1
26 TO 8 K 18S To) q91 0 l. TO 2.0 1
? 8 Tn 3,0 IQ To 9 0 P.0 TO ., 3
30 TO0 3 ? 9 R TOI j0£4 fl TOi 2.6 2
32 i0 3 9 1 0 itf T i 17 61 TO ('.. 0
39 TO 0'. . 127 IC ia 2 m.. TO 3.0 1
0-5 11 n 5 147 T0 1ý 0 1 3.n T L 3.s 1
ss 10 71 110 TO 232 3 .9 T1 0.0 0
71 TO nIno P2 TO 328 2 , 6A TO 4.s 1
OVER 100 OVFR 328 1 OVERW 4 .5 0

"3.5 -259
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< ~ ~1750 ft •L1384. ' _ __ _ _ _ __ _

Area: LAND & WATER - Sunset (Wavelength = 4.5 - 5.5 pm)

Temperature Threshold = Mean + 2.00 a

Mean = 275.25 Kelvin

Std. Dev. = a = 0.26 Kelvin

EQUIVALENT ELLIPTICAL AREAS

3.5-260
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LAND & WATER - SUNSET

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHULD

BY AREA Threshold Mean + 2.00 a
8QUARE METERS FREQUENCY Wavelength = 4.5 - 5.5 jim

Mean = 275.25 Kelvin8.0 T 0 1010 10
Io.0 TO is.0 22 O = 0.26 Kelvin
15.0 TO 20.v 20
e0.0 T 0 2S,0 A
21.0 Toi 30.n 4

? ,30,0 TI) 35,0i '3n.0 TO 30.0 4
30•0 To '050 4
4 o.0 TO a0,0 1

5r,0 Tgo 75,0 '6
71,.0 T o 1x)(.o a

100.0 TO ito.O50.,0 7t1 ?0nO "2

2 .on T i rfo.n
;150o. 0 Ti 30nno I

0 io0n.o TOi 4(111.0 2
40f) .,A TO o b5(0.00OvER 500.0

TOTAL NUMBER OF ELLIPTICAL ARF,.S II I

191 FEAILIRES WITH ARFAS LESS THAN 1).00 30, METERS WERE ALSO RLCOGNIZFD

giY PERIMETER BY SHAPE

METFHS FEFT FREQUENCY SHAPE FACTOR FREQUENCY

0 TI) 7 0 TO 22 0 A*0 TV' 1.0 0
7 TO 10 2? Tf) 3S 0 n TO .1 0

10 TO 12 3? TO 39 0 1.1 TO 1.,2 0
12 TI0 II 39 Ti 05 3 1? Ti 1.3 6
4 ' (1 16 45 T(O c5? 0 1.3 U) ,4 10

16 1) 17 ? Tin 5r 11 1.0 TiI S,
1 7 TO0 20 5" TV) 651 9 1.5 TOQ 1, b1%L
20 TO 21) 69 Tio 72 6 1.6 TU 1,7 I1
2 ? 10 24 7 ? T0 7Tk 0 1.7 Tf) '8 1,
24 TI) 26 7b TOi A', 14 j.M TU 1.9 14
26 TO 28 R5 TLI 91 9 Q TI0) 2.0 7
? F1 Tfl T0 QI TO 18 8 2.0 TOL 2 .I '

3 ? 1 31 2 Tnu I ?7 1z 2.h TO 2.8 2
3-0 T0 45 1 7 ToI 107 6 ?.A TO 3.0 3
5 1 TO 0 Y5 107 T(I 18O 7 .; 0 11) 3.5 3

fb %5 Tf, 71 130 Tfl 212 II 3.5 T 0 1.0K 71 TO 100 ?1? Tn 3P8 9 U.o TO U.5 0
UVE1 100 OVER 328 8 OVeR 40.5 5

).5-261
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L 384
-1750 ft

Area: LAND & WATER - Sunset (Wavelength = 4.5 - 5.5 pm)

Temperaturp Threshold = Miean + 3.50 o
Maan = 275.25 Kelvin

Std. Dev. = = 0.26 Kelvin

h. EQUIVALENT El LIPTICAL PREAS
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LAND &WATER -SUNSET

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THANJ THRESHOLD

BY H~AThreshold =Mean + 3.50 o
= SQ ARE MET RS ~E0U NCYWave len gth = 4 .5 - 5.5 vim

6. o 10.0 3Mean z275.25 Kelvin
1(.0 TO 15.0

20.0 TO .
25.0 To 36.o 0
30.0 T L 3c;. 00
35.0 To an~, 0
4()l.o Tu Iý.
65.0 1(o 50.o 0
50.0 70 7S.0 0
75.0' 70 n~~
100.0 11) 1, lA. 0 0

?0 0 .0 1Tf) ?'o0
25 0 .0 10) 300.0 0

I3u0.0 11) a n )0,0 0
'Ju0.0 TI) 500.0 0

00IH 500.00

'1OTAL NUMBER OF ELLIPTICAL AREAS 1 3

31 F1II~B ~TH ~1~8 LES T~AN ,0OSU.METERS WERE ALSO REL)0r;NZF

BlY PERIMETER HY SHAPF

METERS FEET FREOUIENCY SMAPE FACTOR FRFGUENCY

0 TO) 7 TO7 22 0 0.0 TO 1.0 0
7 T(I 10 22 YT) 3201, '1.0

10 Tf1 12 3.1 7T1 39 0 11 Tý) I,
12 TO 14 39 71(1 45 1* T0 1.3 5

I TO 16 45 Tn r, 5 0 7. 10 1.4
b6 TO r) I 5S? 1n 155r 3 1 .4 TO0 1,5 0
1 7 1n ?0 5S Tf) 613 5 1 .5 TOU 1.6
20 in 22 6~, 10 72 1 1 .b TO 1.71
2? TO 4 7 ? T11 78 0 1 .7 TI1) 1.18 0

24 TO 6 7~ A( T A5 0 h.1 TO 1,9 3
26 To ?m1 7115 91 0 1 .9' to ?0 0
28 TO) 30 Q I TO 983 1 n*f Tu IŽ7,oL
30 1 1 (i in II ~nu 0 PA T) 2.o 0
12 T 0 1 104 TO0 1?7 1 2.6 T0 9 0
39 TI) 4 b 127 T 0 14a7 1 ;). 8 TO 3.0 0
q15 TW SiS 147 71 in Ino 03.0 TI) 3.5 0
5.) 1TI' 71 1 h 0 T(I 21? 0 .05 TO u .0 0
1 11) 100 ?3? Tf 3el1 0 £J,1 I() 4.5 0

( E 10(IIR 32)0 11VE R a, 5 0
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Area: LAND & WATER - Sunset (Wavelength = 9.0 - 11.4 urm)
Temperature Threshold = Mean + 1.76 o

Mean = 275.12 Kelvin
Std. Dev. = " 0.43 Kelvin

EQUIVALENT ELLIPTICAL AREAS
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LAND & WATER - SUNSET -

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLDLI
fl•Y AR:A Threshold Mean + 1.76 a -

•- ~~SQUARE HF:T FRS FREQUENC:;YSURMT FEEYWavelength = 9.0 - 11.4 i

Se.o TO 10Mean = 275.12 Kelvin8i .0 TO tso.I 2T10.0 To 15.0 a•o 0.43 Kelvin -
20.0 TO 15.0 7
15.0 TO 30.0 y 0.3 eli
o.$0. Tu 35.,0 7 "

S39*I) TI) 14o.0 2240.0 TO ?IS.0 0
ZS.(, TO 50.0 330.0 TI) 75.0 7
47.0 TO 105.0 10
4O5.) Ti) 150.0 3'
150.0 TIf) 7S00. 0

0 .m 0 Tt) 2n0,(n 0

u n.') Tli 2Ao, 0
2~~0.0TI) 5o.0

SOO.0 TO 5no, 0 I
()VF R 5600.0 3

TOTAL IU1.BER OF ELLIPTICAL AREAS - 202

192 fATUHEp S WITH AREAS LESS THAN 8.00 SQ. METERS WERE ALSO RECOIINiZED

flY PE•UMIMTER By 3HAPF

METERS FEET FkFQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 fl rU 0 2 0 (.0o TO 3.0 0
7 7TO to 22 T1( 32 0 1.0 TO .3t 0

10 T) 12 32 T 0 "9 0 .t TO 1,2 1
12 To) 14 3Q TO 145 8 1 .2 TO0 1.3 10
144 T() 16 45 Ti) C52 0 1.3 To 1.4 9
16 TI) 17 5S To) S53 17 1.4 TO 1.5 3.?
17 TO 20 55 TO 65 17 1.5 TO 1.6 23
20 If, 22 65 TO 72 12 1.6 TIU 1.7 1s

22 TO 2 1 T 78 0 1.7 70) 1. A1
21 11 2 b 78 T r) A 5 13 -~0 1 8i

2h TI) 2h 85 TO 91 3 3,9 TO 2.0 6 -
?11 7Tn 10 q91 Tn a 1 ?,0 TO 2,14
30 TO 32 qt TO 10 4 0 ?.1' TI) 2.6 S
32 TOl 19 100 TI) 1P7 20 ?74, TO 2.8 6
39 TI) 45 1227 TO 1o7 44 2, TI, 3.0 1
411, TI) 55 1Q7 T1) )no 6 I,, To -$.5 I
S5 T0 71 180 TO ?3.2 6 3,5 TO1 U.0 1
71 I) 300 23T TO 3P8 12 a. (10 T).5 I

OVER o10 nVFR 328 10 OVF1 4.5 14
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Std. Dev 0.3Kli
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j St. ev a= .3 eli

i. EQUIVALENT ELLIPTICAL AREAS
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LAND & WATER - SUNSET

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAIl THRESHOLD

SBY AREA Threshold = Mean + 3.00 a
3OUARE METERS FRFOUENCY Wavelength 9.0 - 11.5 pm

Mean = 275.12 Kelvin
8.0 To 10.0

10.0 TO 15,o cf 0.43 Kelvin
159.0 0 TO ?(I . 0
20.0 To 25.0
25.0 T(m 3 .0 I

I.30.0 TO 0,1*0 0
31 .0 T( Q oo
40.0 To liso
"5"• .0 To 50.0 1
50.0 Tu 75.0
75.n TO 1 n0. n,

100.0 TO 1 0
150.0 7 f, 200.0 0
200.c) TO 5).0 0

250.n TO 300.o 0
S3•06.0 TO0 Joo.0 0

Q .O0 T 5n00.0 0
OIVER 5no.0 0

IOTAL NUWUBER OF ELLIPTICAL AREAS 16

29 FEATURES WtTH ARFAS LESS THAN 8.00 SO, t4ETFRS wFRE ALSO RECOGNIZED

BY PERIMETER BY SHAPF

METERS FEET FRE0UENCy SHAPE FACTOR FREaUENCY

0 Tn 7 0 TO ;2 0 0.n TO 1.0 0
7 To t10 2 TO .2 0 1.0 TO 1.1 0

10 TO t12 32 To 19 0 1.1I T9 1.2 0
12 TO 14 3q To LS 0 I. TO 1.3 2
14 711 lb M5 Tn 52 0 1. I TO 1.42
16 TO 17 5? TO 55 2 1.4 TO 1.5 1
17 TI) 0 0 55 TO % 3 1 .5 TO 1.6 1
20 VO 22 65 TOl 72 ( To 1.7 1
2 1• To 2. 72 TO 78 0 .7 TO 1.8 3
24) TI) 26 7A TO o 5 2 .0 T 1.9 1
.26 TIf) 28 85 TO 1 2 1.4 TO 2.0 I
?$ T11 10 qI TI) 911 0 3.0 TO 2,4 3
30 I() 32 q9B TI) 104 0 P.4 TO 2.6 13 P TO 39 lOLl Tl. 1 ! 1 7.6 -0 2.8 0
39 TO 45 .127 TOI 17 0 ?.A TO 3.0 0
4(5 1l f 95 147 T(n 180 1 3.0 TO 3.5 0
155 y0 71 11b0 TO 232 2 3.% TLI 0.0 0
71 TI] 100 ?3? TO 328 0 .4,,0 TI0 4.5 0

UVER 100 OVFR 326 0 l)VfE R,5 0

"3.5-267
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0

0,

L 384 .4 1750 ft
= 1.~~~~L384 -_________________

Area: LAND & WATER - Midnight (Wavelength -4.5 - 5.5 pm)

Temperature Threshold = Mean + 3.00 a

Mean = 274.96 Kelvin
Std. Dev. o = 0.07 Kelvin

EQUIVALENT ELLIPTICAL AREAS
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YERIM

LAND & WATER - MIDNIGHT

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

B3Y ARFA Threshold = Mean + 3.00 o

I50JARE METERS EFE )|ENCY Wavelength 4.5 - 5.5 pm

Mean = 274.96 KelvinS •8.0 To I n,

Inn To. 15. a( 0.07 Kelvin
15.0 TO ?0.0o t2
2n.0 TO PS.0 0
25.0 TO in.o 0

35.n TO LI"O p
S4O.0 TO 11S.0 0
LIS.0 TO So.o 2
c0.0 TO 75.O 5
7c,. T. ) 100.0 4

100.o To) lc).o 0
1S0.0 T 0 200.0 P
200 TO 230,0 0

S300.0 TO a, o. 0 1
- '100.0 TO 500.0 0

OVFR Sno0.o

TOTAL NUMBER OF ELLIPTICAL AREAS - 63

238 FLATOIRES AITH AREAS LESS THAN 8.00 39. METFRS WERE ALSO RECOGNIZED

BY PERIMETER MY SHAPE

SMETERS (F-ET FR•(IHENCY SHAPE FACTOR FREQUENCY

0 TO 7 n Tn 2? 0 0.0 10 .0 0
7 111 10 2? Tfl 2 0 1.0 TO I. 0

to0 I) 12 3- TI) 19 0 1.1 1I) 1.2 0
12 10 I4 39 1TO 5 0 1 .) TO 1.3 0
14 TO 16 1U T;IO S2 0 1 .3 Ti) 1.4 3
16b 11 17 52 To c5, 3 1 .1 TO 1.5 1
17 1T o 0 5c TO 6!5 10 1 . TOI .b 5
P 0 Trf 72 1 T11 7, 4 1 bf TO 1.7 S
? 2 Ti 2 7P Ti0 78 0 1. 7Tn 1.8 7
24 T1) 26 78 TO RA 5 1 .8 101 .9 3
26 10 28 ArTI1) 41 3 1. 50TU 2.0
? 8 T) 30 Q) 1On 98 3 .0 TO 2.0 18
30 TI) 3? RY TO 10A4 0 2. 0 TO 6 .
32? TO S9 104 Tr- J 1;)7 7 2.1 TO 2.8 1
39 T) 05 127 T) 1ti 3 ?.A TO 3.0 3
"45, TO 55 147 To IO 9 3 ,n TO 3.•5
55 TO 71 IMO TII ?•2 S 3.S TO 4,,0 2
71 Tn 3o0 23? Ti) 3,? 4 4,0 TO '.9 0

OVER 100 OVER 328 7 OIVFNH 0.5 3

3.5-269
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Tempratre hr hold: Man 4.7 oI
SMean -- 2 4.96 elvi
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CRIM

LAND & WATER - MIDNIGHTI DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AReA Threshold Mean + 4.87 a
r • •]81 UAkR, METER3 F REIUENCY Wavelength = 4.5 - 5.5 jim

8.0 TO Mean = 274.96 Kelvin
100 TO 15.0 5

1'S.0 To ?0.o u 0.07 Kelvin
20.01 TO ?9.0 I

1.. 2 .0 T[I 30.( 0
30.0 TI) 3. o.0

£10.0 T3 a50'*.0 To '.O0 1

50.0 T1) 7S.0 0
75.0 To 100.0 0

100.0 T(3 1'0.o0 0
15 0 . 1]) 20O.O I
S "?0. 0 TO 2S0.0 o
2, 0 . 0 To 30no.0 0
3(-0.0 -1] TO (4J)o.0 0
'*00.0 T n 1o00.0

-- VFH 50 0 ,0 0

TIOTAL NULMBER OF ELLIPTICAL AREAS I1

153 FEATURE8 WITH AREAS LF-. THAN 8.•0 SQ. METERS WEPE AL.SO RELOGNIZEO

u BY PERIMtTER BY SHAPF

METERS FFET FREQUENCY SHAPE FACTOR FREOLIENCY

0 TO( 7 0 70 ?2 0 o,0 TO 1.0 0
7 TO 10 22 11 1 2 0 1.0 TO( 1.1 0

10 TO 12 32 ?r, 3q 0 1.1 10 1.2 0
12 *r0 1£4 3q TI1 £19 0 1.2 7T) 1.3 1
l4 TO 16 UJ' T7) 52 0 1.3 To) 1 . 0
16 70 17 5?2 T0 S5 1 1*' TO 1 ( 2
S17 TO 20 55 TF) 65 1 1.9 To( 1,6 T
20 T 1) 2? 6S Tf) 72 2 1' 71 1.71
ZZ TI 2 q 72 TO 78 0 1.7 T1 1.8 1
(4 Ifl ?6I 7A To F. S9 1, TO 1.9 1

28 1B 28 1To q 1 0 1.Q TO 2.0 1
21 T7O 30 91 Tf q8 0 ?.0 TO 2.4 3
30 in 3. 9 8 Tn 104 0 ?.a 1U 2.6O 0
32 Tf) 3q 104 70 1? r 1 2'. :IC 2.8 0
"39 TO 4 5 127 10 141 0 p.8 1(• 0.0 0
4 T5 147 TO 1A0 1 3.0 1(l 3.5 1
55 TO 71 I80 if) 212 0 3.5 To (4.0 0
7 1 711 100 23? TO 3PA 0 , f'n I(1 4.3 0

OVER 100 0VFR 3pb I OVF 4.5 0
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Li--

0

0 C)

U1U

L 384
______-1750 ft

Area: LAND & WATER - Midnight (Wavelength = 9.0 - 11.4 wm)

Temperature Threshold = Mean + 3.00 u

Mean 274.74 Kelvin

Std. Dev. = a = 0.11 Kelvin

EQUIVALENT ELLIPTICAL AREAS

3-
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I

- LAND t& WATER .. MIDNIGHT

DISIRIBUI ION OF ELLIPTICAL AREAS GREAlER THAN THRESHOLD

joY AkEA Threshold = Mean + 3.00 u1

SUI_'ARL METFRS FREQUENCY Wavelength = 9.0 -, 11.4 imn

Mean = 274.74 Kelvin
8.0 TO 10.0 1
10.0 TO 15.0 i a = 0.11 Kelvin
15.0 00 . k

20D. 0 Ti10.

2 A. 0 TO IS.3S•rn,o yTO 3.,0 I

- 311.O0 ToO, 0

qn.0 Q5. 10.0
4)1,0 TO (\5.0 I

Sn T. 1 7"1.0 a

75.6 T 0 10.5
00.n 1"0 1T0O.0 2

1oo.n T) 2110.0
200.0 TO 21u *o0 0

S20 .( n T ) 300.0 1

300.4 TI1 400.0 1

4 0 .O0 TI) nO0 .

(OVF R 500.0 3

TOTAL OJFUBER OF ELLIPTICAL AREAS 4 1

99 FEATURES WITH ARFAS LES8 THAN 8."Q SQ. METERS WERE ALSO RECLIGN!ZFD

fBY PERIMETER BY S4•KPE

iMETERS FEET FREQUENCY SNPE FACTOR FREilUENCY

0 TO 7 o I) 22 0 , n TO 1.0 0

7 TrI 10 27 r '2 0 1.0 TO 1 .1 I

10 1. 11 32 Tn -5 0 1.1 TI) 1.2 1

12 'tn 14 3Q To 45 0 ¶,? 'T 1.3 1

144 T) 16 ac; TO 52 0 1,3 TV 1,4 0

lb TO 17 52 T 1 55 2 .A TO 1.5 3

1'1 TI 20 S9 TO 65 S 1.5 TO 1.1 3

20 TO ?2 c; Tn 7? 6 1.b TI i*.7

22 TO ?4 1? q1) 78 0 0.7 'TI) 1. n

24Tn ?b 7)0 'T (1 5 1 AT ~
26 T1 28 85 TO ql 1 q TO 2.0 P

?8 TI) 30 91 TO 08 3 n To ,'N

30 111 3 2 00 'TO In 0 I.'1 TIZ 6 .T 3

32 TO 39 10' T) 1?7 3 2.1 TI 2.8 2

39 TIf) 45 127 T0 1a7 4 ? F1 TO) 3.0 0

0a 10 55 1Q7 T() 180 1 3.0 TO3.S
s 55 'O 71 15A0 Ti 2T? 'u 5.5 T ,13 2

"71 TIO 1o0 P 3? TI 3?8 3 , ,0 TI 4.5 0

UVLR 100 OvF R 328 OWE') (.5
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iti

gon

(-7'

CD

L 8 1750 ft

Area: LAND & WATER -Midnight (Wavelength =9.0 -11.4 Vni)

Temperature Threshold = Mean 1 5.15 (

Mean = 274.74 Kelvin

' Std. Dev. -- = 0.11 Kelvin

q i

|. ~EQUIVALENT ELLIPTICAL AREAS
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LEIM A

LAND & WATER - MIDNIGHT 1
DIS[RIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

IuY AREA Threshold Mean + 5.15 a
Ru u APE METfS F"SfP,•NuEY Wavelength = 9.0 - 11.4 urm

Mean ý 274.74 Kelvin
8.0 T ) 10.0 0 I

10.0 10 1.0 3a 0.11 Kelvin
15.0 TO ?f). 0
20.0 To 1S25.0 T] 0 lo..o 2
3 0m -- I)0 T( f• I0 3 ( 1

35.0 TO) 1n0 11)
£10.0 tO £15.0 Le01

1).0 TO sn.o 0

50.0 TO 75.0 2
1'.n T, 100.0 0

I U 1,0 TO 1Y.0 0
15.0 TfJ Ž00.0 0
200.r) TO 2rO 0
250,0 Ii) 3II0,0 05

=O0 TO 1 0 01 A
14 aUO0 .TO0 500.0 r

fIVFR 500.0 0

TOTAL NU BER OF ELLIPTICAL ARAS -. I A
19 FLATIRNES wITH AREAS LESS THAN 9.1) )(3. METERS WFRE ALSO PECOGNIZEC)

UY PERIMETER 5Y SHAPF

SMET)HS FEET FREQUENCY SHAPE FACTOR fREOUENCY

0 1l 7 0 TO 2? 0 O,0 To 1,0 0
7 TO 10 2 T " 2 0 1.0 TO 1.1 0

10 e) 3'. :? Tn 39 0 191 T 0 1.2 0
12 li) 1 ,1 5 9 Ti 45 0 1.2 TO *3 0

1 ' III) 16 ,oS TO S? 0 1.3 Ti0 1.Q 0
16 TO 17 52 T I, 15 0 /1 TJ 1.L) 2
17 TO 1) 5' TIp 5 2 .1,5 TI U 1.62
? 0 TO 22 h; T 72 ? 1.6 Ti) 1.7 I
2-.2 II) 7; 7? 10 [3 0 1.7 T!( 1. 0
2- 10 T 'f) 7. A (1 A 5 0 3A T!) 1.9 2
?6 70 2?8 #0,% TiJ 91 0 1 10 2.0 0
?28 TO so QI TO (I 2,a0 TI) 24 2
30 1r- A OP To l'J 0 LI 7O 2.?h
3 ? 111 39 1 (1 Ti) 127 6 ?,6 Ti) 0 .B 0
39 Ti1 '15 127 Tr r) l 1 ?.8 Ti) 1,0 0
£J1 .1 55 I1t7 Tr i 'n 0 7. 0 TO 3.5 0

TO5 II 71 1 fij O T ,e 1 e 3.5 T 1) 4.0 0
71 TO 100 23? TO 3?8 1 .0 TYO 4.5 0

Ov(ER 100 C,.VF R 3?j 0 t)VpR U.S 0

3.5-275
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Mi4CHIGAN WINTER SCENE - LAND & WATER I
I

Power Spectra1

Spectral Bands; 3.5 - 3.9 pm I
4.5 - 5.5 jim
9.9 - 11.4 pm

A

AA
Ij
I

I

I
I

I. I
.' I
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LB IM

MILL CREEK, OKLAHOMA

Pertinent Scene and Flight Information

(Date of Fli;ht, 30 June 1972)

3.
S• For specific discussionsa of these and associated data for tihs :•cenory,

S~refer to Reference i

3.6- I
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iI

MILL CREEK Data

Wavelength Ban•ds:

1.0-1.4 pum, 1.5-1.8 pm, 2.0-2.#j pm, 9.3-11.7 pin

IFOV: 2.5 mrad (cross-track); 5.0 mrad (in-track)

Altitude; 3000 ft Depression Angle: 900

Time: 0730 hrs Flight Direction: Southeast

*" •-Ground Speed: "'200 ft-sec-

Area Covered (Approx.): 4000 ft long x 4800 ft wide i

SMeteorology: Visibility 30 mi; dry; cloud cover 30%

A

36
iI

I.I

• z• 3 .6 - 2
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,.0 1- .4 •m 1.5 - 1.8 iln

• 
-.

