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Abstract

A validation and sensitivity study was performed in which the accuracy of an

infrared synthetic image generation model (DIRSIG) was examined. The majority of the

error in the model is derived from two major programs: a temperature predictor and a

radiative transfer model. A thermodynamic model computes kinetic temperatures of

objects in a computer generated three-dimensional scene. These temperatures,

atmospheric data, and sensor parameters are used as input to a ray_tracer which models

the propagation of radiation in a source-target-sensor path within this scene. The output

is a simulated infrared image which a sensor with the given input parameters would

record. The accuracy of the model and the impact of uncertainties in individual input

variables were determined by error propagation methods and comparison of the simulated

imagery with actual imagery. The average theoretical error in radiance reaching the

sensor was determined to be 1.58W/m2-sr, while the measured average error in radiance

for an actual predicted scene was determined to be 2.98W/m2-sr (13.99%). Variables

which had the greatest impact on the final predictive error of the model were identified

and ranked accordingly. In addition, problem areas within the model were identified and

suggestions for improvement were made.
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Introduction

Many different areas such as computer animation, flight simulation, and optical

sensor design have a need for synthetic images. Many computer models exist which

simulate real-world scenes. They are commonly referred to as Synthetic Image

Generation (SIG) models. These models can be used for a variety of applications such as

training, mission planning and sensor evaluation. The advantages of these models

include cost savings in research and development and more accurate performance

expectations for various scenarios.

Many windows (bands) in the electromagnetic spectrum are modeled by SIG

processes. One important band for airborne imaging and flight simulation is the long

wave infrared (LWTR) region between the wavelengths 8 to 14 microns. Within this

bandpass, which is also known as thermal infrared (T1R), the signal (radiance) received

by a sensor is dominated by thermal properties such as the kinetic temperatures and

emissivities of objects within the scene. LWIR imagery is used in applications such as

night imaging to provide information not available in images taken in the visible portion

of the spectrum. The thermal signal measured by a sensor can also be used to assess the

type and condition of the object emitting the signal. These specific set of signals for a

given object is called the thermal signature (Lillesand, 1987).

One application of SIG models is in providing a means of determining optimum

imaging times and conditions for airborne or spaceborne sensors. Instead of performing

numerous flights to gather images of a specific area which contain the needed

information, a SIG program can produce those images in potentially less time at

substantially reduced cost. These images can then be analyzed to determine the optimal

times to collect the actual imagery. For example, when imaging a desert scene, there are

optimum times when the contrast between the sand and the objects of interest on the sand

is greatest. A SIG model can be used to quickly determine these times. This process can

save the users much time and money by eliminating unnecessary and possibly hazardous

flight missions.

Another application involves testing sensor designs. Before an actual sensor is

built, the design can be simulated on a computer to test for acceptable output image



quality and potential problems with any of the design specifications. The design can be

modified by changing parameters in the computer model, again saving time and money.

In order for the use of SIG models to be practical and worthwhile, the accuracy of

their performance must be known. They can be evaluated against a number of criteria

such as radiometric accuracy, robustness to phenomenological variables, geometric

fidelity, and speed of image generation. Radiometric accuracy of a SIG model is

essential. The user must be certain that the final images produced by the model are valid

representations of actual imagery. Although a number of TTR SIG models have been

produced in recent years, very little in-depth validation ofmodel accuracy has been

performed. Model sensitivity is also important. The knowledge ofwhich input variables

have the most impact on the system's output is valuable when gathering data to run the

model.

This project involved a validation and sensitivity study of the Digital Imaging and

Remote Sensing Laboratory Image Generation (DIRSIG) model. DIRSIG's produced

imagery were evaluated with respect to actual imagery and its sensitivity due to errors in

the various input parameters was determined. The next section discusses validation

studies performed on other SIG models and details the workings of the DIRSIG model.



Background

2.1) General Literature Review

Many SIG models exist which produce a variety of images for different

applications. However, very little validation of the radiometric accuracy of these models

has been performed. Some of the available literature discusses SIG validation with

respect to how well the synthetic images represent real-world images. The focus of these

projects usually involved automatic target recognition (ATR). ForATR, the goal is to

have the computer segment out and identify objects in a scene for applications such as

military reconnaissance. Object shape and grey level intensity are two parameters which

the computermay use for segmentation and identification. Radiometric accuracy is

important if the computer is to use the object's thermal signature in its decision process.

Other published studies include validation of separate components of SIG models,

includingmodel input parameters or temperature generators. Full scale radiometric

validation and sensitivity testing such as proposed here have not been carried out on an

entire SIG model.

In addition to the lack of validation, many models have classified components or

are corporate confidential. Descriptions of the models and testing procedures are often

very general and therefore difficult to evaluate. A few validation procedures found in the

literature are discussed below, followed by a brief background of the research performed

at RIT leading up to the development ofDIRSIG.

Duncan (1990) discusses obtaining visible and thermal imagery of a scene to be

simulated for ATR applications. The visible image is used as a reference for defining the

boundaries of the objects in the thermal image. Once objects are defined, radiances are

read from the IR imagery and converted to temperatures through Planck's equation (c/.

Eq. 4.1). These temperatures are then assigned to target points in the synthetic model.

The
"quality"

of the resulting simulated image can be tested against the original image,

presumably by passing both through the ATR algorithm and comparing results.

This approach has some valuable aspects. Assigning object temperatures derived

from actual imagery can aid when testing only the radiation propagation portion of a SIG

model. However, this method gives no indication of how object temperatures will be



determined for scenes for which no true imagery is available. For a SIG model to

perform well in the predictive mode (ie. predicting images for which no truth data are

available) a temperature generation model is desirable. This method focuses on the

success of the ATR algorithm in segmenting the synthetic scenes with minor regard to

radiometric accuracy, but on the success of the ATR algorithm in segmenting the

synthetic scenes. This is an acceptable premise for the scope of the ATR model tested.

If, however, the ATR algorithm were to use spectral signatures in its decision process,

the radiometric prediction must be validated. In addition, for other synthetic image

applications such as training and sensor design, radiometric fidelity to actual imagery is

essential.

Another validation of an ATR application is discussed by Lindahl et al. (1990).

They define validation as 'the quantitative measurement and evaluation of the
"quality"

of

the synthetic representation attained with respect to real imagery'. This method involves

defining a norm by which image quality is measured. A norm is a collection of specific

features which characterize the image. The features are chosen based on their relevance

to the ATR algorithm being tested. Possible features include grey level intensity, spatial

and temporal information and object shape and texture. For this method, synthetic

images are generated of scenes forwhich the actual imagery is available. Features are

computed for subregions within both the real and simulated images. The defined norms

for each subregion are then computed and compared. If differences between the norm

values are small enough, the SIG process is considered valid.

Comparison of these norms is an interesting approach to SIG model validation.

This approach provides flexibility in testing differentATR algorithms by allowing

different norms to be defined for different applications. For validating any application,

comparison with actual infrared images can give many insights into the abilities of the

SIG model and illustrate areas which still need work. Again, this method is aimed at

ATR applications and does not specifically concern itselfwith the radiometric fidelity of

the output images. However, this method can be applied to radiometric validation by

simply defining the norm to be the output digital count values in the actual and synthetic

images.

Massie (1991) discussed future plans for validation of the radiometric accuracy of

a SIG model. The approach was to use a radiometrically accurate system of cold and hot

plates along with a plate at room temperature which has resolution test patterns machined

4



into it. Images taken by an IR system looking through the room temperature plate at the

hot and cold plates can be compared to corresponding synthetic images from the SIG

model. This simple set up is a good starting point for testing the model's accuracy and

resolution. Again, comparison of the model's predicted imagery with actual images is a

desirable approach. However, a more thorough test involving comparison with actual

imagery of a complex scene is desirable. A more involved test such as this would better

illustrate the SIG model's capabilities and shortcomings given different scenes and

situations.

An infrared signature model, PRISM, was validated for its temperature

predictions by Sullivan and Reynolds (1988). This thermal model computes facet

temperatures based on heat transfer in the forms of conduction, convection and radiation

for facet to facet and facet to background interactions. Two targets were used for the

validation test. Temperatures of a simple structure composed of four aluminum plates

connected by varying joint materials and insulation were recorded by thermocouples. In

addition, anM2 Bradley IFV was imaged by an infrared system (8-14 Jim) while

thermocouples recorded temperatures of 62 facets on the vehicle. For the four aluminum

plates, temperatures computed by PRISM were directly compared to the measured

temperatures. The temperatures predicted for the M2 Bradley and digital counts from the

thermal images were converted to blackbody equivalent temperatures. These derived

temperatures and the temperatures recorded by the thermocouples were plotted as a

function of time for comparison. The resulting thermal image and thermocouple

temperatures were very similar. The model predictions did not peak as high as the actual

temperatures atmid-day, but were close to the true temperatures at night. This model

does not produce simulated imagery, but does give some insight into testing temperature

generation models within a complete SIG process.

This background research illustrates the need for a complete radiometric

validation and sensitivity testing of a SIG model. A good predictive model should

incorporate radiometric propagation coupled with a temperature generationmodel. The

radiometry model should include all influencing factors such as diurnal weather data,

background effects, and atmospheric modeling. The temperature generator should

provide accurate object temperature predictions without greatly increasing the

computation time of the model. The entire model should be based as much as possible on

first principles physics so that all input parameters can be easily defined and determined

by the user.



The Digital Imaging and Remote Sensing Laboratory Image Generation model,

DIRSIG, incorporates these capabilities with a main focus on radiometric accuracy. The

following sections discuss the background research leading to the development of

DIRSIG and give a complete description of the model.