2.0 "2 6 9.3 1.1.7 -ir

1,1 NE SCAN IMAGLS R(oDUCI I) 1FROM THE' VARIOUS INFRARED CiRAN4EILS 01, IMIL CREEK-
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i GREYMAP OF MILL CRFFK

I. i (Note: Line range of analyzed scone was 1 -330; not completely

shown here.)
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MILL CREEK, OKLAHOMA

His Lograois

Spectral Bands: 1.0 - 1.4 pmn

1.5 - 3.8 11m
2.0 - 2,6 man

9. 3 - ]i. 7 m

dev~allon antf cmlIsogrfImi. Ani "'S" (Jf Nomehl cIurv( I nih at (H
til lo.lla.I ~,, becatuiv of 11 iil Lti oii ~yi Iii isut. I Iiq suiflv V( WINC i leiouy exisHt.
buycaid 1-ii digItal 11mi is of' 0 and 255, ILe digi tal dIyi~rlcTI rungely Of
thie dra a procuuss 111g.
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PERI-M-I

MILL CREEK, OKLAHOMA

Means and SJtandard Deviations for Spectral Bands

Correlations Between Spectral Bands

*-1- -1
Spectral Bands: Channel 2: 1.0 - 1.4 pm (1W-cm -sr -pm-)

-2 -l -l)
Channel 3: 1.5 - 1.8 pm (W-cm -2-sr -1Pm )

F. •<lj~q-2 -I -1.

- Channel 4: 2.0 - 2.6 pm (IiN-r2 -sr -pn, )

Channel 5: 9.3 - 11.7 Ipm (OK)

P*

4=

Beciause of the relatively small temperature changes in the scenery,

thi.re Is ki nearly linear relationship between the temperature and radiance
Littistc.;t, for the thermal channels. II is pertinent, therefore, to compite

_, correlatlons between radiance and temperature channels.

3.6-11
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MILL CREEK

Number of Subregions = I

Pixel Subarea Divisions at: 1 645

Line Subarea Divisions at: 11 276

Line Increment Used - 1

-Pixel Increment Used = 1

Corr'.lation Channels: 2 (1.0 - 1.4 pvm)
3 (1.5 - 1.8 Im)
4 (2.0 - 2.6 vim) -

5 (9.3- 11.7 pm)

Correlation 2 3 4 5

2 1.000

3 0.835 1.000

4 0.869 0.880 1.000 4

5 0.052 0.256 0.245 1.000

A

Channels 2 3 4 5 1
Mean 1.1220E+02 3.5919E+01 4.1767E+00 2.9811E+02

St. Dev. 6.2268E+0i 2.0177E+01 2.9106E+00 9.7983E-01

Total Points 171570 171570 171570 171570

3.6-12
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M1ILL CREEK, OKLAHOMA
I

Ellipse Statistics

Spectral Bands: 3.0 - 1.4 pm
9.3 - 11.7 om

I

3. 6-33
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MILL CREEK

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

MY grAThreshold =Mean + 2.50 a
UULARE "IETFRS FQE1ttACY Wavelength =1.0 - 1.4 um

0.11 TO 11io11 Mean m: 112.20 uW-cm 2 sr JIM
100.11 TO 211o.0 21 1 1
210ifn I tit 15 It0V 62.27 PW-cm-2-sr1  im1

M'~~nT 15111.110

?(100. 1) Ti) 25 011.1 1

u 1) .n Ii I I~ tI!II)

(I (1 10 1; 1) Vn ..0

61,011.0l TO' Aton'.0
81,01. 0 TO~ A'o 11 r%
I0I,0f 1 ':)1911 3'f~ .~

rI~,0, (1 1lu f~inpir (I
2 0i'L)(I ti~f no1t3 It nn* 0 1

TOTAL NUMBEFR OF ELLIPTICAL AREAS - 6 ~0

rVET FREL!t SA!'F F 4C TOR FR -.~'ill4C Y
0 11 SO 0 TO) Ih'J )31 0.0 TI) 1.0 0

tpo i n too 16I4 Tit 3~ ',AO. Tf1 1.1
too I1" ISO 32AI Tot I*~? I . Tl 0 1 4

ISO I i 00 LIq? To ( t 66 h I. Tfl I.S
?00 Tn 2,i0 6S b Ill pi~ e? 1.3 i1.; 1.4
?5 0 Ill 300 .421 T"l 91 I I.f Tn V ' I
7,110 7. 31)0 Q m T 1 11'3 11A ' I.. 7

4100 TO 500 13I VI I.0' ( 1.0 T1' 1.8 1I)
5010 11 600 I 61it) T~ r. 19 0 lea TI) l.1 4600O 11 74v 10(11~ 1 1in ?1 0 1.9 Tno P.11
700 Inl 800 2Z "It Tf n~' 2it 0 . 1?0
Bo0 ii 900 ~1JT(I' 191 0 ?. i 246
900 1") I nIG ~ 3.?' 1 P '~

ti,) "(1I.Ž0 3? " To 51)1,1 V., I '.6 1-1 41
17110 1" 1I a0 P 1()31 T!' 1 4 1. S)

110 16011 11,03 j TOi v'IP .3. 1' I
? lbo 11,~ "'r 4 e 6')o 1 0 3 r, 111 4.

3.6-15
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P1 P 6116
L 330

S-i

, '

4850 fIL

Area: MILL CREEK (Wavelength =1.0 - 1,4 jim)

Radiance Threshold = Mean + 3.00
•W c -2 _s -1 _• -1iMean -- 112.20 p - m s p

i W c - 2 - 1 -1SStd . Dev . = o =62.27 u cm -sr -pum

EQUIVALENT ELLIPTICAL AREAS

- -h
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MILL CREEK

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

FIY ARFA Threshold = Mean + 3.00 a

SaiiARE mEmtIS rFr'nurF.cY Wavelength - 1.0 - 1.4 pm

11.0 IU 11*o 171• Mean = 112.20 pW-cmn 2- sr 1l-pm Il
0ti*.o TO ?'n 0 7 62.27 Wcm-2 sr-l m-1

21011.0 TO 5 a 1 -7r -7
S0n.f 101 I1(10.0 3

1 itol'l n I• Vm 1tri n.fJ 0
15011.11 10 j..Inft 0I

?'.o0o.5 TI.) 25tio).n n
? 5 v!). at II ', 1 .11,1) 0'1
3S0O,.t fli TU 4'q)0. 5 O
3l',O~l, TO M) 1. "00 .5 ) 0
,511.00.0 it) 1')5) 1). 0
5wO to o TI) 6 If A5A
6,to 0, 0 1T1 0 ,ItIl. I 0j
A it0, . n T I) 11'1114A.. 00

1! Oj 0 4 , IU 1 1; .j fa. ,*# A

Ibool..n TO ;!A .4,'1 , 0
~. , 1501):1. flo 11) 1'I;hii'.1 * ) 0

RO1 0%. n li1 I n. 0

nVcR i ý,,,' o) n o 0

TOTAL NUiECtE OF ILLIPTICAL AREAS - Igol

., 4Y PFwl'-4LTLR Bly so+&lU0

mr7F'+S rrFT F RF'i L.'r,' V 4APE. I,*AC1IIR F;I.ctHlIF.N Y

o0 in So 0H T! t1Fu 1(69 O.) TO) 1,0 0
50 Tn too0 I6I Tll 3VA 11 i.o in 1.1 0

1I)0 T'I 1%0 32V Ti 4 (4'11 1 1.1 10 1.2 let
15so in 200 4 9;2 fri ,! 5 1• tT1 1,.3 3

2001 In! ?SO 656 '111 41 0 1. Id S A1. 1"i
25,0 V 30 R3n 82l T n '%a 1 1,4 11 1.'j oP

300 1'i 350 PSia TO 11i) o 0 1.5 t,) 1.4 14
351) Tn 1nO0 I I l Tn 1512 0 1.6 To) 1.7 11

A00 in 5AO 131 ,1 T .1 I16lj 1 ,,7 I -II,,, it
5i00 Tn 6)0 1O (•01' TI1 I 1hA 0 1. if T 1.9 i.
600 in 700 196A Tit ?P1', 0 1.9 t?.; ?.V I
700 in snO Z2b Tio P0?,1 0 Pon I1 2.0 2
floO 1.1 Qfl ihpliU TO !'0W 0 P.2 T) J1.1 2
9 1it in 100 .!•,'? TIl 3prnO 0 2.4 1TO #. 0

1OV0 TOn inOu .i,,n 3T'7 0 P.0 71., P. ),
17..00 I.1 1pi ) 3a4/7 t() 4'pq3 0 ?a *1 3.1 ,
I fltu 1. 1 t(ion 'I'jIs3 III i?:It'1 0 3,0 .1 , 1 S. 5 0
I(,0o Tri inno0 III" 10 1,1 6,s h1 0 3.5 it) 01n 0

O(]v t , ,,?+hen '1V0 R to') 5.1t 0 4,v0u s .o C

. 3.6-17
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P I P 61'•1

L330 A

41

e I

rt

-OI

41 -h

S• -

LI
4--- ---- 4850 ft

Area: MILL CREEK (Wevelength 9.3 - 11.7 wm)

Temperature Threshold = Mean + 2.50 A

Mean = 298.11 Kelvin
Std. Dev. = a = 0.98 Kelvin

EQUIVALENT ELLIPTICAL AREAS

|.
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MILL CREEK

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

ByP AREA Threshold - Mean + 2.50 a

8f•,IARE ,• rPrE , fP,.1F.'C f Wavelength = 9.3 - 11.7 pm

i.n IC) 11) o' Mean = 298.11 Kelvin

I0i.n l1t. .?",,'., 16 a = 0.98 Kelvin

5101). ' T1) 3 F"•.,i*

I (J)O,0 TU, ! 5,1.I'. 3
I 'joto. n 1"0 N•'IO * a 1

!i0'i l.* • Ti) If , #, I'
bSjtofll. 1, I 3r""ra. 1, !

3t ,t:.% .') 1(3 iir.f'..•.0 C

Iglilet*, t• i, fi, th f.0 a
tI L'. i, , n o t l , t''P.noq 0

,0 °rl ,1 ,11 I 1(*

8hg,'~.. ,n 1• | gn'A,'..C• 0

I jtOl~ip. ) l I 'fAU,0*.,•11 #toil. A) 11' intl(!I .I

,000• 1. 0 10 o, 111 ,ti) . 0

OVFtRI 16, n, 0. a

TOTAL NMER OF ELLIPTICAL AREAS -

.Y PFRI"Fi4 r 
LIY

I.
m ! i . St4APF. F &C1to'? Fit-,i|' , otI",(v

Q *jb•VU) lhI2.• 1 )*A. TId j.) (3

:0 Ts 1 9W 0 1 Ihit1 9 0

s-o i n too Ihl TOI "P 3? 1.0 0t)

100 In 150 3;? IT, a,? ) 1.1 I 1.2 t6 1

1O0 1`1 100 9i,1 T1 r,"'I, 
T I.? T9 l*

P.d I 2 0 ',Sl i i, t?n I I ll l U ,I p.7

2P.to in 300 4;!f' 111 (1 9!.a I I) 1. In

' 3,10 1' .'•0 Q I I: 'Jtq 2 I. i T . II

3 350 1" O 1 I,1 Ti0) 131' 0 ,4 TI+ 1.t

IwttO 1'' Sao 1312 It, 1130 44 lot Il Ii t%

'jl00 1T'1 0flQ0 o4'• tr, I Qhi I .1 l." I t. qp

boo i"l 100 1 Qtin 1 3,Wo TtJ !.O I

71p0 In ,3nA0 z;),'j 1 (1I - 0 0. TV

900 ill 1On0 n 31;P T'l V, 1 ?,,o T
U'Ito0 n , I 0 '4Iro to it, ) 3.'7 0 2. Ij, [A

PI .Eu I'' I I'r" y'/ Itfi t 1 0 ?.A IIf . 31 .0

In I nl 1' (•00 'g' '.; ir t,?.'1 0 TCl 1 T s 3 U

16oO 1'1 7,00 r,10 If, h'W., 0 3." ii• 4.0
r..Vi'• •+0()' rhslh• b''s) I f'.v aa.=0

•,,+ •3.6-19

+A4

L 

--

•-



L 330 P 
P4

L I

4 1,1 0 f

Area: miU.I CRI l-K (Wavelen~jth 11,7 - p11 )

JelljpL'rdtUr-c 1hrjthCojd -leall 4 3.00 o1
Meani - 29f(311 relvlin

Sjtd. Dev. ui w 0.90 htfvill

LQIUIVAI INT II ITI Al. ARIMA

-. ~3 Y. Q



TRIM

MILL CREEK

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

AV ARE.A Threshold = Mean + 3.00 a

tDIIARE METFRIS F~f.esf;i.Y Wavelength = 9.3 - 11.7 um

u.4 iu ano., H? 'lean = 298.11 Kelvin

1C0.,1 TU Z9o0o 1 2 = 0.98 Kelvin
2 0%,. .n .1 r 5 1 n ,, 7

54)L).I TO I +O0f.0 'a

IlitI).( 1 1 Q 150 11.l
I 5n o v.i Tu 2,,n'0.o "I

"8o.o u 10 0'l"t). 0

* I Gi ?.r1a,1100 r

e r. 1 4 n INr, 0 0
c~l (~I 1| -i.1 l' 1* 1 it -)0

•) T 50 TO TI"00.o 0

80 . 1'0 1'"1 1 n l•1 o I . n 0

110 t. 0 % (1A .t 0I ~1. f715 I 2t t,. I.+ |"+' l O. 0 0t.! T i:

C.,0 p~ n 0 C. I n 91I L T) 1¶

100,)o ) 11 150 ') .U 0"

.350 ir, 3d. 1 1  * fl C I n• ,). • 0 16 Il '.

I VF 3, l. 0 I 6n 3 0

TOTA"L. NMILw.fe OF E.IIPmICAL. AREV.AS " 133

•y ~~~~A SHAEI. IY.MPE

M~rIF.RF EF: F P. r wI ..,!r 5 FPAI'CT11,14 F 0t.,,*, "IC .Y

1,110 1T 60 "1 so 1,1 h'I 0 1.41 1.) 1 .0 0
:.50 in 110 1+ h n "14 t17 . + .

100 '1 )1 C, 0In A 0 t. TO1 1.? 77

35 0 11 e0l nod In 13 1 0 2. in 1.i.7 T
IlllO 111 500 13!2 10 [. 1 16 0 1.7 t .P4

6 otijl 7110 19ft R, Inl 224h 
4•0.'t• +')i

700 T"I Q) • T8) 1 to' 0 .41 To Pj.2. 5

Boo 1 J 11,7 ,'9' 0 29 0 e I' TO 0..
9(10 1" I, '1 , 2 ,011 T 3240 0 2.t TIN ?..b

t6 1O TI I ?.n' 1) , 7 3. 1" :'j , 1 3,0 1,,'0' t

1400 11' 16no ,,p,,).; 1I (1 5•'Jq u *J.5'(1 %,•,

16jog ?I .O 1 ; '21i1e) I ", 65 1 0 3. TO, 4.4•*

tflV•CQ p d •IvP ' , It, 0 ''.1 + 3.,2u 1

4*..+ 
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MILL CREEK, OKLAHOMA

Power Spectra

Spectral Bands: 1.0 - 1.4 vim
1.5 - 1.8 vm
2.0 - 2.6 oim
9.3 - 11.7 Pm

3 --2
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S~MONO LAKE, CALIFORNIA •

S~Pertinent Scene and Flight Information

•-•(Data of FlightL: 23 September 3-968) -

fI

I°I

, ~For spec.iflc dlqci.vqý these and associated data for tfhis -•;cenery,

rL, Ucr t-O l~fefrenTlV 1.

: 3.7-1
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MONO LAKE Data

Wavelength Bands:

1.0-1.4 p~m, 2.0-2.6 i'm, 4.5-5.5 pin, 8.0-13.5 pm

IFOV: 3.5 mrad (cross-track); 6.6 mrad (in-track)

Altitude: 4000 ft Depression Anle: 900

Time: 1000 hrs Flight Direction: South

Ground Speed: I200 ft-sec-1

Area Covered (Approx,): 3100 ft wide x 6750 ft long

Meteurology: Visibility > 15 mi; clear arid bright; dry

I.

-A-

3. 7-2
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MONO LAKE, CALIFORNIA

Histograms

Spectral Bands; 1.0 - 1.4 pim
2.0 - 2.6 jim

4.5 - 5.5 jim
9. 8.0- 13.5 pim

*Circles define a GaqiLNIan curve with1 the same mean and standard
deviation mq the actual histogram.

3.7-4
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0a 5 .5M

F

F
I

T MONO LAKE, CALIFORNIA

d o Means and Standard Deviations for Spectral Bands

. co Correlationo Between Spectral Band .

S-2 -1_ +-]
SSpectral Bands: Channel 2: 1.0 - 1.4 lmu (jaW-cm -y.r -i

SChannel. 4: 2.0 - 2.6 u'na (i'W-c'n -y-r -jim )

S~Chantnel 20: 8.0 - 13.5 jiam ('K)

, • The Mono Lake data were collocted wtth arn Mt. nrannvr wi tht th-rrn'wtl
calibration plates in part of rthe scanner field-nf-vlrw. The 8.0)-13.5 11lil

t ~detector and the 1.0-] .4, 2.0-2.6, 4.5-5.5 put detec.tors wi~re on opj"'nht,"
is - ends of the scanner and are not In spat'jail rcg|itrtttIon. Ibn.rr. uh...t in]

• ~correlatlion coefficients were not determined bettween thy 8.0-] 1 ,111 dJi dit,

S •and the 1.0-1.4, 2.0-2.6, and 4.5-5.5 jim data.

3.7-9
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MONO LAKE, CALIFORNIA

Ellipse Statistics

Spectral Band: 4.5 - 5.5 Pm
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1 M P 311

L 266 1I

A

00

"~C 00 0t

0 0

- * I

cz,"" -:-

o 0

" ~0
A0 -

4 - 3100 ft

Area: MONO LAKU (W•JLlength = 4.5 - 5.5 pm)

Temperature Threshold = Mean + 0.63 a

Mean = 285.52 Kelvin

Std. Dev. o ,134 Kelvin

EQUIVALENT ELLIPTICAL AREAS

S3.7-12
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MONO LAKE

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Tireshold = Mean + 0.63 a 1
SQUARE METERS FREQUENCY Wavelength = 4.5 - 5.5 uim

Mean = 285.52 Kelvin
ec.o TO 100,0 0

100.0 TO Iso.0 60 o = 1.34 Kelvin
15A.0 TO 200.0 19
20n.0 T)O 250.0 1
2sn.0 TI) 300.0 8
3•u0.0 TIr' J0ou 20 -

40.0'0 400" 1

TOTAL NUEIBER 02 ELL;,'CiCAL AREAS - 1 7A

87 FIATIRES wITH AWRFA, LER3 TH&NB0.00 S0. METERS WERE ALSO RECOJNIZFI)

IY PERIMtTER BY SHAPE

MET ER RS FtET FREG0tNCY SHAPL FACTUR FRIU'JLNCY

10 Tel 1? 3? TO 39 0 1.1 'to 1.? 11
It T 1" 39 To 4,5 0 12 T I. I 39

4b TO 17 45 TO s5 0 .3 TI) 0,% 1.
14) TO rl 17 S Ti 0 92 0 1 .3 TO I2 ,1-
17 TO 20 5% TO) h5 0 I*% TO 1.6 1 1
20 1f) 22 6L ITI 72 0 ., TI' 37 10
22 T) 20 72 TI) 78 0 1.7 T1) .8 1 0
24 in 26 7R To AS 0 1A i1' .,0 8
26 To) P8 b% TO qn 1 i , ) . 1y
211 70 30 (1 TIO 9f 0 ?.6T' ' 1 0
30 To 32 9RTo 10k o I0 1) T 0 2P.6

v- 32 T(O 39 10 TI) 127 0 2, 7 I 2A. H
34 10 '45 I27 T 11 3 17 30 ? TO 7') 3A0 I
14' TO ,5 307 Ti' 160 23 3,0 1,"

5b TO 71 180 fi1 ?32 pq 3.- TO 0,0 2
71 1o 300 ?32 1n( 3?h 32 a . TI11S

tIVLR 100 Ov R 3PM 62 'IVF W 4,5 2

fe

""a• 3.7-13
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MONO LAKE

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

OY ARfA Threshold Mean + 1.63 '•

SUOiAbWE ETFRS FREQUENCY Wavelength = 4.5 - 5.5 0im

60•.0 It) 100.0 0 Mean = 285.52 Kelvin
1 ln.o0 rU IS0.0 = 1.34 Kelvin
150.0 71) 210.o 0
200.0 To 2s0.0 020 .nn To 360.0 3 /-

'4071.0 TO 500.0 0

.. C)III t.

TOTL, UIMBEUR OF EI.LrP1LCA[. AREAS - 23

1f ýt1AT :INf- :ITH APEAS LESS THANOI0.O Sq. METERS WERE Al.af "EcardtdiZEcO

H lV PE R Iit Tl I BY S•HAPE

iTMf I Iw LI FkE(JULNCVY S,4APL FAC7I0 FRIýoI.ItNCY

S-- 0 10 7 0 If 7? 0 o.0 TO II I1
7 YT ) "r ?? TO 32 0 ,1.0 TI l , 0

to Tr) 17 3) Tn V5 0 ,.1 1I' .2 41

LI l fl 1b Q0 Ti) 0- 0 . TI' 1., 2

11 • T) 1 l 7 t,? I f) 0 ,7 TI) 1._
I-- ftI 17 '%1 To '5 0 %. 11 II, I . f

-])1r7 I ,' 20 5 II hr 0 1* 1)' 1,• .

-0 TI) i 1 , T1 7• ? 0 1.' IS 11 .7

7?TO TO 72011 8 0 17 0,1,.9 0

"PH, 111 30 91 III 9 0.
1o 10 3? 9 A 1, 1~ In" 0 ?I '2b0

3? T) 14 1 1) 11* 1i ý I 1'V 71) b~.~ n

39 11) a~ -, 1 7 11, 1 17 ?I 111 3i .0 I
u 1, 1'f) 55 l i I 7 .1 1'i A lr Ti It 1.1,

%,1 1'' 71 I tin 711 ',' v 3.'" 7, 'in 0
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NELLIS AFB, NEVADA I
A7 Pertinent Scene and Flight IT'formation ]

(Dates of Flights: 25,26 February 1978)
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ZIRIM k A

Mountainous Terrain I
Wavelength Bands:

NEVB: 3.5-3.9 pinm
NEVF: 3.5-3.9 rmn
NEVG1: 2.0-2.6 pm, 3.0-4.2 pim, 4.5-5.5 pm, 9.0-11.4 vim
NEVI: 2.0-2.6 pm, 3.0-4.2 pm, 4.5-5.5 pm
NEVM: 3.5-3.9 pm -
NEVN: 2.0-2.6 pm, 3.0-4.2 pm, 4.5-5.5 pm, 9.0-11.4 pm

IFOV: 2.5 mrad

Altitude; Depression Angle;

NEVB(F,1 ,M,N) NEVB(F,I,M,N)
1000 ft 35"

NEVCI NEVGI

1750 ft 90, -4

Time: Flght Direction:

NEVGI.: 0930 hrs NEVB(F,I,M,N): East
NEVF(M,N): 1100 hrs NEVGI: West

NEVB(i): 1500 lirq

-II
Ground Siced: 200 ft-sec A
Area Covered (Appurox,): 1.750 it wide x 6750 ft long

Mv t eornl or',Y:

(2-25-78, AM) - NIVF(Gl ) 4
High, thin scattered clouds; visibility S mil.

(2-25-78, PM) - NEVB(1)
Scattered clouds; ]lght haze; visibility - 35 ml.

(2-26-78, AM) - NEVM(N)
BIig): overcatI; light haze; visibility - 1.5 ml.

3. 8



Desert Terrain (Including Dry Lake)

Wavelength Bands:

NEVC1: 3.5-3.9 pm
NEVHI: 2.0-2.6 pm, 3.0.-4.2 pm, 4.5-5.5 pim, 9.0-11.4 pm

= NEVL: 3.5-3.9 pm

r •IFOV : 2.5 mrad

Altitude: 1000 ft DePression Aogle: 350

Time: Flight Direction:

NEVC1(HI): 1100 hrs NEVCI: West
NEVL: 1600 hrs NEVH1(L): East

• --1

Cround SpEed: 200 ft-sec

i • •Area Covered (Approx.):

NEVC1 (Desert): 1750 ft wide x 3400 ft long

NEVHI(I.) (Desert): 1750 it wide x 3400 ft long
((Dry Lake): 1750 ft wide x 3400 ft long

II Met eorology:

NEVCI (1'.)
High, thin scattered clouds; visibility = 15 mi.

F NEVL

SComplete cloud cover; light haze; visibility 35 mi,

mi -- 3,.H- 3
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NELLIS AFB, NEVADA

i*

1.. Histograms

Spectral Bands: 2.0 - 2.6 i'm
3.0 - 4. 2 pin1

3.5 - 3.9 i'mI
4.5 - 5.5 pim
9.0 - 11. 4 prn

.ii

2I

Circe ls def ine a. (;aiissan curve with1 the same mean an~d stalldlard
deviation as the actual hi stogram. An "S" Oil 9some CUrves ind-icates;
saturation. Because of Jimits on gain settings some va1 ue,-; may exist

i' "'Iito rm

t Stets Bands 2.5 - d .6 da 4l:o

3.0 -a~ 4.2 esnn -
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NELLIS AFB, NEVADA

Means aad Standard Deviations for Spectral Bands

Correlations Between Spectral Bands

Spectral Bands: 2.0 - 2.6 pm (oW-cm-2-sr -jim 1

* 3.0 - 4,2 pm ('K)

3.5 - 3.9 i'm ('K)

"- • -4.5 - 5.5 i'm ('K)

9.0 - 11.4 Pm ('K)

Beciuse of the relatively small temperature changes in the scenery,
there is i nearly linear rc]ationship between the temperature and radiance
statistics for the thermal channels. It is pertinent, therefore, to compute
"cortelations between radiance and temperal ire channels.

3.8-37

= -



-77

MOUNTAINOUS TERRAIN

NEVB

Channel: 2 (3.5 - 3.9 pm)

Channel 2

Mean 2.9819E+02

St. Dev. 7.1665E+00

Total Points 355600

NEVF

Correlation Channels: 2 (3.5 - 3.9 pm)
6 (9.0 - 11.4 pm)

Correlation 2 6

2 1.000

6 0,880 1.000 4

Channels 2 6

Mean 2.9676E+02 2.8708E+02

Std. Dev. 9.94282,+00 6.5334E+00

Total Points 355600 355600

NEVG1

Correlation Channels: 1 (2.0 - 2.6 pjm)

2 (3.0 - 4.2 ipm)
5 (4.5 - 5.5 im)
7 (9.0 - 11.4 pm)

Correlation 1 2 5 7

1 11000

2 0.837 1.000

5 (.793 0.894 1.000

ft 7 0.810 0.899 0.983 1.0(0

Channels 1 2 5 7
II

Mean 4.21.20E+01 2,91122E+00 2.8373E+02 2.8506E4+02

¶ St. Dev. 2.35 8 01-,+01 8.890(E+00 4 61001-+00 6.35001-00

Total Points 610400 610400 6]0400 160400

"I" 8! "• 3,8-38



0 VIRIM
MOUNTAINOUS TERRAIN (Cont'd)

NEV I

Correlation Channels: 1 (2.0 - 2.C iini)

2 (3.0 - 4.2 pm)

5 (4.5 - 5.5 pm)

Correlation 1 2 5

1 1.000

2 0.740 1.000

5 0.612 0.804 1.000

Channels 1 2 5

Mean 5.5750E+01 3.O0000E+02 2.9068E+02

St. Dev. 2.3280E+01. 7,2800E+00 4.6000E+OO

Total Points 349600 349600 349600

NEVM

Channel: 3 (3.5 - 3.9 pm)

Channel 3
%

Mean 2.8360E,02

St. Dev. 3.8200E+02

Total Points 34966')

N EVN

Correlation Channels: 1 (2.0 - 2.6 jim)
2 (3.0 - 4.2 uim)
5 (4.5 - 5.5 u'm)
7 (9.0 - 11.4 um)

Correlation 1 2 5 7

1 1.000

2 0.255 1.000

)5 0.413 0.539 1.000I.
7 0.398 0.565 0.910 1.000

Channels 1. 2 5 7

Mean J.7300E+01 2.8568E+02 2.8312E+02 2.8537E+02

St. Dev. 5. 2800E+00 3. 6500E+00 1.50OOE+O0 2. 2300E+00

Total 1'ointA 349600 349600 349600 349600

-3.8-39



LERIM

DESERT (including Dry Lake)

NEVC1

-Correlation Channels! 2 (3.5 - 3.9 pm)
6 (9.0 - 11.4 p'm)

Correlation 2 6

2 1.000

6 0.335 1.000

Channels 2 6

Mean 3.0955E+02 2.q875E+02

St. Dev. 2.4900E+00 1.3500E+00

Total Points 176400 176400

NEVHIH

Correlation Channels: 1 (2.0 - 2.6 urm)

2 (3.0 - 4.2 ijm)
5 (4.5 - 5.5 ijm)
7 (9.0 - 11.4 11m)

Desert

CorLelation 1 2 5 7

1 3.OO

2 0.408 1.000

5 0.015 0.188 1.600

7 -0.001 0.102 0.584 1.000

Channels . 2 5 7

Mean 7.3960h+01 3.0745E+O0 2.9502E+02 2.9872E402

St. Pev. 1.1750E+O1 2.7700E+00 0.8700E+00 1. 21.001400

-Total Points 349600 349600 349600 349600

I3

-4-

LI



ii-I

DESERT (including Dry Lake) (Cont'd)

NEVH1 (Cont'd)

aj Dry Lake

Correlation 1 2 5 7

"1 1.000

2 0.737 1.000

5 -0.830 -0.487 1.000

7 -0.935 -0.690 0.902 1.000

Channels i 2 5 7

Mean 1.4324E+02 3.1290E+02 2.9016E+02 2.9194E+02

St. Dev. 2.2090E+01 3.5200E+00 0.9100E+00 1.5700E+00

Total Points 72400 72400 72400 72400
p..

NEVL

Channel: 3 (3.5 - 3.9 vm)

Desert

Channel 3

SMean 2.9260E+02

St. Dev. 2.2100E+00

Total Points 136400

Dry Lake

Channel 3

k Mean 2.8711E+02

St. Dev. 2.8900E+00

Total Points 72400

,3L.84

? ~3.8-41
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NELLIS AFB, NEVADA

Ellipse Statistics

Spectral Bands: 2.0 - 2.6 t.m

3.0 - 4.2 2'm

4.5 - 5.5 pm
9.0 - 11.4 pm

3.8-43
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P1P23 -
81 7 5 0 f t 8 3" -

OVf'

- i ,, a.. . .

L449

le

3, "1

LISS -1

Area: NEVN (Wavelength 2.0 2.6 l m)

Radiance Threshold =Mean + 1.50 o

Mean 17.30 IjW-ci -2 -sr -1 -vi -

Std. Dev. - 5.28 1,W-cm 2 s-r I- tm-

EQIJIVALFNT ELLIPWICAL AREAS FOR NELLIS MOUNTAINS
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ERIM

NEVN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD A

tdV AREA Threshold = Mean + 1.50 o
SQIJARE MEIFRS FREQUENCY Wavelength = 2.0 - 2.6 Pim

-2 -1 -1
Mean = 17.30 oW-cm -sr -wml

80.0 TO 15.0 2 o6 = 5.28 -1 c

15.0 TO Z0.0 1
20.0 TO 25.0 69
25.0 To 30.0 26
30.0 70 35.0 M0
35.0 Li 40.0
40.0 TU 45,0 19
M5,0 1U 50.0 Is
150.0 TO 75.0 38
7S.0 T0 100.0 1a

100.0 TO 1S0.0 Is
150.o TO 200.0 13

S200.0 1O 250.0 6
250.0 To 300.0 2300.0 10 Q00.0

- d400.0 TO 5,.0 2
OVER 500,0 12

TOTAL NU}•BER OF ELLIPTICAL AREAS - 8M6

32408 FEATURES WITH AREAS LESS THAN 8.00 5n, MF.TFR8 WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METLRA FEET FREQUENCY SHAPE FACTOR FHEQUENCY

S0 TO 7 0 TO 22 0 0.0 To 1.0 0S7n 10 22 TO 32 0 t.0 TO 1.t 0 I
to TO 12 32 TO 39 0 1.1 TO 1.2 18

12 TO t4 39 To 45 13 1,2 To) !.3 4 1
14 T10 1 45 To 52 92 1,3 TO 1,4 111
16 TO 11 52 TO S5 M7 1. 1 TO 1.5 S
17 TO 20 55 TO 65 172 1.5 tO 1.6 127

S20 TO 22 65 l0 72 86 1.6 TO 1.7 20
22 TO 24 7? TO 7I 22 1,7 TO 1.8 145
?4 TO 26 7R TO 8a 19 1.6 TO 1.Q 19
26 TO 28 85 TO 91 48 1.9 TO 2.0 52

S28 TO 30 91 TO 1 29 2.0 To 2.4 145
30 T1 32 91 TO 104 ze 2.it TO 2.6 45
32 To 39 tO1 To 1?7 53 2.6 TO 2.0
39 TO 45 127 Trn 1t7 38 2. TO 3.0 22
45 TO 55 1117 TO 1n0 40 3.0 TO 3.5 34"55 T1 71 180 Tn 232 36 3.s TO 0.o 1
71 TO 100 23k T,1 328 00 4.0 TO 4.S 18
CVy, 100 OVL,, 328 78 OVER 1.5 31

3.8-45
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SplI P523 :
88 23 1750 ft P 2S~~ ~-L883 •I::-
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1
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L449-

- -

SL15

Area: NEVN (Wavelength =2.0 -2.6 om)

i Radiance Threshold :Mean + 2,50 a"

:" iMean = 17.30 j,W-cm-2-sr-l-of

SStd. Dfty. = =5.28 PW-cm-2-sr p-mI

- EQUIVALENT ELLIPTICAL AREAS FOR NELLI5 MOUNTAINS
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NEVN

DISTRIBUTION Or ELLIPTICAL AREAS GREATER THAN THRESHOLD

Y• AREA Threshold Mean + 2.50 I
SQUARE METERS FREQUENCY Wavelength 2.0 - 2.6 pm

Mean = 17.30 jW-cm 2 -sr -pm-lI
8,0 TO 10.0 69 -2 -1 -1
10.0 To 15.0 -s = 5.28 jiW-cm -sr -pm
15.0 10 20,0 36
20.0 TO ?5.0 21
2S.0 ro 30.0 2
30.0 TO 35.0 0

S 35.0 TO o0.0 2
40.0 TO 4S.0 3
45.0 TO S0.0 3
50.0 TO 7S,0 A
75.0 TO 100.0 1
_00.0 TO 0 o
150.0 TO 200,0 0
200.0 TO 250.0 0
250.0 T0 300.0 1
300.0 10 400.0 1

,400,0 T L 500.0 0
"OVER 500.0 0

TOTOL NUNBER OF ELLIPTICAL ARFAS - 106

1089 FEATURES WITH AREAS LESS THAN 8.00 30. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FtEQUENCY SHAPE FACTOR FREQUENCY

0 10 7 0 TO 22 0 0.0 TO 1.0 0
7 TO 10 22 Tn 32 c t 0 TO 1,t 0

10 TO 12 3e To 39 0 1,1 TO 1,2 6
4I TO 10 39 TO 45 4 1.2 TO 1.3 0
1' to 16 415 TO 52 19 2.3 TO 1A 23
16 TO 17 52 TO 55 1i 1.0 To I.5 1
17 TO 20 55 TO 6 4'2 1.5 TO Job 29
20 TO 22 65 TO 72 29 1.6 TO 1.7 9
22 TO 24 72 T,) 78 10 1,. TO t.8 44
2- TO 26 70 TO 85 0 2,f TIo .9 2
26 TO ?0 8S TO 91 16 1.9 To 2.0 16
28 TO 10 q1 TO 98 7 2.0 To 2,0 427
3o 11) 32 98 TO 100 9 2,0 To 2•.6 6
32 10 39 10oi TO 127 ii 2,f TO 2.8 3
39 TO a5 127 TO l17 9 2.8 TO 3.0 5
45 in 55 147 To 180 a 3,0 10 3.5 2
55 TO 71 160 TO 232 a 3,5 TU 4.0 J
71 TO 100 232 TO 328 4 41,0 To i.5 0

OVER 100 0.V C p 32e 3 OVER 0,5 2

3.8-47
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9 BRIM

NEVN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mean + 1.50 u

SQUARE METERS FREQUENCY Wavelength 4.5 - 5.5 pm

Mean = 283.12 Kelvin8.,0 TU 10,O 66

10.0 To 15.0 0 os 1.50 Kelvin
15.0 TO 20.0 44
20.4 TO 2S.0 25

25.0 TO 30.0 13
30.0 TO 35.0 13
35.0 TO I0 .0 3
40.0 TO 15.0 5

45.0 TO 50.0 0
50.0 TO 75.0 17
"75.0 TO 100.0 II

100'.0 TO 11,0.0 18
150.0 TO 200.0 7

2 200.0 TO 2SO.0 8
S50OO 10 300.0 1

, 300.0 TO 400.0
, 400.0 TO 500.0 5

OVE R 50su.0 22

TOTAL NUMBER OF ELLIPTICAL AREAS - 318

5.9 FLAWIJRES WITH AREAS LESS THAN 8.00 SQ, METERS WERE ALSO RtCOGNIZED

BY PERIMETER BY SiHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 2? 0 0,0 TO 1,0 0
7 TO 10 22 TO 32 0 1.0 TO 1.1 0

10 TO 12 32 TO 39 0 1.1 TO 1.2 7
12 TO 14 39 TO 45 3 1.2 TO 1.3 3
14 TO 16 45 TO 52 28 1.3 TO 1.4 32
16 T0 17 S2 TO r35 19 1 ..4 TO 1.5 4
17 TO ?0 55 TO 65 46 1.5 TO t.b 55
20 TI1. 22 65 TO 72 21 1.6 TG 1,7 8
22 , 0 24 7? TO 78 12 1.7 To 1.0 40
24 TO ?b 78 To 85 3 1.8 TO 1.9 12
26 1T) 28 85 TO 91 22 1.9 TO 2.0 21
28 TO 30 Ql To 98 1i 2.0 TO 2.4 64
30 TO 32 148 TO 104 9 2.4 TO 2.6 10
32 TO 39 104 TO 127 Z4 Z.6 TO 2,8 6
39 TO 45 127 To 147 13 ?.A TO 3.0 4
45 TO 55 17 Tr. 180 13 3.0 TO 3.5 19
55 T•O 71 180 T0 232 21 3.5 TO 4.0 9

71 7T) 100 232 TO 3218 19 4.0 TO 4.5 9
OVER 100 OVER 328 54 OVER 4.5 1b

3.8-49
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'Y'ERIM

P"23 1/50 t P523 ii
S1983 .- 1 A'-•zQ t

L 44
O

LIS
J0

-2~

Area: NEVN (Wavelength 4.5 5 £.5 pim)

Temperature Threstoid Mean + 1.80 a

Mean = 283.12 Kelvin

Std. -ev. = a 1.50 Kelvin

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS

3 8 0S~3.8-50
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NEVN

DISTRIBUTiON OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Tnreshold = Mean + 1.80 o

SQUARE "IETERS FRTOUENCY Wavelength = 1.5 - 5.5 |)111

SMean = 283.12 KelvinS8,0 10 !0,1 2.3

10.0 TO 1o.0 13 1 .50 Kelvin
I 'S.O0 To "('.0 15
S20.0 T 39 2.0 10
2S.0 To 30.0 s
30.0 TO i 35.0 6

35.0 Tf l o o 3
410.0 10 s5.0 A
iJ,.0 To 50.0 1

50.0 TQ 75.0 10

7 5 .0 70 100.0 5
100.01 Tll 0o.0
150.0 Tol 200.0 6
200.0 TO 'S0o . -

I, , 20,0 TO 3no.o I
300.0 TO L00.o S

, 400.0 TO 500.0 3
OuVER 500.0 9

TOTAL NUMBiER OF mOT ,POT u 128

260 FEATURES WITH AREAS LESS THAI 8.00 SQ. METERS WERE AL;,) RECOGNIZED

By P-RIMETER BY SHAPE

METERS FEET FREQUENCY 3HAE F ACTOR FREQUENCY

0 Tn 7 0 TO 22 0 0.0 TO 1.0 0

7 TO 10 2? TO 3? 0 1.0 TO I.1 0

10 TO 12 32 TO 39 0 1.1 TO 1.2
12 To 14 39 T(O 4,9 0 1.2 TIO 1.3 0

14 Tr 16 (1S TO 52 7 1.3 TL . 4 8

]o 10 17 52 TO 95 19 1 TO 1.5 0

17 70 20 55 TO 65 14 1S 10 1.6 18

00 TO 22 oS 1ri 72 7 1 .6 TOU .7 2

.2 T') 24 72 TO 78 1 1,7 TO 1.8 l,

Ž14 10 26 78 TO 85 e 1 8 TO 1.9 3

-b TO ?3 A5 Tn q1 7 1:9 TO 2.0 S
82 TO 30 O1 TO) 98 P ?,0 T 2.U 25

30 TO 32 )A Ti' 104 4,14 'u 2,b 3
12 T, 3,9 loll T0 127 9 P,6 TO 2.8 7
39 T7 0 "5 127 TO 1) .7 a 2,9 TO 3.0 3

'45 To 55 oq7 THI F1Q i 3,0 TO 3.5 6

55 TO 71 180 TO 2Ž2 8 3,5 74 .. 0 10

71 TO 100 23? TDI 328 7 u*0 TO L4.S di

,. OVER 100 OVER 31?8 34 OVER 4.5 17

3.8-51



P1?~ P523

1.151.

Area: NFVN (Wavolengthi 9.0 -11 .4 lin)

Temperature Threshold Mean + 1 .00 a

Mean =285.37 Kelvi n

StO. Dev. =a -2.23 Kelvin

EQUIVALENT ELLIPTILAL AREAS F)R NELLIS MOUNTAINS

3.18-52



NEVNI = DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mearn + 1.00 a
SOUARE METERS FREOUENCY Wavelength 9.0 - 11.4 Jm

0 Mean = 285.37 Kelvin8.0 TO 10.0 63
10,40 TO 15,0 41 2.23 Kelvin15,0 TO 20.0 49
20.0 TO ?S.0
25.0 to 30.07
30,0 TO 35.0 I"
35.0 TO 4o0o
140,0 T0 -.n, 

-
-45.0 TO 50.0
50.0 To 7590 21
75. To( 100.0 11

100.0 TO 150.0 iI
150.0 TO 200 .0
200.0 TO 290.0 0
2b0.0 TO 300.0 1
301).0 1o 400,0 6
1400,0 TO 500.0 2

z E OVER 2oo.o 20

ToTrAL NUXER OF ELILIPTICAL AtrAS - 254-

3•9 FEATURES WI7H AREAS LE-53 T,;AN 8,00 $0. METERS WERE ALSO RECOGNIZED

BY PE11METER BY SHAPE

METE$13 FEET FREQUENCY SHAPaE FACTOR FRFUUENCY

0 To 7 0 TO 22 0 0,0 To 1,0
7 T r to 22 TO 32 0 1.0 TO 1,1 0

10 T) 12 32 TO 39 0 1.1 10 1.2 13
12 TO 14 3Q T o •1! 5 1,2 TO 1.3
114 TO( Ib 45 Tn 52 36 1.3 TO 1.41 1716 71) 17 S? Tli 55 21 2.4 TO ,5 8
I 7 TO 20 55 To hS 35 1,5 TO 1,6 54
20 TO 22 65 T1I 72 20 1,6 TO 1,7 14?2 To 2?4 72 TO 78 17 1.7 TO 1,8 36
e4 TO) 26 78 TO 85 8 1.8 TO 1,9 I?26 t[ 28 85 TO 91 Is 1.9 TO 2.0 23
28 TO 30 92 To 95 to 2.0 TO 2,4 23
30 10 32 q1 To l A4 8 ?,4 TO 2.6
32 TO 39 1011 To 22. 16 2,b TO 2,8 8
3q TO us 12T 10 1417 1o 2,8 TO 3,.0 6
45 TO 55 147 TO 180 15 1,0 To 3.5 7
55 T0 71 180 TO 232 114 3,5 TO 4.0 7
71 TO 100 232 To 3?8 15 41.0 TO ',5 6

OVE1 100 OVUI? 3?8 39 OVER 4.5 8

3.

3. 8-5•3



•RIM-

P123 P523
L 88,I--- 750 ft - 53 -

S4L 44\

4. 0

I ,,

LIS 1

Area: NFVN (Wavelength = 9.0 - 11.4 1im)

Temperature Threshold = Mean + 2.50 o

Mean - 285.37 Kelvin

Std. Dev. = - 2.23 Kelvin

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS MOUNTAINS

3 -• 3.8-54
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NEVN

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 2.50 a
SQUARE MET.RS FREQUENCY Wavelength = 9.0 - 11.4 pm

Mean = 285.37 Kelvin
6,0 TO 111.0 7

10.0 To 1.0 = 2.23 Kelvin
21.0 To 25.0 2

25.0 To 30.n 0
31).D TO 35.0 3

3'0.Q TO~ 41* 0

49.0 tJ tO0 1
90.0 TO 7s.0 o
75.0 TO 000.0 I

10,.0 TCO 150.0 2
150.0ý TO 2(00.0
200,0 TO 250,,0 3
PS0.0 TO lno.0 0
300.0 TO 4n0,G r 2
400.0, 0 To boo.

OVER 50,0 0.

TOTAL NJUbER OF Er.LIPTICAI. AREAS 32

-. 3A FEATURES WITH ARFAS LESS THAN 8s00 "30, MFTERS WERE ALSO RECUGNIZED

BY PERIMfTER "Y SHAPF

METERS FEET FREQUiENCY SHAPE FACTOR FREQUENCY

0 Tu 7 0 TO P? 0 0.0 TO 1,0 0
7 10) 10 ?? TO 32 0 1.0 To) 1.1 0

10 10 12 3? TO 39 0 1.1 TO 1,2 t
12 19 14 39 TI( 115 0 1.? T0 1.3 0
I') 7 ) lb 0i Tl) S? a 1 .3 TO 1,4 3
16 T'O 17 9?2 To 55 4 1. .O15 0
17 TO Ž_0 $ TO h"5 0 1.5 01• 1.6 7
-o 1f 2? 65 TU 7 ? ,6 T(o 1.7 2
?I TO Pu 7? TO 76s 2 1 17 TO)8 1
?'h TO Pb "5 TU 55 0 1.8 TO 1.9 1
2 b In ?P S To Q1 0 1..9 TO 2,0 2
Ž6 TI70 30 41 TI0 915 1 20 TO( P.4 '4
30 To 3, Q8 1i) 10J 1 P.'1 To 2.6
32 70 39 1001 To IPT 1 P.6 TO 2.8 I
39 i 1*5 127 TO 147 1 2,. TO 3,0 7
"4J5 7f0 55 147 To 1A0 5 1,.0 TO 3,5 3
55 To 71 190 TO 2312 2 31,5 TU a.O 1
71 TO 100 p3? TO 3211 2 M,0 TO 4,5 0

OVEN 1'39 OVFR 328 7 OVER 4,5 Q

"3.8--55
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P123 P523

L350 _ - 1750 ft-

AO.* *' qi

, ,°

C\)

S*)

/ # I

(Note: Noise spikes removed)

=S

Area: NVH1 (Wavelength 3,0 4.2 14m)
Temperature Threshold = Mean + 2.00 o

Mean = 307.45 Kelvin

Std. Dcv. a 2.77 Kelvin

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT
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- .
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2II

"NVHI (Desert)
SDISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

eY AREA Threshold = Mean + 2.00 a

SQUARE METERS FREQUENCY Wavelength = 3.0 - 4.2 pr-
"Mean = 307.45 Kelvin

8.0 TO 10.0 176
10.0 TO 15.6 88 = 2.77 Kelvin
15.0 TO 20.0 83

S20.0 TO 25,0 31
25.0 10 30.0 18
30.0 TO 35.0 10
35.0 TO 00.0 10
40.0 TO 4S 0 0 9
45 . T) 50.0 5
50.0 TO 75.0 14
75.0 TO 100.0 6
100.0 10 150.0 6
150.0 TO 200.0 2
200.0 TO 200 O. 0 0
2Snn TO 300.0 0
3006A TO g00.0 0
""0. Ti-'- O E 500.0 0E 0. (Note: Noise spikes removed trom

STOTAL NUMBER OF ELLIPTICAL ARE4S 4 s59 preceding picture.)

1770 FEATURES W1iH AREAS LESS THAN 8.00 8Q, METERS WERE ALSO RECOGNIZED

t BY PLHRIMFIER BY SHAPE

METERS FEE.T FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO 22 I 0.0 T1 1.0 1
7 TO 10 2? TO 32 0 1.0 TO 3.1 0

10 TO 12 32 TO 39 0 1.1 70 1.2 7b
12 TO 14 39 T_ A5 68 I.2 TO 1.3 58
14 TO 16 45 TO w 5. 98 2.3 TO 1.A 97
lb TO 17 S2 7(2 55 16 I1. TO 1.5 19

f 17 Tn 20 55 TO 65 91 1.9 TO .tb 58
20 TO 22 s To 72 32 2.6 T0 1.7 22
22 TO ?4 72 TOi 78 It 1.7 T(O 1.8 33
24 TO 2b 78 TO 85 25 1.8 TO .*9
?6 T0 28 8% TO 91 12 1.9 TO 2.0 22
28 TOU 30 91 TO 98 19 2.0 !( ] .4 39
30 TO 12 qA TO 104 6 ;." TO 2.6 12
3W TO 39 10Oi To 127 21 2.6 TO 2.8 8
39 TO M5 ¶27 TO !47 13i 2,8 TO 3.0 1
45 TO 55 147 To f10 15 3l.n TO 3,5 5
55 10 71 18 TO k12 I•1 .,5 TO 4.0 1
TI TO 100 ?3? TO 3?b I1 4.0 TO 4.5 1

OVLR 100 OvEt? 328 6 OvER m,5 0

3

,: 3.8-57
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~RIM

P123 P523
SL350 - I - 1750 ft r I

LIS

Ara NVI(aeent a .

Mea =-0745Kevi

Std. Dev = 0=277Kli

* a

(Note: Noise spikes reiaoved)

LQUVAEN ELITIA ARA O E SDSRArea: NVHI (Wavelength 3.0 - 4.2 urn)
STemperature Threshold = Mean + 2.50

; Mean = 307.45 Kelvin

Z

MStd. Dev. : = 277 Kelvin
!, EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT

- 3.8-58 -



NWHI (Desert)

DISIRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 2.50 a

SQUARE METERS FREQUENCY Wavelength = 3,0 - 4.2 Pm

- Mean 307.45 Kelvin
8.0 TO 10.0 46

10.0 To 15.0 25 a 2.77 Kelvin
"15.0 To 20.0 16
20.0 TO ?,;0 10
25.0 TU 30.0 2
30.0 To 35.0 2
35;.o TO 40.0 0"' " O.0 T1.3 aq, . |

SU5,O TO SOO I50.0 TO 7S.0 1
75.0 TO 0o0.0 0

100.0 TO 150.0 0
1=_ 150.0 TO 200.0 0

200.0 TO 29500 0S250.0 70 3()0.o %1

'400.0 To 0.n0 0
300.0 To O00O0)VER 500.0 0 (NoUP: Noise spikes removed fromn

TOTAL Nb(BER OF ELLIPTICAL AREAS 10" preceding picture.)

709 FEATURES WITH AREAS LESS THAN 8.00 SO. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FELT FREUI- NCY SHAPE FACTOR FRFOUENCY

S0 TO 0 Tn ( 2 ? 0 1O0 1O, 0

7 Tn 10 22 TO 32 0 1.0 TO .1 0I

10 10 12 3? TO 19 0 1.1 T(o 1.2 27

12 TO 0 4 A Q To 115 2S I.? ro 1.3 17
144 TO lb '45 Tol 5? 33 1 .3 o(4 I.4a 25

16 TO 17 '? TO 55 0 1.,4 TO 1.5 7

~7 TO0 20 59 TO 65 14 1.5 TO 1 .0 5
20 TO n 2 65 lio 72 1 1,6 fO 1.7 '4

22 Tn ?Q4 7? Tri 78 3 1.7 TO 1.8 10

24170 2 b 78 TO R5 6 1 A TO 1 . '4
b-6 TO 241 P. TO 01 ' 1.9 TO 2.0 2

28 TO 30 91 T(I 98 2 2,0 T(] 2.4 3

30 To 32 9A Ti 1D4 3 ?,4, TO 2.6 0

32 To 39 IOU TO0 127 3 2.6 TU 2.8 0
39 TO '45 127 TO 107 2 2,8 TO .0 0

U 5 1-0 55 1/47 TO ) I0R 3,0 T1 3,5 0

55 TO 71 1110 TO 2',2 0 3,5 TO 4.0 0 -

4 -71 TO 100 232 TO 3;18 0 4.0 TO 4,.5 0

SOVER 100 OVER 328 0 nVER 4.5 0

3.8-59
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P123 P523
L350 - 1750 ft9' ° i•,,. -(U

e0 o

* Mea = 'c 29.2'Ivin

i7
• •, *I= 4 , = j o

fai

I

I 1

L15-O SZ I d

Ared: NVHl (Wavelength =4.5 -5.5 p).Jn

Temperature Threshold Mean + 1.50 a

Mean =295.02 Kelvin

Std. Dev. "u 0.87 Kelvin

EQU1 IV A, ENT El LIPTICAL AREAS FOR NELL IS DESERT

3.8-60



NVHl (Desert)
S~DISTRIBUTION OF ELLIPTICA!- AREAS GREATER THAN THRESHOLD :

BY AREA Threshold Mean + 1.50 o 5

SQUARE METERS FREQUFNCY Wavelength = 4.5 - 5.5 151

810 TO 1019 ISS Mean = 295.02 Kelvin
-0ojo 70 1.0 11 0.87 Kelvin
1S.0 To 20.0 1416
20,0 TO 25.0 61 -25.0 TO 3S.0 28
30,0 TO 35.0 3S39.0 TO 40.0 1o
"4"0.0 10 05.0 19

o45.0 TO -0.o 15

75.A TO 100.0 19
100.0 TO 150.0 21
150.0 TO 200.0 4
200,0 To o 25o.o t
250.0 TO 3noo 6
300.0 TO 400.0 0
4~00,0 TO 500.0 3SOVER 500,0 0

TOTAL UU"tBER OF ELLIPTICAL AREAS - 672

1102 FEATURES AITH AREAS LESS THAN 8.00 50. METERS WERE ALSO RECOGNIZFD

fBY PERIMLTUR OY SAPE

AETRS FEET FREQUENCY SHAPE FACTOR FREQUENCY

t 0 TO 7 0 TO 22 0 0,0 To 1.0 1
7 TO to 22 TO 32 0 1.0 TO 1,1 0S10 TO 12 3? TO 39 0 1.1 TO 1,2 24

12 TO 14 39 TO 41 8 1.2 TO 1.3 9
141 T0 16 '45 TO 52 89 1.3 TO U1,4 107
16 TO 17 62 TO 5S 43 1 . TO 1.5 21
.1 TO 20 55 TO 65 110 1.5 TO 1.6 121
20 TO 22 65 TO 72 48 1,6 TO 1.7 34L 2. TO 24 72 TO 78 38 1.7 TO 1.8 78
241 70 ?6 7 TO AS 14 1,9 TO 1.9 18
26 TO 28 85 TO 91 417 1.9 TO 2.0 46
28 T) 30 91 TO 98 26 2.0 TO 2.4 122
30 TO 32 q9 TO 104 39 ?.4 TO 2.b 25
312 TO 39 106 TO 127 so 2.6 TO 2.8 18
39 TO 45 127 TO 147 26 2.8 TO 3.0 5
115 TO 55 147 TO 1A0 36 3,0 T13 3,5 24
55 TO 71 180 TO V32 28 3.5 10 41.0 7
71 TO 100 232 TO 3?7 33 4.,1 TO 4.5 9

g. OVER 100 OVER 328 37 OVER 4.5 3

3.8-61



L- RIM

P123- 1750 ft I P2
L350 -

L 1

Ara .V~ (Wvlnt 4.5 5. p)

* (]

=-A

L15 -___ Area:__ NVHI__(Wavelength___= __4.5 __-_5.5___m)

Teliperature Threshold = Mean + 2.00 a

Mean = 295.02 Kelvin :i

S"Std. Dev. : a = 0.87 Kelvin
tI

K. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT

3.8-62 A
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I

xJ * 2 RIM

NVHl (Desert)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BiY AREA Threshold - Mean + 2.00 o
SUOAR, METERS FREnUENCY Wavelength 4 5 - 5.5 m

Mean 295.02 Kelvin
8.0 TO 10.0 17

10.0 TO 0 1.0 7 a = 0.87 Kelvin
19.0 I .. O 2
20.n TO 25.0 3
25.0 To 30.0 1
30.0 TI•O 15 .0 0
35.0j T(h 10 .0 0
S0 .0 ti "90

45.o To1 '0.,0 0S500 10 75.0 0
75.0 T(0 100.0 0

100,0 TO 190.0 0
1'•o.0 TO 200.0 0

f200.0 T I 250.0 0
250.0 TO 300.o 0

300.0 TI) 1100 .q 0
- -- '00.u0 TOU 500.0

TOTAL NMEBER OF ELLIPTICAL AREAS 30

164 FLATURFS .ITH ARFAS LESS THAW 8,00 SO, METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS P'EET FREQUENCY SHAPE FACTu, REu,,71NCY

0 TI) 7 0 TO 22 0 0.0 TO 1.0 0
T7 1 tO 22 TEl 32 0 1,0 TO 1.1 010 TI) 12 32 Tn 19 0 1.I TO .1 3

12 TO 14 39 TO L45 2 1.2 To 1.3 1_14 T1. lb 45 TO 52 10 1 .3 TO 1.41 12
I h TI) 17 52 TO 55 , 4 1.4 TO 1.5 0
17 TI) 20 55 TO 65 8 1 TO 1.6 8
20 T0 22 6S TO 7? I I b TO 1 .7 1
22 TO 2Q 72 TO 78 0 1.7 TO 1.0 2
214 0 26 78 TM) A5 t I.R TO 1.9 0
26 TO 26 85 Tnt 91 1 1.9 To0 2.0 2
28 1r S0 91 TO 98 1 2.0 TO) 2.41 I
30 TO0 32 981 T 0 1014 1 P .U TO 2.6 032 TO 39 104 To 127 1 2.6 TO 2.8 0
39 TO 41S 127 TO 1t47 0 2.8 TO 3.0 0
115 TIO 55 117 TO 18' 0 3.0 TO 3,5 0
55 TO 71 I1O TO 232 0 3.5 TO 4.,0 0
71 TO 100 232 TI) 3p8 0 4,.0 TO '.S 0

UVER 100 OVER 328 0 OVF.R u.5 0

3.8-63



"P123 P5ý3

L350 
1750 ft

+ '*' * I
SI '9 - ll

411 41
A (4'+ . ,. < -. . 1,

+. I , I, :

Std Dev 1.1Kli

*bl 1 , ' l

EQUVAEN ELITIA AR-A FO ELSDSR
Area: NVHI (Wavelength = 9.0 - 11.4 jm)

Temperature Threshold = Mean + 2.00 o

Mean = 298.72 Kelvin

,Std. Dev. = =1.21 Kelvin

' EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT I•
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I,.

NEIM

NVH1 (Desert)

t DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

feY AREA Threshold = Mean + 2.00 o

SQUARE METERS FREQUENCY Wavelength = 9.0 - 11.4 p01 -
Mean = 298.72 kelvin

8.0 TO 10,0ic
10.0 TO IsO 62 = 1.21 Kelvin n

*%0TO 20,u 76
20.0 TO 5,0 o 36
25.0 TO 10.0 12

, 30.0 TO 35.0 17
35.0 TO 40o.o ?
'40.0 TO 5,0 G A

*50 11 50.0 1
120.O To 75.0 9
7,0,TO 100.0 2

100.0 TO 150.0 1
190.0 TO 200.0 3
uo.o, To 1 50 .0 1

25 '0 TO 300.0 0
300.0 10 4no.0 0

"" '400.0 TO 500.0 0
OVER 500.0

TOTAL WJHER OF ELLIPTICAL AREAS 33

860 FEATURES WITH AREAS LESS THAN 8,00 SO, METERS WERE ALSO RECOGNIZED

. BY PERIMETER BY SHAPE

METERS FEET FREOUENCY SHAPE FACTOR FREOUENCY

- 0 TO 7 0 TO 22 0 0,0 TO 1.0 2
7 TO tO 22 TO 32 2 1.0 )' 1.1 0

10 10 12 32 TO 3q 0 1.1 TO 1.2 9
12 I0 14 3q To o 5 u 1 .? T0 1.3 6
14 TO 16 To) 52 69 1 .1 TO 1.4 74
16 TO 17 52 TO S5 At 1.0 TO 1.5 6
IT TO 2 0 T5 70 65 72 1.S TO 1.6 79
20 - 0 22 65 To) 72 28 1.6 TO 1.7 12
22 10 24 7? 1TD 78 21 1.7 TO 1 .8 no

? 4 TO 26 78 6 T 95 5 1,8 TO 1,9 15
26 TO ?8 65 TO 91 24 1.9 TO 2.0 24
28 TO 30 94 TO 98 18 2.0 TO 2.4 443
30 TO 0 2 (19 TO IOnt 14 2.4 TO 2.6 to
32 TO0 39 100 To 127 31 2.6 TO 2.8 6
39 TO0 4S 127 TO Ijl7 9 2.8 T, 3.0 1
L45 TO 55 147 TO IRO 9 3.0 TO 3,5 2
55 TO 71 180 TO 212 f 3, TOI 4.0 2
71 TOn 100 232 TO 32 ? 44 44,0 TO '4.5 1

Ov~fl 100 OVfR 3 8 b OvER 14.5 1

3.8-65
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P123 P523
1750 ft

L35-

.C4

"--h

40

L 15

Area: NVHl (Wavelength = 9.0 - 11.4 wn)

Temperature Threshold = Mean + 2.50 a

Mean = 298.72 Kelvin

Std. Dev. = a = 1.21 Kelvin

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT

3.8-66



I.

NVHl (Desert)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean 4 2.50 G

SQUARE METfRS FREQUENCY Wavelength = 9.0 - 11.4 jim

Mean = 298.72 Kelvin8.0 TO 10.0 5

10.0 To 15;.O a = 1.21 Kelvin
15.0 TO ?0.0 2
20.0 To 2S.0 1

025, TO) 3.n.S1n.O TI) 35.O 0"35.0 TI -00. 0

140.0 TO U 15,0 f
4)5.0 TO So0.o 0
50.0 TO 75.O 0

t75,0 TO 1no0
I 0c,.0 TI1) 1 u 00
150. (I TU 2O .O 0
200.0 TO 2 950.0 0
?500, 10 T n0,o 0
300.0 TO 400.0 0
""400. 0 TO 5n0.o 0

flVER 500.0 0

TOTAL N1MBER OF ELLIPTICAL AR M S 1 0

105 F .f TURF.5 isTH ANU[AS LESS THAN 8.00 SQ. METEFHS WERE ALSO RECOGNIZEO

BY PERTMFTER nY SHAPE

METE R8 FFET FREOUENCY SHAPE FACTOR F4EukjENCY

0 TO 7 0 TO ?! 0 A.0O TI 1.0 0
7 11) 10 e? To 3? 0 1.0 it) 1.1 0

S10 TO 12 3W T u 39 0 1.1 TO 1.2 0
12 10 ) 1 :5 TO 115 0 1.2 TiO 1.3 0
1L4 TO 16 Li T o S2 3 .I TiO 1.u 5
16 TO 17 ',? Tr %9 2 .4) TO IS5 I
17 On ?0 1,5 TO 1 , 6 .5 T1I 2.6 3
'0o TO ? To 72 0 1.6 Tf) 1.7 0
2? TO ? 7 ? 10 78 2 1.7 T0 1 .8 0
24 7 0 26 71 f) A 5 0 1.8 TO 1,9 0
? 26 70 28 " TO Q1 0 I. TO) 2.0 0
S0 •0 q0 1 9 83 0 TII
30 TO 32 QA TO 10o4 0 2.4 T7 2,6 0
32 1T0 39 1nh TO 1?7 0 2., 10 2. b 0
39 10 45 127 TI) 1417 0 a,., TI) 3.0 0
415 TO) SS 147 TO 180 1 3.0 T1 3.5 0
55 IT) 71 180 Tn 2W'4 0 3.5 0 U 4,0 0
71 TO- 100 23? TO 328 0 44.) TO 4,5 0
OVERl 100 OVFR 328 0 OVER 44.S 0

"3.8-67



P123 P523

L530 - _ _ 
- 1750 ft Y 4

4) N

L350 ------

Area: NVII1 (Wavelength = 3.0 -. 4.2 jim)

Temperature Threshold - Mean + 2.00 o

Mean = 312.90 Kelvin

Std. Dev. o = 3.5?' Kelvin

EQUIVALENT ELLIPTICAl. AREAS FOR NELLIS DESERT - DRY LAKE
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NVHl (Dry Lake)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold Mean + 2.00 o

S QUARt. HETURS FREQUENCY Wavelength = 3.0 - 4.2 pm

Mean = 312.90 Kelvin
8.0 T) io.o is
10.0 i, is.o . o 3.52 Kelvin
1'..0 TI1 20.0

2'I.0 T,) 2s.0 7
0 TO 10.0 1

V.IO TO 31.O 0

• Lro, TO 'I ,• . ') I

4,5.0 T0O i 5. 0
40.0) To) 750 1)

A . I. TO 7so.0 0
101 .0 T) 10 0 .0
V 1 . 0 TO) 2no.0
?00,0 To 25o.rO 0
210.36( 111 100.3 0

-300.0 111 400.0 0
- _ * 400.0 11 'jo0.0 0

TOTAL INUMER OF ELLIPt1CAL, ARIAS - 2

21-) FF. TUNtf WITH AI.49 LI.3)I THAN 01.00 S3. mFTERS wERE ALS9) RECOGNNIZFO

jY PE"14LTH4 R $Y SHAPF

METfRS pt.t I FHEIQUENCY SHAPE FACTUR FIktuUF.NCY

0 10 7 0 Ti, ?? 0 0.0 Yu1 1.0 0
7 11T 0 ,2 T• 1? 0 LO TO 1.1 0

to TO 12 31? To -5 0 .2 T4) 1.; 4
12 )10 I4 $q To LI ,i .2 TO 1.1 3
144 10 n b LA5 TI) '; 70 10 TO .4
I •1) I 7 'TI) "jr1 ) 3
I TI I) 20 5t, 111 61, 7 71,5 ) 1 .6
20 10 ), 0 11 7? f,6 If) 1 .7
22 10 24 7? TO, 7M 1 .7 To) 1 .8 7
? 21 Ti) 26 7F TOJ P5 0 g. TO I.q I
26 1) 2111 (' ai N I.q TO] ?.0 0
?1 I3 ) W S3 '4I To qit II I.0 T) I ,01 0
340 111 VI III I n Q) 2 2,44 Tu 2.6b
32,! ) I,# lo7 '(1 T3q 67 b'*. TU 2,1 50

1911 ,7 . TI) 3,0 0
71) 34.3

55 I(I 71 180 Tqo I 1? 0 I1. ILl 4 0 |

71 1 10 100 ?2 S ir)1( 3? p d 10 TO (111. 0
li~l 100 flvfU It 8 LAm 4Tf~1,

3. 8-69
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L530

Ln=

Mn =22

P123 P523 3 K
S•L530 *--- 1750 ft bt -

ENEM

L350 -1)

i Area: NVH1 (Wavelength = 3.0 - 4.2 1m) -

Temperature Threshold = Mean + 3.00 u

, ~Mean -- 312.90 Kelvin

SStd. Dev. = o = 3.52 Kelvin

I. -- EQUIVALEI.IT ELL.IPTICAL AREAS FOR NELLIS DESERT - DRY LAKE
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NVHl (Dry Lake)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

5BY ARFA Threshold = Mean + 3.00 a

SSQUARE MFTERS FREQUENCY Wavelength = 3.0 - 4.2 pm

Mean = 312.90 Kelvin6.0 7,1I) 10,0 16

10,0 To 19.o i a = 3.52 Kelvin
15.0 TO 20.0 5
20.0 T11 25.0 1
-2.%.A T(I 30.0 0

30.0 TO 3S;,0 0
3S.0 ii. .U.I
4n.0 0 TO "t50 o
45.n TO 50.0 0
5b).0 TI 75.0 3
75.0 TOl 100.0

100.0 Ti) 150,0 0
150.A TU 2nO.0 0
20n.0 TI) 250,0 0

250.0 TO 3600.0 0
300.0 T(O 400,0 0

'400.0 Toi 500.0 0
OVENH 50900 0

TOTAL NUMBER OF ELLIPTICAL AREAS - 39

103 FLAT1iRES W7TH ARFAS LESS THAN 8.00 SO, MrTERS WERE ALSO RECOGNIZEO

MiY PERIMETER MY SHAPE

fMETERS FEE:T FREQUENCY 3HAPE f ACTOR FREQUENCY

0 10 7 0 TO 22 c 0.0 TO 1,0 0

7 10 to 22•10) 32 0 1.0 TO .0I 0
to in 12 32 mi) 39 0 1.t TO 1.2 3
12 TO 34 !9 (o 05 2 1,? To 1.3 01/4 70) 16 4% 70J 52 7 1.3 TOI 1,4, a

I b T) 1 7 112 ToT 515 2 1,.4 TO 1.5 O

r17 10 20 5S 1) h5 7 1.9 TI1 2.b
20 30 2.2 TO 017 1
22 70 ? a 72 Ti ¶04 pm 1.7 10 1.6 6F- ?L TO 7 ?6 78 T11 A b 0 1.4 TL 0 .9 0

i ? 6 7 n ,?,, L9 f TO) q I 1,.9 TO) ? .0 2

32 T0 39 o 0O TI) 1?7 2 2.6 TO 2.,C
39 0i) 415 127 TO 141 0 2.A TItL 3.0 1
41S 1O 15 1417 TOI 100 1 3.0 TU 3.5 a

5% 10 71 180 T1) 232 3 3.5 TO 4.0 P
71 10 100 232 10 328 2 0 Y0O 70 4.5 0

OVER 100 FlV R 318 0 OVffR 45 0

S3.8-71
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P123 P523
L- 1750 ft

L .3

,L L440 006mO
' .W' c2

edge of

.Lv/desert 
scene

Area: NVHI (Wavelength = 4.5 5.5 prm)

Temperature Threshold = Mean 4 1.00 o

Mean = 290.16 Kelvin

Std. Dev. = a 0.91 Kelvin

EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT - DRY LAKE
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NVHl (Dry Lake)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRFSHOLD

B Y ARPA Threshold - Mean + 1.00 a
SQUARE METERS FREnUENCY Wavelength 4.5 - 5.5 -pm

Mean = 290.16 Kelvin
8.,0 10 10.0 40

10.0 TO 15.0 o -- 0.91 Kelvin
15.0 TO 20.0 31
20.0 TO 25.0 10
25,0 TO 30.0 1
30.0 TO '%o.0 7
35.0 TO 4•o .0
40.0 TO 'U5.0 3
100.0 T() T I.0 3

75.0 TO 100.02
S1 0 0 . n TO} I 0. 0 3 :

150.0 TO 20u.0 1
200.0 TO 250.0 1
250.0 TO 30.0 1
"300.0 To . 00.0 4

OVFM 500.0 3
TOTAL NUMBE•R OF ELLIPTICAL AREAS 14 Z ;

51q FEATURES WITH AREAS LESS T1AN 8.00 SO. METERS WERE ALSO RECOGNIZED

fBY PERIMETER BY SHAPE

SMETER3 FFET FREOLIENCy SHAPE fACTOR FREQUENCY
S0 TO0 7 0 TOl )2 2 0.0 TO) 1,0S7 TO 10 2? TO 32 1 1.0 T0 1.1 0

10 1() 12 37 TO 39 0 111 TO 1.2 7
12 TO I 3,19 10 "5 6 1.2 TO 1.3 6I
14Q TO 1h 05 IIo 52 19 1.3 10 1.4 In16 TO 17 S5? TO 55 2 I . TO 1.5
17 TO 20 55 TO 65 18 1.5 T7o j.6 13

Tn 22 h TO 72 16 1.6 TO 1.7 2S2? T n 24 7 ? 10 78 6 1 .7 TO) 8. 11 :
2 4 TO a 7A1 TO 85 4 -. I TO 1.Q 3
26 To 283 85 T0 9 1 6 109 T02.0 7.8 TO 30 91 TO q 6 2.0 TO Z.4 29L) TO 32 QA Tj) 10 Q 3 2.A TO 2,, 732 70 T 9 104T 1 1 ?7 10 2,6 TO 2,8 3
39 1 ti 4U5 127 IN 107 0 ?.A TO 3.0 4
4T k) 55 1.,7 To I10 9 3.0 TO 3.5 10
55 TO 71 180 TO Ž3? 9 3.5 TO 04,0 3
71 10( 100( 23? IT) 3p8 7 4.0 TO U0.5 3OVER 100 OVER 328 17 OVER 4,5 9

3.7 A
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SP123 n1750 ft 523

L 530 1 170f

L )440 ' C)'

edge of
L350 -desert scenei ~ ~~L 350 .,

Area: NVHI (Wavelength = 4.5 - 5.5 lim)

Temperature Threshold = Mean + 3.00 a

Mean = 290.16 Kelvin

Std. Dev. = a = 0.91 Kelvin

"EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT - DRY LAKE
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NVHl (Dry Lake)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

B3Y AREA Threshold = Mean + 3.00 o

SUUARL METERS FQEOUFNCY Wavelength 4.5 - 5.5 vm

Mean = 290.16 Kelvin
8.0 TOu 10.0 0

10 .0 to 15.0 2 0 = 0.91 Kelvin
'15,0 TO 20.0 ?

20.0 TO 2S.0 0
25.0 TO 30.0 0
30.0 TO 39.0
35.0 TO L5.0 0
40.0 TO Ljj 0
49.0 50.0 0S50.0 TO 75.0 2
7 %.6 TU 100.0 0

100.0 TO 15c.0 1
I'0,0 TO 200.0 0
200.0 TO 250.0 2
250.0 TO 0noo 0
300,0 TO "00.0 0
1000.0 TO sno.0 I

40 OVER tOO.0 3

- T" OTAL 1NUMBER OF ELLIPTICAL AREAS - I U

7 FEATIURE WITH ARFAS LESS THAN 8.00 SQ, METERS WERE ALSO RECOGNIZED

13Y PERIMETER BY SHAPE

METERS FEET FREQGUNCy SHAPE FACTOR FREQUENCY

0 To 7 0 TO 22 0 0,0 TO .0
7 T1 10 22 TO W2 3 1.0 TO 1.1 1S10 Tn. 12 32 TO 39 1 1.1 TO 1.2 0S12 TO 14 119 7 0r 4 0 1.2 TO 1.3 0

1 Q TO 16 4% TO 92 0 1.3 TO 1. 0Slb TO 17 5? TO 55 0 1o4 TO 1,5 2
17 TO 2o 35 TO 6 S 1 1.9 TO 1.b 2
20 10 22 b5 TO 72 0 1,6 TO 1.7 0
22 11.o 20 72 TO 78 0 1,7 TO 1,8 0
24 10 26 7 7r) q 5 0 1I8 TO 1.9
?b 10 11 05 TO 1 i 0 1.9 TO 2,0 0
28 T 1 30 '1 TO 98 0 2.0 TO 2.U 0
30 T0 32 90 TO In 1 2.4 TO 2,6 2
32 T1) 3 104 TO t27 0 . ) TO 2.a
39 TO 0(5 127 TO 14 0 2.8 TO 3.0 0
45 TO 95' 147 TO. 100 1 3, TO 3,5 0
55 TO 71 16i TO 232 1 i.S TO 0.0 0
71 T0 100 232 TO 328 2 0.0 TO 4.5 0

OVER 100 OVFR 328 4 OVFR 4.5 1

3.8-75
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VERIM

P123 P523
_____ ____ 1750 ft _ _ _ _

L 440 
Cr

(~,) edge of
desert scene

L 350-

/Area: NVHl (Wavelength =9.0 -11.4 vim)

Temperature Threshold Mean + 1.00 G

Mean 291.94 Kelvin

Std. Dev. = 1.57 Kelvin

h. EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT -DRY LAKE

4, 3.8-76
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NVHI (Dry Lake)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 1 .00 a
SQUARE METERS FRnUFNCY Wavelength = 9.0 - 11.4 jim

Mean .9i.94 Kelvin
8.o TO 10.0 20
10.0 o 15.0 a = 1.57 Kelvin
15.0 To 20.0 6
20.0 10 25.0 325.0 T0 30.0 0
30.0 TO 35.0 1
35,o l0 '40.0 2
'IL,0 TO 1
05.0 To 50.0 3
50.0 TO 7S.0 ii
79.0 TO 100.0

100,0 TO 150.0 1
150.0 TO 20o0O
200.0 To0 2so .n 2
250.0 TO 30OO
300.0 To u4fnj.0
400,0 Ty 500.0c 0

OvER 5no.o 7

TOTAL •J•fBER OF ELLIPTICAL AREAS - 7,

133 FEATURES WITH AREAS LESS THAN A.00 5n. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY
f
t 0 TO 7 0 7T( 22 0 O.0 TO 1,0 2
t7 TO7 o 10 T.O 12 0 1.0 TO 1,1 1to TO 12 3? TO 39 0 1.1 TO 1.2 10

12 TO B4 3) TO 45 7 1.2 T) 1.3 6

S14 TO 16 14S TO 52 15 1.3 TO 1.14 11lb TO 17 92 1(1 f ¶ 1 1.4 TO 1.5 217 TO 20 S5 TI bb I 1.5 Tf) 1.6 720 TO 22 6) it) 7? 4 1.6 TIO 1.7 4?2 TO ?, 7P Tfl 78 2 1,7 TO 1.8 5
24 TO n P 70f TO 8A5 41 . TO 1.9 0db TO ?8 85 TIO Q1 0 1.9 TU 2.0 5
28 10 30 91 TiO 98 0 2,0 TO 2.0 7
l0o TO 12 R8 in 1M4 0 2.4 TO 2.6 1

t32 T0 39 104 TO0 127 2 2., 0S .' 2.8 139 TOn 4S 127 TO 11a7 0 2.A TO 3.0 1"4 b TO0 55 1147 TIf 180 4 3.0 TO 3.5 3
55 TO 71 180 TO 2132 3 3,5 TU 4,0 1
71 TO 100 232 TO 3?8 1 4.0 TO 4.5 0SOVER 100 SVER 328 14 OVER 4.5 5

3.8-77
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LERII

P123 '1750 ft P523
L 530 __,7_

edge of
f, desert scene

L 350_

Area: NVHl (Wavelength 9.0 - 11.4 pm)

Temperature Threshold = Mean + 1.50 o

Mean = 291.94 Kelvin

-£ Std. Dev. = a 1.57 Kelvin
I EQUIVALENT ELLIPTICAL AREAS FOR NELLIS DESERT - DRY LAKE
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NVH1 (Dry Lake)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 1 .50 u

SQUARE METERS FREQUENCY Wavelength 9.0 - 11.4 pm

Mean = 291.94 Kelvin
a.0 T0 10o.0 3

10.0 TIU 15.0 0 a = 1.57 Kelvin
19.0 TO 20.0 0
20 .0 TO 25.0 1
25 .0 TO 30i.0 0
S30.0 TO 31.o 0
35.n To) anoQ*
'40 ..0 TO 45.0 1
459.3 TO 5s.0 0
50.0 To 7S.0 0
75.0 TI) 100.0 0

100.0 Ti. 15W.• 0
150.0 1(1 200.0 0

S200.0 TO ?50.0 0'2,5'0.0 TV) 300.0 1

T 0, O T J00.0 1
'JUO.0 Tu 500.0 1

"OivER 500.0 3

TOTAL NUMBER OF ELLIPTICAL AREAS I1

6 FEATURES WITH AREAS LESS THAN 8.00 SQ. METERS WERE ALSO RECOONUiEO

BY PERIMETER f3Y SHAPE

METERS FEET FREQUENCY GHAPE FACTOR FREQUENCY

0 TO 7 0 10 22 1 0.0 TU 1.0 0
7 IL) 10 22 TO 3? 2 1.0 TO 1.1 0

10 TI1 12 3P TO "9 0 1.1 TOI 1.2

12 T) 11 30) To) 45 0 1.2 Tv) 1.3 0
14 )0 l 9'v TO 9 2 0 1.3 TO 1.4 0
16 TO 17 5 TO S5 1 IA TO 1.5 I
17 to 20 55 TO (.5 0 1.5 TO 1.6 0
20 TOn 2 65 TO 72 0 1.6 TO 1.7 1
22 Tn 24 7?P TO 78 0 1,7 T(I 1.8 0
2a TO ? h 70A TO 85 0 1 .8 TO 1.9 0
26 TO 28 8 S TO1 Q I 1 1. TO 2.0 0
28 TO0 30 91 TO 98 0 2,0 TO 2.0 2

S30 TO 3 Q, TO) 1n4 0 2.0 TO 2.6 0
3? T,71 39 101 TU 1;)7 0 2.b TO U.u 0
139 TO 445 127 TO) 1l41 0 2.R Tn 3.0 1
05 111 95 107 iv) I•0 0 3.0 TO 3.5 0

S55 10 71 180 TO 232 1 3.5 TO '1.0 0
71 TO 100 23- TO 320 0 4.O TO 4.5 0

I. - OVER 100 OVER 3218 5 OVER 4.5 1

W • 3.8-79
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NELLIS AFB, NEVADA

1., Power Spectra

Spectral Bands: 2.0 - 2.6 lim

3.0 - 4.2 Pm

3.5 - 3.9 ijm

4.5 - 5.5 pm

9.0 - 11.4 pm

3.8-80
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PISGAII CRATER, CALIFORNIA

Pert inntu Sene and Flight Information

(flate o(f Fl ight: 30 October IW70)

/A

.3

E '1

N I
• I
L I

NI

•2

, •t oi~Icci
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- '~ERIM

PISCAH CRATER D•,ta

Wavelength Bands:

8.0-10.9 pm, 9.4-12.1 p:m, 11.3-13.5 )'n-

2
IFOV: 31.5 rnrad (11.3-13.5); 21x28 mrad (8.0-10.9, 9.4-12.1)

Altitude: 1000 ft Depre-ssInn AnLle: 90'

Time: 0830 lirs Flight DireL.tion: South--SoutheasL

(rotmd Speed: 'u200 fL-seC-'1

Area Covered (Aprox.): 6050 ft long x 820 ft wIde_

Meteorology: Visibility 50 ml; clear and bright, dry;

cloud cover 10%

i
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K- K820 ft -

GREYMAP OF PISGAH CRATER

(Note: Line range of scene analyzed was 1-1988; not completely shown here.)
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__

PISGAH CRATER, CALIFORNIA

Histograms

Spectral Bands: 8.0 - 10.9 Pm
9.4 - 12.1 pm

11.3 - 13.5 pmi

-Circles define a Gaussian curve with the same mean and standard

deviation as the actual histogram. An "S" on some curves indicates

satturation. Because of limits on gain settings some values may exist

beyond the digital limits of 0 and 255, the digital dynamic range of

"h•e data processing.

3.9-6
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PISCAIt CRATER, CALIFORNIA ]
bMeans and Standard Deviations for Spectral Bands

Spectral Bands: Channel 1: 8.0 - 10.9 ijm ('K)

Channel 2: 9.4 - 12.1. •im ('K)

Channel 4: 1.1.3 - 13.5 pim (.K) A

A

° -i

3i

II
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PISGAH CRATER

Number of Subregions 1

Pixel Subarea Divisions at: 1 328

Line Subarea Divisions at: 1 1988

Line Increment Used = 1

- Pixel lncrement Used = 1

Channels: i(8.o - 10.9 wm)
-(9.4 - 12.1 pm)

4(•1±.3 - 13.5 pm)

TotChannels 4 2 40

Mean 2.8859E+02 2.8841E+02 2.8951E+02

St. Dev. 2.3106E+00 2. 3612E+00 2.8894E+00
STotal Points 4607T43 460743 650076

FA
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L 100M

L HO

o.. p

1.40

S• ~820 ft --

SArea: PISGAH CRATER (WdVelergth 11.3 -13.5 van)

Te p r t r Threshold = Mean + 2.22 a

- Mean = 289.51 Kelvin

Std. Dev. u = 2.89 Kelvin

•! EQUIVALENT ELLIPTICAL AREAS391

1..0- = .
- 32.f9-14

Ara 1IA RTR(~elr~h-1. 35~m
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PISGAH CRATER

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 2.22 a

S(QUARE METERS FREQUENCY Wavelength = 11 .3 - 13.5 pm
-3.0 TO S.0 0to Mean ý 289.51 Kelvin

5.0 It) 10.0 52
lo.n TI) 15.0 22 c = 2.89 Kelvin
15.0 To 20.0 2

S20..0 To 25.0 7
25.;0 Id 30.0 2
30.0 In 35.0 1
35.0 TO 00.o0 1
40.0 TO 45.0 3
4"t.0 TU 50.0 2
50.0 o.f 75.0 1
7S.1 Iti) 100.0

100.0 TI) 150. 2
S15O.0 TI) 200n0 .
200.• TI) 250.0 0

y€ 2 0.o TO) 300.0 0
3u0.0 TIo 400,O 0

S400.0 T 500.0 0
- . flyERVF 500.0 0

TOTAL NUMBER OF ELLIPTICAL ARFAS 197

576 FEATURES wITH ARFAS LESS THAN 3.00 SQ. METERS WERE ALSf RPECt).NILED

HIY PERIMETER HY SHAPF

METERS FEET FREQUENCY SHAPE f ACT.)R FIU(jtJENCY

0 iT) 7 a To PP 0 n.0 T.) 1.0 0
7 TIP 10 P? 1II 32 46 1 7.0 T .1 0

10 i n 12 32 TI 4Q I 1. TI) 1.2 5
12 Tn I 31 TI' '1% 6 1.? 36 ,13 1

*14 if) 16 1t n 52 21 1.3 TO 1.4 '1
16 TI) 17 5P Tit 5% 0 1. Ti) 1.5 30

_ 17 TI) 20 5I TI) 6A 10 1. If) .6h P2
20 Io) 2 t 9 TI 72 3 1 6 Tit 1.7 27
22 1'0 24 72 TI) 78 1 .7 TI 1.8 7
24 Tn 26 7R TI' I S 0 . M TII ,9 4
20 Tf .8 659 Tit 01 2 O Ti 2.0 18

10 T 30 111 9l e 4 1) TOi 24 14
10 TO 2 32 OA Tilo i 1% T1 1.6 3
32 T0 39 104 T) IP7 10 ?*h TI) P.8 5
39 10 a5 127 TI 1117 3 p.A TI) 5.0 1
- S I Tn 5 11a7 Ti1 J fOl 3 j.0 TI) 32.2" r 5% 1) 71 180 ToI 23? 4 4cS TI) U0. )

1 Tn 100 ?S? 11) 3 )L 2 0 T,) 4.1 f)
I I UVER t00 OvEp 32b 2 OVFq 45 1

[ , 3.9-15
' -I --
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PI P 32

L 160

_. L 4004
L4180

- 820 ft

Area: PISGAH CRATER (Wavelength = 11.3 - 13.5 1,m)

lemperature Threshold = Mean + 2.75

Mean ;:3•.51 Kelvin

Std. Dev. = = 2.89 Kelvin

EQUIVALENT ELLIPTICAL AREAS
Io
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PISGAH CRATER

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

Threshold = Mean + 2.75 o

S-JQUAH METERS FREQUENCY Wavelength = 11.3 - 13.5 urm

3.0 TO 5.0 Z6 Mean = 289.51 Kelvin
5,0 TO 10.0 17

10.0 TO IS.0 3 u 2.89 Kelvin
15.0 To 20.0 2
20.0 TO 29.0 0
25.0 TO 30.0 0
0.0 To 35.0 0)

3S.0 TO 41A 0 I
40".0 I•i) "t0 0

-0.0 TO( 50.0 0

50.0 To 75.0 0
71 9,n TO 10.o0 0

100.0 TI) 150.0 0
150.n TU 200.0 0
7'0o.) TO 250.0 0

* 250.0 To 300.0 0
300.0 TO 400.0 0
400.0) 11( 500.0 0

C' OVER 500.0 0

TOTAL hM1BFR OF ELLIPTICAL A,F-AS = 9 I
* 170 FEATURfS 4ITH AREAS LESS TIAN 3.00 Q. MHTERS WERE ALSO RECOGNIZFD

-3Y PFIMETERq HY 9HAPE

MEIENS FFET FREQUE-NCY SHAP. FACTOR FRE0tJENCY

o0 in 7 0 TI 22 0 0,0 TO 1.0 0
7 1T 10 22 T1( 32 13 1.0 TO 1.1 0

S10 if) 12 3? TO r) g I1 1.1 To. I.2 0
12 TO Ia 30 TI i 5 7 j,? Ti) 1.3 3
14 1r, b 16 11 To r,) 3 ,. TI) 1." 11S
16 TO 17 5? T, ¼ "S 0 .'JT(III.S 3
S.-7 TO n 0 99 Tn S5 10 j I Ti' 1.6 5
20 in 22 , 9b ITI! 72 0 1.6 111 1.7 t
?22 7r) 24 7? T0 784 1 1 .7 T( 1. 3
24 TO7 P h 7 To 95 1A ) 1.I .
26 T 24 19 TI') ' 41 70 1.Q TQI) 2.0 3
P28 TO 30 03 If T 1 8 0 P.0 II 2 .4 S
30 TI) 32 08 R Tf 14'4 0 2. O26 1
3e o ir t 39 ki To I;' 7 2 ;h ?0 .13 0
39 TO1 05 ¶2?7 To) II Li 7, Tf 3.0
05 TO 55 1"7 TI) IA0 0 ,,0 AI) 3.5 0
55 TI) 71 180 in 212 1 ,.9 Tf,0 0
71 1( 30o0 31) TO 3?4 0 4,0 Tr) '.5 0

OVER 1 u fVFW 3?h 0 nvFF 4.5 0

3.9-17
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PISGAH CRATER, CALIFORNIA

Power Spectra

Spectral Band: 11.3 - 13.5 irm

.

•5 3.9-1.8
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PORT HUENEME, CALIFORNIA*

Pertinent Scene and Flight Information

(Date of Flight: 7 March 1978)

- a

Fmi specif ic di scussions of these and associated data f Or thlii Scen 'ry,
refer to Reference 4.

3.10-1



)ERIM _ _ _ _ _

IUM'E1 Data

Wavel,'uogth Bands;

2.0-2.6 iur, ".0-4.2 i'm, 4.5-5.5 umr, 9.0-11.4 im

IFOV: 2.5 mrad

1.. Altitude: 1750 ft Depression Anglc: 0o0

Time: 1215 hrs Flight firocti cm: West

Ground Speed: 202 ft-sec 1

-Area Covered (A.pprx.) :

Total) 6350 ft lon'- x 2800 ft wide

1IUME2 Data

Wavelength Bands:

2.0-2.6 om, 3.0-4.2 }'m, 4.5-5.5 urm, 9.0-11.4 urm

I FOV : 2.5 mmrad

Altitude: 1000 ft Depression Angle: 350

Time: 1420 hrs 1hplt Direction: West

GSround jeed: 202 ft-sec

Area Covered (Approx.):

Glints) iOG0 ft long x 900 ft wide (sun glint on water)

Meteorology _(HUMEl and HUME2): Visibility > 15 mi;

slight haze; high scatttrcd clouds; water calm, slight

rolling waves.

3.10-2
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A

PORT HUENEME, CALIFORNIA

Histograms

Spectra] Bands; 2.0 - 2.6 Jim
3.0 - 4.2 i'm
4.5 - 5.5 i'm
9.0 - 11.1, l'm

(I rel vs- doefine a Gaussi an curve with the same mean and standlard
dviat iL as the actual hi stogram. An "S" on some Curves indicates
-atiraticnn. Because of limits on gain set tings some values nun', exis;t
heyond the dlgttal I imits of 0 and 255, the digital. dynanmic range of'
the- data proceussiug.
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PORT ILUENENE, CALIFORNIA

Means and Standard Deviations for Spectral Bands

Correlations Between Spectral Bands

S-l -l)i
Spectral Bands: Channel 6: 2.0 - 2.6 jim (pW-cm 2-sr -11m I

Channel 10: 3.0 - 4.2 ojm (°1)

Channel 11: 4.5 - 5.5 im ('K)

Channel 12: 9.0 - 11.4 jm ('K) c i

Sii

!A

Bucau~se of the relativ(.ly small te'mperature chianges ill the scenery,
there i-, a nearly linear relationship between Ole temperature ý!nd ladiaIcU.

statistics for the t~hpi-ial channels. It ip, pertinent, thtrefore, to ý,.ompmtc N
correlations between radiance and temperature channels.

30

SdI



1-HUMEl

"TOTAL SCENE

- Number of Subregions 1

Pixel Subarea Divisions at: 10 636

Line Subarea Divisions at: 101 1550

Line Increment Used 1

Pixel Increment Used = 1

Correlation Channels: 6 (2.0 - 2.6 vm)
11 (4.5 - 5.5 tim)

12 (9.0 - 11.4 ijn)

It

Correlation 6 11 12

6 1.000

11 0.791 1.000

12 0.767 0.921 1.000

Channels 6 11 12

Mean 7.8128E4-01 2.9454E+02 3.0054E+02

St. Dev. 5.0523E+01 4.7889E+0( 7.9584F+00

T tal Fts. 907700. 907700. 907700.

3.10-19



LEIRIM

HUME2

GLINTS

Number of Subregions 1

Pixel Subarea M)iviýiions at: 301 500

Line Subarea Divisions at: 1351 1550

l~ine Increment Used 1

Pixel Increment Used = 1

Correlation Channels: 6 (2.0 - 2.6 prm)
10 (3.0 - 4.2 um)
11 (4.5 - 5.5 v~m)

12 (9.0 - 11.4 ,jm)

CufLilaLion 6 10 11 12

6 1.000

10 0.846 1.000

11 0.892 0.683 1.000

12 -0.094 -0.113 0.049 1.000

Cnanne ls 6 10 11 12

Mean 1.!502.5E+02 3.1405i1+02 2. 90831+02 2.8816E+02

St. Dev. 3.1205E+02 1. 3863E4-01 2.7197E+00 6.4991E-01

Total Pts. 39800. 39800. 39800 3980

3.10-20

I°



_ )[RIM

PORT "U-uNEME, CALIFORNIA

Ellipse SLatistics

Spectral Bands: 2.0 - 2.6 ilm

3.0 - 4.2 otm

-- • 4.5 - 5.5 IIm

9.0 - 11.4 urn

i0=

I-

. •

"1'• 3.10 - 21.
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p V) P636

1-1011

- 'I

' . I.. . -

-,z-

Al I

a..

11I55(1
a- 2750 ft

Area: HUM1 (Wavelength = 2.0 - 2.6 um)

Radiance Threshold - Mean + 1.50 u

Mean 78.13 IW-cm-2 -sr-I -mr
-2 -1 -

Std. Dev. 50.52 ujW-cmn -sr -pm

EQUIVALENT ELLIPTICAL AREAS

,IIII

S~3.1l0-22
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HUMEl

Si131RIBUTION OF ELLIPTICAL AkEAi• GREAT['i T!IAN T H R FSH

BY AREA Threshold = Mean + 1 .50 o
SQUARE MEtERS FREqUENCY Wavelength 2.0 - 2.6 pm

Mean 78.1 1 W-cm 2 -sr -io
10.0 5 W-cm 2 1sr- -

-0.o TO 15.0 78 u = 50.52 -pim
19.0 TO 20.0 ,o
20.0 TO u 5.0 21
29.0 TO 30.0 3b
20.0 TO 3".0 20
35.0 TO 

200, O L
O,0' TO 4.1.0 11

45.0 TO 50.0 11
50.0 TO 75.0 Ž2
75.0 TO 100.0 16

100.,0 TO 150.0 16
1•0.0 TO 200.0 6
20o.0 TO 250,0S25oO TO1) 300,0 2
300,0 T ) 400.0 5
400.0 TO 500.0 3

"OVE N 00.0 18

TOTAL NUMBER OF ElLIPTICAL AREAS . 355

854 FEATURES WITH ARFAS LESS TIAN 0.00 50, METFPS WERE ALSO RECOGNIZFD

BY PERIMETER BY SHAPF

METERS FEET FREQUENCY SHAP. FACT(OR FREQULNCY

0 TO 7 0 TO 2? 0 0,0 TO 1.0 0
7 TO to 22 TO 32 0 t.0 TO I.1 0

t0 TO 12 32 T0 39 0 1.1 TO 2.2 6
12 TO .14 3q 39 T u5 15 1,? T•) 1.3 17
14 TO 16 4S TO 92 0 1.I TO 1.4 N-
I b 10 17 s? Tn 95 ?7 1.4 TI) 1 .5 22
17 TO 20 55 To) 65 36 1.S TII 1.6 51

__ ?, TO 2Ž 65V TO 72 34L 1,6 TO 1.7 26
?2 TI] a4 7? 71) 711 0 1.7 TI) 1.8 3A
?11 10 26b 7 ! TI A 2" 3 1.'I To I .q Ž21
26 TO Ž28 85 TI) 91 Z2 1,9 ToI ?,0 $2
128 1f) 30 91 To, 98 ?.0 TI) 2 . 5AS30 TI) 32 q9m TO 10' 0 2.41 TO 2.6 14

32 10 19 104 TO I) 17 45 ?.6 TO 2.8 11
19) TO A5 127 TI) 1i7 22 R.0 TI) 3.0 9
4 '. T o SI 1'147 TO I AD ?3 'A . TI) 3.5 155 TO 71 1iH TO 21?, I 3.5 TO 4.0 8

71 TI1) 100 23? TI) 328 ?1 a4,A TI. 14.' 1IQ (.)VLR 100 OVIR 328 49 liVFR 4"5 b

3.10-23
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Pln P636

LIOI

SJ

"I N

." 

S

Li 550
~-2750 ft

Area: HUMI (Wavelength - 2.0 2.6 1im)

Radiance Thri~stold =Mean 2.0 a

-2 -1 -1
Men = 78.13 pW-c m -sr -p

EQUlVALENT LILLTICAL AREAS

Q(

3.10-24
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HUME1

DISTRIBUTION OF ELLIPTIcAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold = Mean + 2.0 a
SQUARE METERS FREQUENCY Wavelength = 2.0 - 2.6 )•.ISWc-2 -1 -1

SMean = 78.13 pW -sr -i'm- 8 ,0 iO 10.0 14 -2 -l -1
10.0 TO 15.0 21 a = 50.52 pW-cm -sr -1pnm-
15.0 TO 20.0 II

* - 20.0 To) 25.0 12
e5.0 TO 30.0 6
30.0 TO 35.0 9
35.0 It) TO0,0 6
40,0 TO 50S. 3
S50.0TO 75.0

75.0 To 100.0 3
100,0 TO 150.0 3
150.0 TO 200.0 2
200.0 TO0 250.0 1
250.0 To( 300.0 2

* 3vO.0 TO 400.0 2
F. *4 00,0 10 500.O 2

, 0  
LIVER 500.0

TOTAL NIhIBER OF ETLIPTICAu AREAS a 114

358 FEATURES .1TH AFEAS LESS THAN 8.00 SO. METERS WERE ALSO RECOGNrZFD

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FRFQUENCY

0 TO 7 0 TO ?2 0 0.0 TY 1.0 0
7 T0 10 22 T(I 32 0 1.0 TI] ,1 0

10 TO 1? 3? TO 39 0 1.1 I)T 1.2 0
12 to) 14 39 fo 45 2 1.2 THI 1.3 3
14 T G 16 49 TL) 52 0 1,3 TO 1 .4
16 TOf 17 .52 TO 55 9 1.11 TI) 1, 7
17 TI) 20 55 TI) 65 12 1.9 TO 1.6 IfSu o P.O ! 65 Ti) 72 15 1.6 T:) 1,7 15
22 7n 24 7? Tfl 78 0 1.7 TO ,0 13
24 TO0 26 78 TI) 85 0 1 . T0) 1.9 9
26 To 8 2 15 TO 91 4 1 .Q T (1 2.0 5
28 T0 30 q I Ti) 96 6 P.0 TO 2,4 23
30 TO 32 98 TO 104 0 2.0 TO 2.6 2
3 2 10 39 104 TO 127 17 2,6 T 0 2,8 5
39 T I 4% 127 TI) 1a7 8 ?,1 iTO 6.0 2
uS TO 55 247 WTo 10 10 3,0 TO 3,5 .3
55 711 71 180 TO 262 3 3,% T, ii . 0 0
71 1w 100 232 Tfl 3?8 7 '.,O iu .5 0

OVER 100 OVER 328 13 OVER 4.5 1

I3.02

'IF •3.10-25
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PID P636
L I OI) ,A-

0-1

,. \.

L155 2750 ft-~- -

Area: HUM]l (Waveleu'yth = 4.5 -5.5 im

Temperature Threshold =Mean + 2.00 u

Mean 294.54 Kelvin

- Std. 0ev. a 4.79 Kelvin

EQUIVALENT ELLIPTICAL AREAS

'1%
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HUME]

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

by AREA Threshold = Mean + 2.00 u

SOUARE M#ETERS FREQUENCY Wavelength = 4.5 - 5.5 pm

Mean = 294.54 Kelvin
8.0 TO 10.0 21

10.0 TO 15.0 35 a 4.79 Kelvin
15.0 TO 20.0 19
20.0 TO 25.0 I I
2S.0 TO 30.0 8
30.0 TO 35.0 6
395.0 TO o40.•0
'41.0 t) 45.0 6
'4S.0 To 50.0A
50.0 TO 75. 0 8
75.0 TO 100.0 3

100.n TO 150.0 7
150.0 TO 200.0 6
?00.0 TO 250.0 1
250.0 TO 300.0 2

; 30n.0 TO U 400.0
400 0,0 TO U 50.0 2

OVER 500.0 4

TOTAL NUJBER OF ELLIPTICAL AREAS = t49

241 FEATURES WITH AREAS LESS THAN 8,00 SO. METERS WERE ALSO RECOGNIZED

BY PER1METER HY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQiJENCY

0 TO 7 0 To 22 0 0.0 TO 1.0 0
7 TO 10 22 To 32 0 1.0 TO 1.1 0

10 TO 12 3? TO 39 0 1.1 TO 1.2 3
12 TO 14 39 TO 15 10 1.2 TU 1,3 |0
14 TO lb '45 TO 52 0 1.3 TO 1.4 16
16 To 17 S? TO S5 17 .[A TO) I.5 12
17 1o 20 55 TO 65 20 1.5 TO) 1., 21
20 TOD 22 65 TO0 72 13 1.6 TO 1.7 1b
22 TO 24 7? TO 78 0 1.7 To 1.8 12

- 20 TO 26 78 T) o 5 10 1.8 To 1.9 11
26b TO 28 85 TO 91 9 1.9 T 0 2.0 7
28 TI) 30 q1 TO 98 9 2.0 To 2.4 19
30 to 342 (n I0 10( 0 ?.'J TO 2.6 b
32 To 39 104 To 127 12 P.6 To) 2.8 4
39 TO 45 127 TO 147 6 2.0 TO 3.0 3
45 TO 55 147 TO iA0 10 3.0 TO 3.5
55 TO 71 180 TO 232 9 3.5 TO '4.0 3
71 TO 100 232 TO 32b 7 11.0 TO 4.5 0

OVER 100 OVFR 328 17 OVFR 4.5 0

3.10-27
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YERIM

PlO P636

LIO1 0.

# L1550

LiO-. 2750 ft

"Area: HUM1 (Wavelength 4.5 - 5.5 trm)

Temperature Threshold z Mean + 3.00 o

Mean 294.54 Kelvin

Std. Dev. a = 4.19 Kelvin

EQUIVALENT ELLIPTICA'L AREAS

3.10-28
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Ai

HUMEI

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold Mean + 3.00 o

3QUARE METERS FREOUENCY Wavelength = 4.5 - 5.5 vim

.0 TI 10.0 3 Mean = 294.54 Kelvin
10.0 TO 15.0 (1= 4.79 Kelvin
19.0 TO 20.0 2
20.0 It) ?5.0
e 5,o TO 30.0 0
30.0 1, 35.0 4
A').O TO 0.0 "6
.40.0 TO "SO 0
495.0 TO 50.0 0
50.0 TO 75.0 2
71,.0 TO 100.0 0

100,0 T1) 150.0 0
150.0 T1 200.0 0
?o0.0 TO 2;•0.0 0
250.0 TO0 300.0 0

, , 300.0 TO o00.0

400.n* TO 00.0 0
SVER bO0.O ,

TOTAL NUHBER OF ELLIPTICAL AREAS 17

24) FLATURES WITH AREAS LESS THAN 8.00 SQ. METERS WERE ALSO RECOGNIZED

1BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 To 22 0 0.0 TL' 1.0 0
7 TO 10 22 TO 32 0 1.0 TV 1.1 0

10 TO 12 32 T( 39 0 1.1 TO 1.2 0
12 0 TO 1'4 39 T (. 5 1 T? 10 1.3 1
14 To 16 45 TO 52 0 1. 3 TO . 0
16 TO 17 52 To 55 0 1.1t T0 1.q I
17 To 20 55 T n O5 1.9 T l1 .b 1
20 TI) 22 65 TOf 72 1 1.6 1) 1 .7 p
2? T(o 2) 72 TlO 78 0 1. 7 L0) . A 3
24 T(l 26 70 To 8( 5 2 1.m lii 1 ,q 0
-2b tf) 28 TO 91 1 1.9 TO) f.0
28 TOr 30 9t T0 9)A 2 2.0 TII 24 3
3 0 TO 32 q 8 Ti[ 1O)4 0 2.4 T 0 2.6
32 TO( 39 Iou T(J 1?7 3 2.h TI) e.M A
39 11) LI 127 Tf) 1"7 0 ?.A TIO 3.0 0
4J5 TO 55 107 T1, 10O 3 3.0 TO 3.*' 0
55 Ili 71 18O TO ?W 0 3.s TIO u.. 0
11 TO 100 P2 7() 328 0 4 .. ) TO) 4. 5 0SOVER 100 OVER 328 1 1)v F 14.5 0

3.10-29



P1) P636 -

tt

L1550-
T r T

I IN

Std Dv.796Kevi

* I

EQI N E

Are03 0 .

• ~Temlperature Threshold : Mean + 2.00 o

,, - Mean = 300.54 Kelvin

- ~~Std. 0ev. =o=7.96 Kelvin

II., - EQUIVALENT ELLIPTICAL AREAS

S • ~3.10~- 30



?• HUMEISUISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY AREA Threshold = Mean + 2.00 c

SQUARE METERS FREQUENCY Wavelength = 9.0 - 11.4 pm
- Mean = 300.54 Kelvin

8.0 To 10,0 26

10.0 TO• 15.0 •7 = 7.96 Kelvin
19.0 To 20.0 25
20.0 TO 25.0 18
25.0 To 30.0 7
30.0 TO 35N0 014
35.0 TO 00.0 7
40.0 TO LS5,0 7
45.0 To 10. . 0
50.0 To 75.0 14

7S.0 Tio 100.0 2
10 0f0 Tu 150.0 7
150.0 TO 200.0 7
200.0 To R50.0 1

* 2so.0 TO 300.0 3
S70uO.0 TO 400.0 2
'400.0 TO 500.0

) OVER SOO.o 0

TOTAL K•J•gER OF ELLIPTICAL ARFAS = 197

387 FEATURES WITH AREAS LESS IHAIJ F.00 S0. METERS WERE ALSO RECOGNIZE0

BY PERIMETER BY SHAPE

METERS FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TI) 22 0 0.0 TO 1.0 0
7 TO 10 22 TO 32 0 1.0 TO 1.1 0

10 TO 12 32 7i) 39 0 1,1 TO 1.2 1
12 it 10 39 TI 15 7 1.2 T[) 1.3 8
1'l TO 16 45 TO 92 0 1 .I TO 1.4 03
lb TO 17 52 TO 35 2? 1.0 TO 1.5S
17 TO 20 55 TO 1S 15 1.5 TO I.b 34
20 TO 22 65 TO 72 L1t TO1 1.7 lb
22 Tn0 24 72 TI) 78 0 1 .7 T -0 1 .8 23
24 10 26 78 To RS 18 1. To 1.9 10
26 To 28 85 TO 91 6 1.9 TO11 2.0 9
28 TO 30 q1 To) q8 11 2.0 TO 2.': 31
30 TO 32 q9R TO 104 0 ?,4 TO 2.U 5
32 TO 39 104 Ti) 127 2b 2., TO ?.M 7
39 TO 45 127 TO) 147 7 2.8, TO 3.0 2
115 TO 55 147 '0 18O 14 n 0 T .O35 02

S55 10 7* 180 TO 232 8 3.' 10 ( .0 3
71 TO 100 232 TO 326 9 4.0 'utj '.5 '4

OVER 100 OvER 328 24 00fNR 'I.5 0

3.10-31
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LE U M--

PIO ?636

1-101

f
ID

L I 5bO 
2?50 ft

Area: HUMI (Wavelength = 9.0 11 .4

Temperature Threshold = Mean 3.00

Mean = 300.54 KcIvin

5td. Dev. o = 7.96 Kelvin

EQ11IVALENT ELLIPTICAL AREV
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4ii

YTRIM

FHUMEI

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

by AREA Threshold - Mean + 3.00 a
SQUARE MFTERS FRE,1UENCY Wavelength 9.0 '1.4 pvm

TMean = 300.54 Kelvin
10.0 To 15.0 2 o 7.96 Kelvin
15.0 TO ?0.0 -
20.0 To 25.0 0
25.0 To 30.0 0

1., • 30.0 TO 35.0 1
3•5.0 TO 00.0
400.0 TO 45.0 1
415.0 Tin 50.01

05.0 TU 75,.o
;%,0 TO 100.0 0

100.0 Tu Is5.0 0
150n To 21lo.o 0o

t0 100.0 TO ,50,0 1
"250.0 T1 300.0 c

* 300.0 TO 000,o 0'400.0 tt) bO0 .0 0
IVER bo500.0 0

TOTAL CFJMIER OF ELLIPTICAL ARE-AS I I

22 FCEAUHES WITH AREAS LESS THAN 8.00 SQ. METERS WERE ALSO RECOGNIZFD

EBY PFRIMETER BY ,-HAPF

PmETERS FFET FREQUENCY SHAPE FACTOR FPEOLIENCY

0 tl0 7 A TO 22Z 0.0 TO 1.0 .
L TO 10 22 T1- 32 0 1.0 T) 1.1 0

10 TOl 12 3? TO 39 0 I 0' To. 1..
12 TO 14 39 T n a5 0 .a TI) I.3 0
14 TO I1 I15 T( 52 0 1.3 Til 1.04 0
16 F r, 17 5? TIO 55 0 1.11 TO 1.5 2
17 TO 20 5C, TO 6% 1 1.5 TI 1, 0
20 TO 22 1)5 To 72 3 1.6 TI) 1.7 0
22 10 2. 72 TO0 76 0 1,7 i0 1.8 0
2u 0 ?b 78 TO 58 0 1, To 1T 9 3
26 TO 208 85 TI) 91 0 1. TO 2.0 0
28 iT) 30 91 TO QIA 2.0 T8 2.0 2
30 Tn0 32 A TI) 104 0 P.O TI 2,• 0
3? TO 39 100 To 127 0 ..6 ILl 2.6 1

in9 10 0 177 TO ju1 2 p.A TO 5.0 1
45 10 55 147 T r) I10 1 3,0 71 ( .5
55 T U 71 180 Tr) 232 0 3.5 TI) Q.0 0I. 71 TO 100 23? Tu 3?8 2 1.0 Yi /I .5 u

VI0 R 00 V 37 OVlR 4 .

3.10-33
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p 301 P 501

0

* I

o 0

j

0 01

L 1351

87b IFt

Area: HUM, (Wavelength 2.0 -2,6 vm) :

SRadiance Threshold = Mean + 2.00 a :

SMean 150.25 IJW-cm2-r lpm"

.•, Std, nev, ] 1?.05 PW-Cnl2--sr-lJmIM

EQUIVALENT ELLIPTICAL AREAS -WATER GLINTS

3.10•- 34
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HUME2

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold WMan + 2.00 a
tSQUARE METERS FRROEVENCY Wavelength = 2.0 - 2.6 vAm

-2 -1 -
Mean = 150.25 lIW-cm- -sr -jim-I

8. o TO 10.0 14 -2 -1 .-1
n 10.o Tg 15.0 10 a = 112.05 W-cr -sr -urM

S•15.) tO 20.0 5
20.0 Ti) P5.0 2
?S.0 TO 30,0 1"• 30.0 To 1S.,0
3_ • 5.(, To M40°0 0

'40.0 TO 0S.Q0
05.0 TO 50.0 0

50.0 "1t 75.0 0
75*',,0 Tb 0 O10 .
0' 0 .0 T(O 190.0 0

0200,u
+00.0 1) 293D0.0
1200.n t) TO .O

u3h0 TO So•00 0

T TOTAL NUI'JBER OF ELLIPTICAL AREAS 40

36 FEATlUES WITH ARFAS LERS THAN 8.00 0. METERS WERE ALSO RECOGNIZED

RY PLRIMETER BY SHAPEI-

ME'TERS FEET FREQUENCY SHAPE FACTOR FN.iJENCY

0 TO 7 0 TO •2 0 0.0 TO) 1.0 07 To 1 22 1n 12 0 1.07(11.1 0
L10 TO 12 3? TO 19 0 1.1 TO 1.2 7* 12 TO 14 39 Tn 's5 '4 t.? TI) 1.3 0

I L) TO 11 45 T"0 -52 j1 3 
. )0 , 15 is

1 b TO 17 52 1t. 55 1.'1 TO 1,5 2
17 7n 20 59 TO hS 84 1tI TO 1.6 '4
20 T) 0 2 65 Tu 72 3 1,6 TO 1.7 o
22 11) 24 72 TO 78 0 1.7 TO 1,8 5

2TO7 r s11 .6 TO 1.9 1
2! h TO u 2 AS T q 1 4 1,9 T 0 2.0 2 :
21 1f) 30 11 10 q8 0 2.- T Q,4 3
30 T'• 32 qR TO 1O0 0 P,.• TU 2.6 0
32 TO 39 10'4 TO 227 2 P2.6 TO0 2.8 09q TO '5 b 127 Ti) 147 2 2.A TO) 3.0 0
.15 T) 55 147 TO 18A0 0 3,0 TO 3.5 0
55 f1] 71 180 r) o 2"32 2 3.5 TO '4.0 07 1 TO 1O0 ?1? TI) 3? 1 (4,0 TO 4,5 0

U V 1. R 200 OVER 3p? O nVEN 4.5 1

3.10-35
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L . . . .. -

0 Of

0 
J

0

SBi8 b ftr

SArea: HUM2 (Wavelength - 2.0 - 2.6 i,m)

S~Radiance Threshold ý Mean + 3.00 a

SMeant - 150.25 viW-cm -?-sr -1-ijm -1

.Std. Dev, = oi -2-s05 -im

EQUIVALENT ELLIPTICAL AREAS -WALR GLIfllS

3
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HUME2 (Water Glints)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

flY AREA Threshold = Mean + 3.00 a
MSUARE METERS FREOfIUNCY Wavelength = 2.0 - 2.6 wm

Mean = 150.25 viW-cmr -sr-jim
1.0 To 10.0 2 -1 -110. T• 15.1 a = 112.05 -sr -ljm

1SW0 T-S 20.0 A
20.0 T7 25)0 5 2
Z. 9,n TO 30.0 03n.f To 35.0 1

39.0 TO 50.0 0
50.0 TI 45.0 7

4I9* 10 00.0079.0 TIU 100.0 1
Io00. TO 1 5o 015nA* TI. 2010.0 1

nQlO ii 25o.o 0
?50 . Tii 30.0 0
300 n To '400.0 0
1I00I.,, I ) 5-00. 0f

TOTAL •JIIEk OF ELI.T"TICAL AREAS - 32

51 FLATuHE WITH ANEAS LESS THAN 8.00 3S. METERS WEPE ALSO RECOGNIZED

Oy PERIMETER 
flY SHAPE

METERS FFET FRFOUENCy SHAPE FACTOR FRLQUENCY

0 TO 7 0 To 22 0 0..0 TO 1.0 07 19 to 22 TO 3? 0 i.O To 0 11
10 Tri 1? 1? TO 39 0 I I TO 1.2 4S12 Ti) 14 39 T U 15 2 1.2 TO 1.3 4
14 i) 16 t15 TO .5C 6 1,3 To) 1. 9
16 T0 1 r 5? TO 55 0 1 .1 TO 1.5 217 7 20 55 TO 60 5 T ¶5 TI) 1,b 4

o TO 22 6S T 0 72 1 ,6h TO 1,7 4, TO ?T J 72 TO 78 3 1.7 TO) 1.8 1?'9 Tn 26 78 TO 5 2 1,A TO 1.9 2S26 7 0r 26 85 TO] 91 •11 • T t) 2, 0 J°
261ri ?8 STo (1 9 TO) 2.0 I

S28 To 30 Ot T .0 98 ? .0 TLU 2,m 0
30 TI 32 90 ") 104 1 2,a TO 2.6 0
32 TO 39 104 T) 127 0 2.6 'YD 2,8 039 TM '45 127 TIo 1,7 1 ?.A TI) 3,0 0
45 70 ci 147 T0 1m0 2 3.0 TO 3.5 055 1(0 71 210 1(1 2,2 0 3.5 TU 4.0O
71 TO to0 23' TO 3?8 ',,0 TO u4.5 0. .OVE R 100 tiVFR 328 1 OVFR 4.5 1

3,10-37
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A

LF R; m

L1550 -

0 0

LI

•, • lumperaturro Threshold =Mean + 2.00 u :

i Mean 314.05 Kelvin
t i ~Std. Dev. =18.86 Kelvin

SEQUIVALENT ELLIPTICAL AREAS -WATER GLINTS
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HUME2 (Water Glints)

DISTRIBUTION OF'ELLIPTICAL AREAS GREATER THAN THRESHOLD

BlY ARFA Threshold Mean + 2.00 a
SQUARE METERS FREOUENCY Wavelength = 3.0 - 4.2 pm

Mean = 314.05 Kelvin
8.0 TO 10.0 20

10. To is.O S a 18.86 Kelvin
15.0 To 20.0
20o.0 o 25.0
25.0 30) (1.0 3
3n.0 TO 0 5.o s .
39.0 • u ,

-- 05.0 TO 50.0 I

50.0 T. 75.0 2
75.0 T o 10 t)100 .0 Ti1 1s0.0 0

150.0 To 200.0 0
20o.0 TO 25o.0 0
S250.n T7) 3100. 0
a 300.0 TO 000.0 0

')VFH 500.0

TOTAL NIULUSk OF ELLIPTILCAL AREAS 5

72 FEATURES WITH AREAS L-SS THAN 8.00 30, METFRS WERE ALSO RECUNIZED

BY PERIMETER BY SHAPF

METEMS FEET FREOUENCY SHAPE FACTOR FREQUENCY

0 TO 7 A TO 22 0 0,0 TU 1,0
7 Tn 10 2? 0 32 0 1,0 TO 1.1 1

10 To 12 32 TO 3') 1 1.1 TO 1.2 6
12 TO 14J 39 in 115 7 1? ;) 10 .3 3
14 in 16 45 TO 52 12 1.3 TO 1.4 i5
Ib Tf ti 52. TO 55 0 To'J TO 1,5 8
17 yT 20 55 TO 65 to I1S 1U 1,6 5
20 TO 22 65 TO 77 2 1.6 To 1.7 3
22 TO 24' 72 70 79 2 1.7 TO 1,8 4
2TI TO 2 Th b I 1,e TO 1.9 1
z6 10 28 115 TO 1? 1 2 1 q TO 2.0 1
26 TO) 30 q1 TO q8 2 2.0 TO0 2,14 2
30 (fn 32 Q8 TOl 104 2 ,4I TO 20 6 1
32 TO 39 10'4 TO 1 ;7 6 P.6 TO 2.8 0
39 TO 45 127 TO 1Q 7 2 2,a TU 3.0 0
45 TO 55 147 TJ 1A0 0 3.0 T0 3.5 0
55 to 71 190 TO ?32 1 3.c; TO U.0 0
71 TO 10o0 23? TO 3'8 . 7 0 TO 4,5 0

UVER 100 OVFR 3.8 1 fVER 4.5 1

I.-
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SRIM A

paIn P5O0 0

L 1550 A ]

0

0~

/ (-7,

0 %

Il)'
Lii

L 1351 S5~~75 ft •

Area: HUM2 (Wavelength - 3.0 - 4.2 pm)
*1 Temperature Threshold = Mean + 3.00 o

SHMeanr 314.05 Keti/n

Std. Dev. = 18.86 Kelvin

I. EQUIVALENT ELLIPTICAL AREAS - WATER GLINTS

3.10-40
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'LERIM

HUME2 (Water Glints)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

BY ARFA Threshold Mean + 3.00 a
SQUARL METERS FRFr4UFNCY WJavelength =3.0 -4.2 pmn

Mean 314.05 Kelvin
e 0 TO 10,0 5
10.0 TO 15.0 5 a 5 13.86 Kelvin
15.0 TO 20.08
20.0 10 p5. 0
2%.0 TfJ 3n0.1
30.0 TO 35.0
35.0 TO ij0.00
4 A .0 TO 45.0
45.0 TO 50.0 0
5n.0 TO 75.0
75.0 TO 100.0 3
10 D. 0 TO 150.0 0
15 0.0n TO 2no.o 0
210).o To 250 .0 0
25D.0 TO 300.0
31 00.0 TO 400.0 1
40000 T0 500.0 0

OVF R 500.0 3

TOTAL NIUIER OF ELLIPTICAL AREAS - 34

31 FEATUR~ES WITH ARlEAS LESS THAN 8.00 3rd. METERS WERE ALSO RECOGNIZED

BY PERIMETER BY SHAPE -
METFI4S FEET FREQUENCY SHAPE FACTOR FREQUENCY

0 TO 7 0 TO ?Z0 0,0 To 1.0 0
UA7 TO 10 2 2 '0 32 0 1.0 To 1 .10

10 TO0 12 32 '[n 39 0 1 . t I 1.2 6
12 TO n 1 39 TO 45 3 1 .210Q 1.3 3
Io q10 16 45 TO 5? 6 1 3 TO 1.4 4
16 TO) 17 S2 To 515 0 1.4 10 1.5 0
X 7 10 20 55 TO 65 S 1.5 TO 1.6 2A
20 in ?2 05 TO 72 0 1.4 TO 1,7 2
22 in 24 72 TO 78 0 1 .7 TO 1.8 1
z!1 1i in 6? 7~ TA It 5 2 1 .A TO 1.9 2A
26 T Q 28 9S TO q 1 0 1.9 TO 2.0 1
?8 10 30 1I TO 98 2 P.0 TO P.4 3
30 TO0 32 Q8 TI) t04 1 2.4 70 2.6 3
310 TO 39 104 TO 127 1 2.6 TO 2,8 2
39 TO n 05 127 If) I a7 1 2 .P To 3.0 0
0$ TI) 5 5 I~j? TOn 180 2 3.0 TO 3.5 2
S 5 TO0 71 18n if) 232 1 3.9 ILI 4.01
71 TO 100 ?3? 10 326 5 4,C TO 0.5
OVER 100 OVER 328 5 OVER 0.51

3.10-41l
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~JRIM

P3fSl P500
L1351

00

Ll 550 875 ft

Area: HUM2 (Wavelength =4.5 -5.5 ijrm)

Temperature Threshold =Mean + 2.50 a

Mean =290.83 Kelvin

Std. Dev. a 2.72 Ke'vln

EQUIVALENT ELLIPTICAL AREAS -WATER GLINTS

3,10-42
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HUME2 (Water Glints)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD __

A
by AREA Threshold = Mean + 2.50 a -

9UUARL METErS RIpQUFNCf Wavelength 4.5 - 5.5 um a

6.0• 2 Mean = 290.83 Kelvin
10.0 is.o I a = 2.72 Kelvin
5.0 Tl 320.0 3

Sn 0. T0 T 0

30.o TIL) I0

Q9.0 TO S0.o
50.0 Tu 75.0 1
75.o0 TO 100.0 1

1 o 0.O TO 150.0 0
I b'. O TO0 200.0 0I £~0'•0 ? 5. 0 0
? 550.0 TU 30). 0
suo.0 uo 400.00

U-lJA.0 TO 500.0 1

O VELH 500. 2

TOTAL NUMBER OF ELLTWC:ICAL AREAS - It

15 FEATURES ý.ITH AREAS LESS THA'J A.00 90. McTFRS WERE ALSO RýCUGNIZFO

SBY PERIMETER BY SHAPE

M F METERS FEFT FREQUENCY SHAPE FACTuO FREUJENCY

0 TO 7 0 TOl ?2 0 0*" TU 1.0 0
7 TO 10 22 To 32 0 .0 11 1.1 u

10 VT1 1? 32 TO 39 0 1 TO 1.2 0
12 T11 14 39 T( aS 0 a.? 0i 1.3 1
14 10 1-1 ti5 TO 92 0 1 . 1 T 1.4 1
It) TI) 11 52 '1) 55 0 1 Q TO 1.51
11 T1 20 5S T o 65 T1 1 T 1.6 h
20 lo P2 65 T(O 7? 2 1.h TL 1.7 0
?2 TO 2? 7? To 7h 0 1 .7 TO) i.0 0

- 24 1)1 Z6 71 To AS 0 1.6 T4 1.9 '
26 1() 26 85 To qi I I TU 2.0 0
28t hI) 30 "it ITo 06 2.0 10~ 2.4 u

w 30 To0 32 141 Tl 10 4 1 .4 T 2.6 1
3? Tf 39 10o To 1.7 1 2.6 T1 ?.A 0
.9 10 45 127 To l a 0 2.8 1t 3t O U .
415 10 55 1 47 10 180 2 ".0 TO 1 3.5 -
55 TI 71 18A TO 212 0 .5 To 4.0 0

- 71 T1D 100 232 TO 328 1 4.0 TO 04.5 U
. -04tL 100 OVF.R 328 3 DOVR 14 ..

3 1I

'I
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/ERIM

P30 1 P500

L.1351

9%

75f

0?

Area: HUM2 (Wavelength =4.S 5.5 pnm)

Temperature Threshold =Mean + 3.00 a

Mean =290.83 Kelvin

Std. 0ev. a = 2.72 Kelvin

EQUIVALENT ELLIPTICAL AkEAS -WATER GLINTS

3.10-44

1, ½



AA

HUME2 (Water Glints)

OISTRIBUTION OF ELLIPTICAL ARLAS GREATER THAN THRESHOLD

fly AREA Threshold = Mean + 3.00 o

SQUARE METERS FREQUENCY Wavelength = 4.5 - 5.5 Jim

Mean = 290.83 Kelvin
8.A TO In .0

10 .0 To 1s., l a = 2.72 Kelvin
1I5.0 TO 20,0 1
20.0 Tu 25.0.

25. To 30.0 0
30.0 To. 3so A.
S3S.o Ti) L). a A
Q 0 0 1 ot L15 . 0 0 :'

IJ~ it) so.oA
u0. ij 75.0 0 A

75.0 To 10 .(,l 0
100 0 TO 19.0o 0
I ",10 .0 TO 200.u 0
200.0 1i .O0 1
eMO 0 0I) 300.o 0
300.0 Tij fl0

"u0. T 50f0.o 0I
lInYE.R 500.0 2

TOTAL NUMBER OF ELLLIPTICAL AREAS = 9

17 FEATIIRES w1 TH AREAS LESS THAI) 8.00 So, MEIFRS WER(E ALSO RELCIII4ZEU

SBY PEPIMtITR BY SiHAPF

MFTERS fFEE FRQFUENCY SHAPE FACTOR FREQUENCY

0 TI 7 0 TO 22 0 A*.0 TI' 1,0 0
7 TO 10 22 111 32 0 1 11 (1 1 i 0

10 TO 12 32 TO0 19 0 1. TI)I( 1 .2 1
12 TO 114 39 To 145 0 1? 1 u 1 .3

ifl TO 16 45 Trj 52 2 13 i1.
Ilb TO 17 52 1,1 55 0 1.11 TO' 15 I17 11) 20 55 TO o5 2 1 15 hi 1,6 I

- 20 TO 22 65 To) 72 1 I1. Ti) 1,7 0r2? TO 241 72 TO 76 0 1.7 Ti, 1.8 1
24 TO 20 7R TO f t 1.8 1 11 Q.' 0
26 TDl 28 a TO "1 0 1,1 To 2.0 1
28 TO 30 41 To nm 0 ?.0 TO) P.4 1
30 T f 3 0 T F 04 0 P I I0 2..6 0
32 TO 19 10(04 T11 1P7 0 ?.h TOI' 2. 0
3- - 9 T0 0i 127 T0 1I 7 0 110 To 1.0 1
45b TO 55 ;17 Ti) I A 0 3*fn TI, -.k S

S55 TO( 71 180 To1 212 0 3 S TO U.0 0
71 TO 100 212 T1O 3?b 0 1.* 0 T1) 4 -
0 VLVER 100 OVER 328 3 OVF t .S 0

-r 3.10-45
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PERIM

P301 P500
L1351 - -

A. #

0*0

4. - ,

S•0 •~ I o* °
Ot 00o

-- 875 ft

Area; HIM2 (Wavelength = 9,0 - 11.4 um)

Temperature Threshold = Mean + 1,00 a

Mea:i 288.46 Kelvin

Std, Dev. c w 0.65 Kelvin

EQUIVALENT ELLIPTICAL AREAS - WAFER GLINTS

3.10-46
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SRIM

HUME2 (Water Glints)

DISTRIBUTION OF ELLIPTICAL AREAS GREATER THAN THRESHOLD

hiY AHEA Threshold Mean + 1.00 a

suUAR:t M1, •FRS FREQUE.NCY Wavelength = 9.0 - 11.4 3Am

0 Mean = 288.46 Kelvin

10o.n TO 1S.0 o 0.65 Kelvin
I S. L Tu 2..u 202 0.0 TU 2b.o Q

2~*i I 30.0 530.0 TI) 35.0 14
3S5.n 1 , 01 .( 0
4 ..O TU 41..0 3
Li9.0 Iii 50.0 I
5 (1. () T ( 7 ý .o 3
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APPENDIX A

V THE MIULTISPECTRAL SCANNER*

Two multispectral scanner systems have been in use at ERIM since

1968. The M-7 scanner was used at the time the Flint, Baltimore,

"and Mill Creek data were generated while its predecessor the M-5 scan-

ner was used in gathering the Pisgah Crater, Black Hills, and Mono

Lake data. All data subsequent to these were collected with the M-7.

The two sca.ners are similar so that only the M-7 is discussed in

detail.

The M-7 scanner, co-ering a wavelength range from 0.33 to 14.0

micrometers, can operate in up to 19 different bands of the ultra-

violet, visible, and infrared regions. Of these bands, 12 can be

selected for tape recording at any one time. As many as five separate

radiation reference sources may be recorded sequentially along with the

ground video once each scan line. The total system, including boresight

cameras, is usually operated in a Douglas C-47 aircraft.

The simplified diagrams of Figure A.l illustrate a typical line

scanner and its methods of airborne use. As shown in the optical sche-

matic at the top of the figure, the scanner basically consists of an

optical telescope with its narrow field of view redirected by a rotating

flat mirror. This mirror causes the system to scan in a plane perpen-

dicular to the longitudinal axis of the aircraft. A radiation detector

in the focal plane of the telescope converts the focused beam of radia-

tioi, to an electrical signal. The optical system's field of view

(ground resolution element) first scans laterally across the aircraft

ground track through an opening in the bottom of the aircraft. Then

before making the next ground scan, it scans radiation references

The ERIM Airborne Multispectral Data Collection is described in the
ERIM 190901-1-F report prepared by Philip G. Hasell, Jr. under Contract

,• NAS9-9304. The multispectral scanner is described here in order to
familiarize the reader with the multispectral scanner system used to
collect the data.
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(not shown) which ar,± internal to the scanner. By the time the next

scan begins, the aircraft has moved forward; thus subsequent line scans

build upon one another to produce a continuous strip image of the ter-

rain beneath the aircraft. Figure A.l shows the scanner lookh.ig di-

rectly downward. It is positioned in some flights to obtain similar

data while looking below the horizon by 35 degrees.

The multispectral scanner evolved from this single-channel scanner

concept. This evolution required replacement of the single detector

* element with a system of beamsplitters, dispersing optics, and spectral

filters. Figure A.2 shows the optical configuration of the current M-7

multispectral scanner. A key feature in this design is its flexibility

for accepting different radiation reference sources and new detector

assemblies. Weight and space savings were sacrificed to provide this

flexibility, which allows increased opportunities for adaptation to a

¶• diverse number of data gathering modes. Such flexibility is an impor-

tant attribute for a general-purpose experiment system.

The radiation intercepted by the five-inch diameter-collecLiag

aperture is directed into the Dal!-Kirkham telescope, which has a

three-inch diameter secondary mirror. Tae incoming radiation prevented

from entering the telescope by this secondary mirror is directed upward

by a folding mirror to Detector Position 1. This three-inch diameter

collecting aperture operates over the broad band of 0.3 to 14.0 pm.

To provide thermal data at this position, a focusing lens designed

for the 8.0-14.0 pm band is used in combination with a cooled HgCdTe

detector. A dichroic mirror mounted -'head of this lens diverts ultra-

violet and visible radiaLion onto a photomultiplier detector which is

filtered so the energy it receives for recording is restricted toa nar-

row preselected band.
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The radiation collected by the effective four-inch aperture of the

Dall-Kirkham telescope is folded into a dichoric mirror which reflects

radiation below 1.0 pm but transmits that of longer wavelengths. The

radiation thus transmitted is focused onto three separately filtered

indium arsenide detector elements in Position 2 by a lens achromatized

for the 1.0 to 2.6 pm region. This diclroic and lens can be readily

changed for different detector configurations.

RadiaLion at wavelengths shorter than 1.0 pm is focused onto the

entrance slit of a prism spectrometer at Detector Pobition 3. The

spectrometer divides and directs visible and near-infared radiation
through a fiber-optic image slicer to as many as 12 photomultiplier

tubes. (In the current configuration the radiation goes to nine separ-

I ate photomultipliers.)

The radiaticn reference sources are positioned in line with the scan

mirror, so that each source is "seen" and registered sequentially once

each scan line. Currently, five reference sources are being used: an

NBS lamp packaged to simulate a point source; one ambient and two

temperature-controlled graybody thermal references that fill the col-

lecting aperture; and a sky illumination reference consisting of an

opal glass diffusing plate mounted in the top of the aircraft. Through

electronic control of the lamp and graybodies and by means of atten-

uating optical filters for the sky illumination, the radiation from

al1 but the ambient temperature reference sources is under operator

control. During data collection, all internal sources are monitored

and recorded man'tally by the operator. To assure their validity as

references, these sources are calibrated periodically against external

standards in the laboratory.

The complete airborne scanner system is diagrammed in Figure A.6.

Terrain radiation enters the scanner at the bottom left; radiation

detectors in the scanner assembly register this input along with that

A-S
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of the refurence sources. The electrical signals comprising detector

video outputs are amplified in preamplifiers before being transmitted

to the operator console where the operator monitors them and adjusts

amplifier gain to the proper level for tape recordLng. To confirm

satisfactory recording, he is also able to monitor signals reproduced

from the tape record. The system linearly transforms input radiation

to voltage analogs which are recorded on the magnetic tape. The scan-

ner system can generate video signals in up to 19 different spectral

bands over a wavelength range e.ctending from 0.33 to 14.0 um. Any 12

of these bands may be digitally tape recorded at any one time on a

14-track tape machine; the other two tape recorder tracks are used

for housekeeping purposes.
A

Figures A.3 through A.5 show the actual relative spectral response

of the deLectoi/filter combinations, as measured by the supplier, that

have been used in collecting the data described in this handbook. I

The airborne system (Figure A.6) also includes an array of bore-

sight cameras utilizing various film-filter combinations. These aerial
cameras produce film records often useful in the subsequent analysis

of the scanner data.

Electrical voltage representations of single line scans for the

thermal and non-thermal wavelength bands are shown in Figure A.7.

Note that although the detectors in all positions view, in sequence,

each of the radiation references as well as the terrain Csee "ground

scan"), only the graybody references apply to every wavelength band.

These graybody references (01 and #2 and thermal ambient) se, ve as

temperature calibration sources for the thermal detectors and also

as a dark level source for the shorter-wavelength non-thermal detec-

tors. The remaining sources (lamp and sky) serve as reterences for

A-6
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the non-thermal bands (as shown). For indexing purposes, synchroniza-

tior, references are generated by the scanner and recorded with the video

signals. The marker pulse refers to the scan position relative to the

internally mounted radiation references; the roll-stabilized pulse

refers to ground scan nadir with airctaft roll motion removed.

Table A.l lists significant parameters of the M-7 scanner system.

The scanner views the terrain during 900 of its scan, providing an

exLernal field of view (FOV) +450 from nadir. A nominal 0.1 0 C NEAT

and a 1% NEAp are achieved.* The system operates at either of two

constant scan speeds -- 60 or 100 scans per second. Electronic band-

width is limited by digital sampling. Table A.2 identifies those

detector assemblies currently in use with the system. Where there

is a choice of detectors, the first-listed unit is the one commonly

used.

The M-5 scanner, shown schematically in Figure A,8, is a double-

ended scanner using a double "axe-blade" scanning mirror to direct

radiation to the two ends. In most respects it is the same as the
M-7 except that the data collected from the two ends of the scanner

are 900 out of phase. Two M-5 scanners in the aircraft were used to -1
collect data. Essentially the same detector assemblies were used with

the M-5 as are used with the M-7 system. One M-5 scanner was used to

collect multispectral data in the visible and near infrared. Calibra-

tion lamps were added in the scanner housing which did not restrict

the field-of-view below the aircraft. Another M-5 scanner was used to

collect thermal data, and "hot" and "cold" graylody thermal references I
were added at the scanner aperture so the thermal IR channels could be -i

calibrated. These thermal plates extended into the field of view of

the scanner below the aircraft so that the video was limited to approxi-

Satzely +200 from nadir.

NEAT = Noise Equivalent change in temperature.

NEAP = Noise Equivalent change in reflection.

A-12
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TABLE A.1 M-7 SCANNER PERFORMANCE CHARACTERISTICS

12 Spectral Bands in UV, Visible and IR Regions
90' External FOV (+450 from nLdir)

2 mrad Maximum Spatial Resolution

CO.1C Nominal Thermal Resolution

1% Nominal Reflectance Resolution

Five Radiation Reference Ports

Five-Inch Diameter Collector Optics

Scan Rate of 60 to 100 scans per second

DC to 90 kHz Electronic Bandwidth

I• Roll-Stabilized Imagery

A-13
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APPENDIX B

DATA PROCESSING AND CALIBRATION

The digital multispectral scanner data selected for terrain back-

grounds statistical analysis are converted to high-density digital

tapes. The general preprocessing procedure used to create calibrated

data tapes is discussed in Section B.l with a detailed discussion of

the procedures used for each scene being presented in Section B.2.

The corrections for overlap and unequal fields of view are described

in Section B.3

B.1 PREPROCESSING OF SCANNER DATA
I

"Each data value is recorded as an eight-bit integer ranging in

value from 0 to 255. Each channel (wavelength band) is recorded on

a separate tape channel and the amplifier gains adjusted so that all

data values usually fall in the 0-255 range with saturation occurring

occasionally. The scan lines for a single M-7 scanner channel or

Sreflective IR M-5 scanner channel consist of 790 data points of which

the first 646 are scene elements (pixels) covering the range -45' to

+450 with respect to nadir whi?e the remaining 144 points are calibra-
I Al

Stion values, 24 data points for each of six calculation sources. For

the thermal M-5 scanner channels, the scanner elements cover pixels

S162 to 484 with pixels 1-161 and 485-646 being used for the graybody

thermal sources.

Before the scanner data may be used to generate scene statistics

some preprocessing is required;

"1. The high-density digital tapes must be converted to computer-

compatible tapes.

2. Each channel must be calibrated in temperature or radiance

using the calibration data at the end of each scan line.

B -1
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3. Averaging was employed to reduce oversampling and to equalize

aly differences in the fields of view of the various detectors.

4. A set of calibrated, formatted tapes must be generated.

The first of these processes, conversion of high-density tapes

to computer-compatible tapes, is accomplished using the conversion

* facilities at ERIM's Earth Resources Data Center. The result of this

conversion process is a low-density (800 or 1600 bpi) tape for each

of the scenes desired. Using these tapes, the remainder of the pre-

processing (2, 3, and 4) is performed using a computer code written

for the University of Michigan's AMDAHL computer system. It is the

set of calibrated tapes generated from this code that is used for all

9 image processing.

i The data values appearing on the calibrated tapes are themselves

integers, ranging from 0 to 255, but these integers bave been modified

so that a linear relationship exists between them and the apparent

scene radiance or temperature. The lata in the near-IR channels are
2converted to equivalent radiance .'n pW/cm *sr-pm). The equivalent

radiance is the value of the spectral radiance at the center wave-

length of the filter produced by a 2850 K UBS lamp source filling the

sensor aperture and giving the same detector response. The data in

the thermal IR channels are converted to apparent temperature in degrees

Kelvin. The apparent temperature is the temperature of a blackbody

filling the sensor aperture producing the same detector response. A

table of apparent temperatures and their corresponding band radiances

is included as Table B.l in Section B.2. The radiance (or tempera-

ture) is recovered from the integer data values using multiplicative

and additive factors recorded in the tape header record for each

h. channel. These "mult" and "add" factors are determined from the

B-2



calibration sources appearing at the end of each scan line assuming

a linear relationship between radiance and detector output (see

Section B.2). For channels calibrated in radiance, the integer

-values on the calibrated tape differ from those on the original

computer-compatible tapes by at most a zero-level currection. For

channels calibrated in temperature, however, the new integers are

distinctly different from the original valu'es since those on the

calibrated tape are linear in temperature while those on the origi-

nal tape are proportional to radiance.

Averaging is employed to reduce oversampling and to equalize

differences in the fields of view of the various detectors. The

degree of oversampling is generally largest in the along-track

direct-ion because of the €Ytant (60/sec) scan rate. The degree

Sof oversampling in the cross-track direction is small in almost all
5of the data because a 3.8 x 10 /sec sampling rate is used to produce

a sample as large as 2.5 mr to correspond to the 2.5 mr cross-track

field of view of most of the detectors. The technique that has been

used for averaging lines to reduce oversampling, rather than dropping

an appropriate number of alternate lines, was developed for two

reasons: (1) to improve the signal-to-noise ratio in the resulting

data, and (2) to equalize any differences in the along-track fields

of view of the various detecLors for calculating the spectral corre-

lation coefficients. The same averaging technique can be used to

reduce any overlap in the cross-track direction and to equalize any

differences in the cross-track fields of view of the various detec-

tors, but cross-track averaging was not found to be necessary in

any of the data. Figure B.1 is a schematic representation of the

"procedure used (Section B.3). In this example, D is the largest

along-track field of view of the channels and d the field of view

B-3
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of the channel being averaged. The averaging is done by summing the

Sradiances of the scan line times their overlap with the desired out-

put line and dividing by the sum of the overlap factors. If the

=scan lines for the largest field of view are themselves overlapped,

non-overlapped fields of view are generated by taking as output lines

those with fields of view D, each of which is displaced by D as in

the riht side of Figure B.l. Overlap factors are then determined

in an identical manner between the original scan lines with field

of view D and this set of non-overlapped output lines.

After calibration and field of view averaging, a new data tape

is generated. To be compatible with existing data processing sys-

tems, this tape is written in ERIM-7094 format which consists of

36-bit words each of which contain four data valhc The individual

scan lines are written with the channels interleaved with 646 nine-bit I
data points per channel per scan line. The "mult" and "add" factors

required for calibration of the data are written in the tape header

record along with necessary format information. These tapt-s are then

usad directly as input to new or existing statistics generation pro-

grams.

iI

B.2 CALIBRATION OF SCANNER DATA

As discussed in Section B.1, output from the ERIM scanners is in

the form of digital tapes in which the data values are represented by

integers ranging in value from 0 to 255. At the end of each scan line

a set of calibration sources is scanned and the integers observed fox

these sources are used to calibrate the data in apparent radiance or

temperature. The resulting calibrated tape also represents the data

as integers but these integers are adjusted so that they are linear

in radiance or temperature and a set of multiplicative and additive

, =:factors are used to convert these integer values to the appropriate

units.

B-5
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The calibration sources scanned once per scan line are: controllable

temperature "hot" and "cold" plates; an ambient temperature plate; a

visible-near-IR lamp; an ultraviolet lamp; and a sun sensor. The visible-

reflective IR channels (approximately 0.4 pm to 3.0 pm) are generally

calibrated in radiance using the visible-near-IR lamp as a radiance

standard and the "ambient" plate a- a dark level reference. If a linear

telationshJp is assumed between radiance and detector output, the apparent

radiance of the target (the radiance observed at tile scanner aperture) is

given by

L= ( - LA) + LA (B-l)LT V VA "A)£

wh -re

V = The integer value observed for the target
T

VA The integer value observed for the ambient plate

V, The integer value observed for the lampI

L = The radiance of the -amp at the center of the bandpass
of tie channel to be calibrated

I.A = The ambient raoiance at the center of the bandpass of
ithe channel to be calibrated

;ind 1, is the apparent radiance of the target which is related to the

aa

actual Largct: rndfance LTas

L L + 1.1 (B-2)

where is transmission of the intervening path and l¼p the radiance

Ot thii ; jpath.
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The lamp radiance L in Equation B-i is obtained from a calibration

of the visible-near-IR lamp using an NBS stanaard lamp while the ambient

radiance L is taken as the radiance of the ambient temperature plate

with emissivity LA given by

L C BB BB I 3
A ALA (leA)LA

where the first term is the radiance emitted from the plate and the

second term the surrounding radiance reflected from this plate. Since

the ambient temperature plate and its surroundings are at the same

temperature, this equation simply gives L equal to L or the radiance

of a blackbody at ambient temperature.

F, Equation B-i is then written in termas of a "mult" and an "add"

"e factor as

L a =VT . MULT + ADD (B-4)

where

MULT = W

ADD = L A WV

and

S= (l BB- LA )/(V, -VA) (B-5)

The computer progin, used for callbratim, initially averages the

integer values (bin values) of the calibration sources fcr all scan lines

in the image and outputs a mean and a Atadard deviaLion for them. If

the standard deviations are 1mall. compared to the mean values the program

* allows fot an "average" calibration in which the mean bin values of V1

11(1d VA are used In Equations B-4 and B-5. In this case the integer

data values on the calibrat.ed tape are the same as those in the original

h -

B-7
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tape; only "miult" and "add" faetors- are eval~uattid by tilt calibration

proc edure. llowt-ve r, if the s tandard devi at Ions are, not suiai I compared A
to clth e ans, induicti~ng a dri ft in the systLem, a "line-by-line'' call-

br~t ion is YLT(UIl red. For this type of calibiratlon values of V. and V A_

arc LakCL1 from11 the0 Calibrat.ion sources at tAivt end of1 eac h scan line and -

these values used to dotutrmi~no ''nuil t' and "'add'' fact 'rs. rom Equa tion

11-5. 'lhest I actors are thenl useWd to 11od it y thet in~teger jat a valIues Of

Sgivelj SCanl li nc so that. Only on, ''mait '' and, "'add'" factor i~s riequi rt-C

for the to" L Iimage. TVe single ''mu It ' and "'add'" factorts used are those

d~tel' in CI 1e1'0V 11 t.lie meanli Vý. V valIues ndthe mt-di tied intLeger dat a
Q'A

valtit Is t akei as,

, ,I V MITl~ + AlD)D Ali;D

'wliert the av~erage I actors are, MILT. and ADDU, those do term mold JOY VaCh

li1ne. are DMULli anid ADDi, and V is thet linotif iod Integer datia Value.

Th'le long wavelengt ii 1K vvtlianvie (X 3.0 1111) are-L cal ibrat ed in

temilperat~ure aid requ ire a somewhat more involved cal ibrat ion proeeutloiie.

sitict tilt dot ect or outliput Is propiortitonal to radioncv andt not t omperat~ure,

the, I rst step In thle Vrmmwsi Its to re tato bin valuec (integer datan valtie)

ýo rad laucet , as inl thle ret I ctLive ]I? lrichnels, usinug the ''cold'' plate

a~ i dark l eve~l retew ence , thle ''hot''1 1ilat- as a rad lance standard , and

tlte I'tll ''t ' pl ate to correct. t or amh tent radi at ion levels. IfI a

It .uar re lat tonsi' ip Is :igai a assumled bevwLtwee dot.--C t(l or otl'Ut and r-adIl t'ac

he appa ret i tariget radlIatice Is gi von by an vqva tlIon I dent ical to (B-1)

except t hia tile amlbient rad iatice (1, A) ýntl hltn valuec (V I. ) are, rep 1acud

lly ul'oSV I or t ill'' "Cold 0tIr' p1 Ct .V) 11nd the 11111 amp rdiAnce (1, ) and bill

v~.I ie(\ )are rep 1aved b~y tlo-ie for tilte ''hot'' 'l a; e it N,1

2IL

L
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T 'C + V vJ it I,

In tlt,, Is s 2 bowever tile "hot"' plate radi anze is givenl by

L11 HHi 'A

1111B

hblackbody at. tile' same t empteratlure_ 118 tile. "110 pilv Mid" 1'A ie

amibivint li1llwkbody raidiance. Simi larl, thle "'cold"' plate rad iane' I.-

ý,;Ivve by

., 1 11 + (0 - I, 1 (11-9)
c CC (1c A

1 n hothi (A LhIist. express iom; tilt firsLtvi-rm is tile rid tiasure 01iii i'd byv

- tile plaste While tilet seconid termi Is the ambiv.ten rztdianice felected by the

P1lateC.

Subst. t ut.ion of E~quaitions 11-8 and hi-9 *ltO (B1-7) and tak.! ug tile

platc. ent ss lvitlIes equlal gives

131 lil (d o- i v V(11 ](-0)

G111It1C.11 C

I1A won 1 d have to be cal ciii t i'd t roln ambienit temperatiure "i'leSAuremen tS.

TIhils may lit avolded !,y arnlin mssiun [ng 1 1inearit y tit the detec't ors and

tak Ing

dS 10 1 1 II FI 11.1 tI kill It-. stillsi ituit Ing ."11oiit tolls. '1-8 and V-9 into thisii

v x 1 1 n c is toil I t I s 1 (111111ti lilt luiaily (it t lit, I e Y'IiiS callict I JIKlI thei 11111 1 tntt

11-9
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radiance is given by

BB BB 7-t B_ BB\
LA + VC i> L C (B-12)

where all radiances are now blackbody radiances evaluated at the plate

temperatures. Making a finai substitution of Equation B-12 into

Equation B-iO and rearranging terms gives

a BB
,, T L C + W [(I - A - C + eWVT (1B-13)

where

- , (B-14)

Equation B-13 then relates the data bin values (VT) to radiance and a -j

second transformation is required to convert these values to temperature.

The computations required to convert radiance to temperature have

been minimized by noting that the radiance values are bounded; the mini-

mum value being given by V1 = 0 and the maximum by VT = 255. Using this

fact, a table of temperature versus radiance is constructed, as shown in

Table B.I, by integrating the Planck function over the bandpass of the

channel to be calibrated choosing a range of temperatures sufficient to I
cover the entire radiance range. The temnperature increments in this

table are taken small enough ('vl0C) so that interpolation may be used

to form an array of temperature versus data bin value T(V ) for all
T -

possible bin values. It is this artay which is then used to directly

convert the uncalibrated data values to temperature.

h Unlike the radiance data, the integer values appearing in the

ccal ibrated images for the thermal chinunels are never the same as those

of the original image since the calibrated values are now proportional

to temperature not radiance. Thlit riev set of integer data valuer is

scaled irom 0 to 255 using

""A -(1
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2TABLE B.la RADIANCE FROM 3.0 - 4.2 MICRONS IN MICROWATTS/(cm sr)

SRadiance Apparent Temperature OK

0. 65034E+01 259
0.72623E+01 261
0. 80966E+01 263
0.90126E+01 265
0. 10017E+02 267
(0.111161-"+02 269

0. 12318E+02 271
0. 13629E-LO2 273
0.]5060E+02 275
0. 16617E+02 277
0. ]8g310E+02 279
0. 20150E+02 281
0.22145E+02 283
0.243071+02 285
0.26647P+02 287
"0. 29176E+02 289

S -0.31908F+02 291
(0.348541+02 293
0. 38028E+02 295
0.41/, 4 54+02 297
0. 451191+02 299
0.49065E+02 301
0,53300E+02 303
0.57840E+02 305
0.62703E+02 307
0.6 79061+02 309
0. 73409E+02 31.1
0. 7941.0E+)02 3

v 0. 35751E+02 5
0. 925121+02 317
0.997151+02 319
0. 107 38E-i-03 321
0.31554E+03 323
0.1 2421E+03 325
01.133411,+03 327
0. 143181,+303
0.15353E+03 331

IA

4
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TABLE B.ib RADIANCE FROM 3.5 - 3.9 MICRONS IN M1CPOWATTS/cm sr)

Radiance Apparent Temperature K.

0. 21479E+01 259
0. 24074E+01 261
0. 26937E+01 263
0. 30089E+01 265
0.33555E+01 267
0. 37360E+01 269
0. 41531E+01 271
0.46096E+01 273
0. 51087E+01 275
0. 56534E+01 277
0.62472E+01 279
0. 68935E+01. 281.
0.75963E+01 283

'p 0.83594E+0l 285

0.91869E+0l 287 9
0. 10083E+02 289
0. 11053E402 291
0 12101E+02 293
0. 13232E4+02 295
0. 14452E+02 297
O.15765E+02 299
0.17178E+02 301
0.18697E+02 303
0.20327E+02 305
0.22076E+02 307
0.23950E+02 309
0.25955E+02 311
0.28100E+02 313
0.30392E+02 315
0.32838E+02 317
0.35448E.+02 319
0.38228E+02 321
0,41187E+02 323
0.44336F+02 325
0.47682F+02 327

l0.51236E402 329
0.55007E+02 331

.A=

= B-]1.2
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TABLE B.lc RADIANCE FROM 4.5 - 5.5 MICRONS IN MICROWATTS/(cn sr)

Radiance Apparent Temperature 0 K

1.1129E+02 275
1.1553E+02 276
1.1989E+02 277

1.2439E+02 278
].2903E+02 279
1.3380E+02 280
1.3872E+02 28J.
1.4378E+02 282
1. 4898E+02 283
1.5434F+02 284
1.5985E+02 285
1.6552E+02 286
1.7135E+02 287
1.77348+02 288
1.8349E+02 289

- 1.8982E+02 290
1.9632E+02 291-
2.0300E+02 292
2.0985F+02 293
2.1689E+02 294
2.2412E802 295

a2.3154E+02 296
t 2.3915E+02 297

2.46968+02 298

2.5496E+02 299
2.6318E+02 300
2.7160E+02 301
2.8023E+02 302
2.8908E+02 303
2.9815E+02 304
3.0744E+02 305
3.1696E+02 306
3. 2671E+-u2 307
3.3670E+02 308
3.4692E+02 309
3.5739E+02 310
3.6819E+02 311
3.7906E+02 312

I. 3.9028E+02 313

B-] 3

it
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TABLE B.lc (Continued)

Radiance Apparett Temperature *K

4.0175E+02 314

4.1349E+02 315

4.2549E402 316

4.3777E+02 317

4.5032E+02 318

4.6315E+02 319

4.7626E+02 320

4.8966E+02 321

5.0335E+02 322

5.1733E+02 323

5.3162E+02 324

5.4621E+02 325

B-1-

B-i
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TABLE B.ld RADIANCE FROM 8.0 - 13.5 MICRONS IN MICROWATTS/(cm . sr)

Radiance Apprent Temperature 'K

3.3578E+03 
275

3.4194E+03 
276

3.04816E+03 
277

3.5445E+03 
278

3.6081E+03 
279

3.6725E+03 
280

*. 3.7375E+03 281

3.8033E+03 
282

3.8697E+03 
283

3.9369E+03 
284

4.0048E+03 
285

4.0734E+03 
286

* 4.1428E+03 287

4.2128E+03 
288

4.2836E+03 
289

4.3551E+03 
290

4.4274E+03 
291

4.5003E+03 
292

4.5740E+03 
293

4. 6484E+03 
294

4.7236E+0` 
295

4.7995E+03 
296

4.8761E+03 
297

4.9534F+03 
298

5.03158+03 
299

5.1103E+03 
300

5.1899E+03 
301

5.2702E+03 
302

5.3512E+03 
303

5. 4330E+03 
304

5. 5155E+03 
305

5.5987E+03 
306

5.6827E+03 
307

5.7675E+03 
308

5.8529E+03 
309

5.9391-+03 
310

6.02618-+-03 
311

6.1138E+03 
312

6.2023E+03 
313

B-15
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TABLE B.ld (Continued)

Radiance Apparent Temperature OK

6.2915E+03 314

6. 3814E+03 315

6.4721E+03 316

6. 5636E+03 317

6.6557E+03 318

6. 7487E+03 319

6. 8424E+03 320

6.9368E+03 321

7. 0320E+03 322

7. 1279E+03 323

7,2246E+03 324

7. 3220Ei-03 325

I.

B- 16
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TABLE B, le RADIANCE FROM 8.0 - 3.4.0 MICRONS IN MiCROWATTS/ (m • sr)

Radiance Ternerature 'K

0.30190E+04 2b5
0. 30773E+04 266
0.31362E+04 267

0. 31959E+04 268

0. 32562L+04 269
0. 33173E+04 270

0.33792E+04 271
0. 34417E+04 272

0. 350-9E-t-04 273

0. 356898+04 274 A
0.36336E+04 275
0. 36990E+04 276

0. 376521+04 277

I, 0.38321E+04 278

0. 389971+04 279

.,( - 4.39681F+04 280
0.40312E+04 281
0.41070E+04 282

0.41776E+04 283
0. 42490E+04 284

0.43210E+04 285
0.43938E+04 286

0.44674E+04 287

0.454 178+04 288

0.46168E+04 289
0.469261+04 290
0.47691 8+04 291

0. 484658+04 292-
0. 492 -4-,ý+04 293
0. 500341".+0 294

S0.50829E+04 293

() 516338+04 296

C0. 524448+04 297
0.53263E+04 298

0.54089E+04 299
S0.5492318,+04 300

0.55764±+04 301

0. 5661 38t,+04 302

0.574708+04 303

B-17
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TABLE B.le (Continued)

Radiance Apparent Temperature OK

0.58334E+04 304

0.59206E+04 305
0.60086E+04 306
0.60974E+04 307
0.61869E+04 308
0.62772E+04 309

0.63682E+04 310
0.64600E+04 311
0.65526E+04 312

0.66460E+04 313

0.67401E+04 314
0.68350E+04 315

0.69306E+04 316 1
0.70271E+04 317
0.71243E,+04 318
0.72223E+04 319
0.73210E+04 320

BII

B-11
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TABLE B. Af RADIANCE FROM 9.0 - 11.4 MICRONS IN MICROWATTS/(cm•' s1)

Radiance Apparent Temperarure 'K

0. 14113EH+6 271
0. 14388E+04 272
0. 146671+04 273
0. 14949E-+04 274
0. 15234E-r04 275

0. 15522,+04 276
" 0. 15815F- 04 277

0. 16.1 0E+04 278

0. 16409E+04 279
0. 1671]E+04 280
0. 17017F+04 281

S0. 1 7326E4-04 282

0. 17638E+04 283
0 C. 17954E+04 284

0.18273E-104 2A85

0. 18596E+04 286

0. 18922E+04 287
0. 19252E+04 288

0.19585F+04 289
0. 19922E+04 290
0 202622+04 291

0. 20606E+04 292

0. 20953E1+04 293

0. 21 304E+O": 294
0. 21 6 5 8 E40/ 295

0.22016E+04 296
0. 22377F4+04 291

0. 22742E+04 298
0. 23110E+04 299

0. 234821+04 300

0. 238572+04 '101
0. 24236E+04 302
0. 24618F+04 303

0. 250042+04 3()4

0. 253931404 305
0. 25786P+04 306

0. 26183E+04 307

0. 265831--04 308

0. 26987E+04 309

0. 2 7 394E+04 310
0. 27804T,+04 311

SB8-19
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TABLE B.If (Continued)

Radiance Apparent Temperature OK

0. 28219E+04 312
0. 28637E+04 313
0.29058E+04 314
0. 29483E+04 315

0. 29912E+04 3116

0. 30344E+04 317
0. 30779E+04 318
0.31219E+04 31.9 y
0. 31661E+04 320
0.32108E+04 321
0. 325581+04 322
0. 33011E+04 323

"0.33468E+04 324
0. 33929E+04 325
0. 0 34393E-04 326 2.

0. 34861E+04 327

0. 35332E+04 328
0. 35807E+04 329
0. 36286E+04 330

1.32

B- 20
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TABLE B.ig •ADIANCE FROM 9.3 - 11.7 MICRONS IN MICROWATTS/(cm2  sr)

Ra(diantce Apparent Temperature _K 'K

1. 5292E+03 275
I . 5574E+03 976
1. 5859F403 277

1. 6147E+03 278

1.6438E,+03 279

1. 6733E+03 280
1. 7030E+03 281

3 .7331E+03 282
1. 7635E+03 283
1. 7942E+03 284

1. 8253E+03 285
1. 8566E+03 286

] .8883E+03 287

1. 92031,+03 288

1. 9526E1+03 289
1.9853E+03 290
2.0182Ei03 291

2. 0515E+03 292
2. 0852E+03 293

2. ]19]E+03 294
2. 1534EP+03 295

2. 1879E+03 296

2. 2229E+03 297
2. 2581E+03 298

2. 2937E+03 299
2. 3296E+03 300
2. 3658E403 301

2. 4023E+03 302
2. 4392E+03 303
2. 4764E+03 304

2..5139E+03 305
2. 5517E+03 306
2. 5899E+03 307

2. 6284E+03 308

2. 6672E+03 309
2. 7064E4,03 3] 0

2. 7459E+03 3] 1

2. 7857E+03 312
2. 8258E1+03 313

B-21
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TABLE B.lg (Continued)

Radiance ApparLLent Te'ealr K

2. 8663E+03-' 3114

2. 9070R+01 315

2. 9482F+03 316

2. 9896E+03 317

3. 031.4E+03 318

3. 0734E+03 319

3.1159E+03) 326

3. 1586E+03 321

3. 2017E+03 322

3. 2450E+03 323

3. 2888E±03 324

3. 3328E+03 325

B-Z22
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ST(VT) - r7(0)(255) T T(O) 255 (B-15)

whe-:e T is the temperature versus bin value array with T(VT) equal to

the temperature corresponding to bin value V . The "mult" and "add"

factors for une thermal channels are then taken as

T(255) - T(0)
MLULT = 25• ~255

~(B-lb)

ADD = T(O)

The calibration program allows for "average" or "linc-5y-line"

¾ • calibration of the thermal channels as it did for the reflective IR

channels. Because of the amount of computation required to set up the

temperature versus bin value array, only one such array is generated

using the scene average values of VC, VA, and V1 in Equation B-13. If

an "average" calibration is used this array directly relates data bin

values (VT) to temperature and Equation B-15 is used dir :tly. However,

if a "line-by-line" calibration is required tha data bin values must be

modified so that B-13, using scene average values of VC, V and V
C'A' H9

gives the correct radiance. The modification of the data bin values

* is done in the same way as for the reflective IR channels using Equation

1B-6. In this case, the "mult" fact.ors are given by eW or eW and the
"add" factors by the first two terms of Equation 4-13 or

BR3ADD =LC + W [(1-c) V -Vc
A C

_ L - ( -W) -( v

CD 1 ~ A C

S- To avoid round-off crrors the values (e (rmined from b-6 are not rounded

to the nearest integer but taken as floating point Lmbers and interpola-

- tion in the T(V, ) array is used to determine the temperature. This

temperature is then used in place of T(V.) in Eqation B-15 to evaluate

the calibrated intcy•r value.

" -23



In a typical data set both thermal and reflective IR channels are

present so that both of the above procedures are used in generating a

calibrated image tape.

B.3 CORRECTIONS FOR OVERLAP AND UNEQUAL FIELDS OF VIEW

Since the detectors used in the various channels (wavelength regions)

vary in size and consequently in instantaneous field of view, direct com-

parisons of the channels is not possible unless the fields of view are

normalized in some fashion. A second, although lies critical, problem

is that depending on the aircraft altitude, scani lines and/or pixels

Lay be highly overlapped resulting in oversampling of the scene. Both

of these problems were corrected at the time the data was calibrated by

averaging the scan lines (apd/or pixels) of the smaller field-of-view

channels and generating an equivalent scan line (and/or pixel) with a
40
- field of view equal to the largest field of view. This piocedure must

be carried out separately for scan lines and pixels within a scan line

since the fields of view and the data taking rates art different in these

two dimensions. In the following discussion only scan line averaging will

be discussed since pixel averaging is completely analogous.

As outlined in Section B.1, the averaging procedure consists of

setting up a set of contiguous output lines with a field of view equal

to the largest field of view (D) and then combining the smaller field-

of-view Md) scan liLes to generate equivalent lines with fields of view

D. As shown in Figure B.l, the combinidg of scan lines is accomplished

using a weighted average given by

7:F V
£ k,9V 9.

Vk= F (B-17)
k, k,

where Vk is the ktl 4pQ Imine data value for a given pixel, V9 the
kth input line data value for the same pixel, and Fk,9 the overlap be-

tween input line P and output line k. Since the overlap will be non-

zero only for a s-mall number of lines about the output line, F needr k, 9.
only be calcula ed for a few values of Z. A general expression for the

S1..B-24

-i-:
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overlap is determined by considering the displacements of the scan lines

from the beginning of the scene. The displacement to the bottom of input

scan line 9, is given by

S(• i) • +(D + d)
(Z 1) V 'r+ (B-18)

"where v is the aircraft ground velocity and T the scan period. The 4
a

second term in this equation is included since the smaller field of view

(d) is concentric with D in scan lit:' I and consequently has an initial
1..

displacement (to the bottom of the scan line) given by

S(D - d) (D + d) (B-19)
2 2

•, As shown in Figure B.2, the overlap between input line £ and output line

k is then given by

y= (t - l)v T + +d) (k - I)D (B-20)
a 2

so that the percent overlap (y/d) or overlap factor F is
k,9,

F I -• F = - (k - 1)D -(Z- 1) v (B-21)
kZ 2 L1 dj] a

with the constraints

F -1 iif F > 1

Fk,t , 0 it Fk,9, <-

The absolute value appears in thi. equation tu account for cases where

the bottom of the input line has a grcater displacei,.ent than that of the

I - ,output line. It may be seen that the relai ionsaip betieen k a,-:nd R is

(k 1) Intuger Value of t- 1)--] (B-22)
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These overlap factors are then used in Equation B-I/ to generate

the equivalent output lines. Since in genera] the scan lines for the

largest field-of-view channel arc themselves overlapped, this procedure

is used to average these lines as well so t-hat a conti~guous3 set of out-

put lines is obtained in all channels, In this case, the same equations

are used but d is equal to D.

7,7

Ik
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GLOSSARY

* 1-HUM1 or HUMEl - Overall Port Hueneme, CA Scene

11JUM2 or HU ME2 - Specific region of Port Hueneme, CA area
exhibiting sun glint on water

IFOV - Instantaneous Field of View

NEVB '
NEVF
NEVG1 or NVG1NEVG or Mountainous Terrain Scene from Nellis AFB, NV
NEW I

. ,NEVM
NEVN

4' .

NEVC or NEVCl
NEVHIl nr NVHl Desert Terrain Scene from Nellis AFB, NV
NEVL

I ;
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