22) Background Leading to the Development ofDIRSIG

TheDigital Imaging and Remote Sensing (DIRS) laboratory at RIT's Center for

Imaging Science has had a long term interest in absolute radiometric calibration of

thermal IR imagery with special interest in correction for atmospheric effects (cf. Schott

and Schimminger, 1981; Schott and Volchok, 1985; and Byrnes and Schott, 1986). This

interest has led to the development ofmethods and devices formeasurement of normal

and angular emissivity values for varying materials in the thermal IR region. These

bandpass emissivity values along with bandpass atmospheric transmission and upwelled

and downwelled radiance values have been used for estimating the effect of emissivity

variation on imaging sensors (Schott, 1986). At that time, simple 2-D silhouettes with

temperatures assigned to individual segments were used as the synthetic scenes to be

imaged. This work demonstrated the necessity of including emissivity effects in IR SIG

processes. Next, specular reflection of background surfaces and downwelled sky

radiance were included by Schwartz et. al. (1985). All of this work was aimed at using

SIG to help visualize target-to-background signatures as well as to visually evaluate the

effect of improvements on radiometric propagation models.

The next step in DIRS research was to work toward producing realistic looking

scenes. Schott and Salvaggio (1989) incorporated brightness variations within segments

of the synthetic images by taking texture from images of laboratory physical models or

actual thermal imagery. Schott and Salvaggio (1987) also simulated image degradation

due to theMTF of the sensor by using asymmetric 3-D convolution kernels. The ability

to add random and periodic detector noise was also added in the same study. In order to

simulate more complex scenes, a 3-D scene generation capability was desired. Wamick

et. al. (1990) developed a model incorporating CADCAM 3-D wire frame models and a

ray-tracer.

At the same time, validation efforts were taking place in the areas of SIG

modeling, radiation propagation modeling, and material parameter measurements. Schott

et. al. (1990) extended emissivity measurements to encompass the 3-5 |im and 8-14 u.m

bands with greater accuracy. Feng (1990) demonstrated improved measurements of the
6



spectral bidirectional reflectance factors (BDRF) in the visible and shortwave infrared

(SWIR) regions for future extension of SIG modeling into these shorter wavelength

regions. Schott and Salvaggio (1989) studied the surface-leaving radiance portion of the

model, validating the treatment of angular emissivity effects and the background and sky

radiance equations used in the model. The radiometry and ray-tracing models used with

the 3-D wire frames were preliminarily validated by Shor et. al. (1990).

Shor constructed a simple scene comprised of a pool ofwater, a rnirror, and a

wooden pyramid structure, all placed on a concrete surface. Temperatures of the objects

were recorded by thermistors while thermal IR imagery (8-12 ^im) of the scene was

collected. The temperatures were assigned to facets in the computer generated scene.

Radiosonde data from the day the scene was imaged were input to themodel in order to

model the atmosphere and synthetic imagery was generated. The resulting images were

then compared to the actual thermal imagery.

These studies demonstrated the basic integrity of the SIG approach but also

illustrated the need for various improvements. One critical need was for a thermal model

to compute the temperature of each scene element. Spector et. al. (1991) had completed a

SIG study which included initial validation of the temperature generation model Therm.

It was determined thatTherm could be accurate to within 1C (average RMS error) when

given the appropriate target parameters and full environmental data.

A second needed improvement was the inclusion of solar effects formodeling in

the MWIR (3-5 Jim) region. In the LWIR band, solar effects are negligible compared to

the effects of self-emission. In the SWIR (short wave IR) and MWIR regions, solar

reflection and scattering have a large impact on the radiance reaching the sensor and

therefore must be included in the modeling process. Salvaggio et. al. (1991) had

completed a study aimed at generating spectral atmospheric radiation propagation and

energy-matter interaction terms needed for modeling both solar and thermal radiometric

effects associated with horizontal surfaces (SVGM).

Themodel DIRSIG was formed, incorporating Therm and SVGM, for the purpose

of developing an end-to-end image generation capability. The objectives ofDIRSIG

(Raqueiio et. al., 1991) are to:

1.) function in theMWIR and LWIR regions,

7



2.) emphasize radiometry: in terms of dealing with as much radiometric

phenomenology as necessary to achieve as much radiometric accuracy as

is practical,

3.) be capable of dealing with scene elements which would be observed

by high resolution airborne systems,

4.) use first principles physical models as much as possible, and

5.) use simple target and sensormodels in initial versions and emphasize

phenomenology.

This research has provided a model based largely on first principles physics,

aimed at radiometric accuracy and incorporating a temperature generation program. The

design ofDIRSIG allows for output at many different stages of the model so that sources

of error can be easily determined. The next section gives an overview of the function of

each component ofDIRSIG. For a complete technical description of the model, see

Raqueno et. al. (1991).

2.3) DIRSIG Overview

The computer model DIRSIG consists of a number of submodels which perform

specific tasks in the image generation process. These submodels are: scene geometry, a

ray-tracer, the temperature generator Therm, radiometry, and the sensor submodel.

2.3.1) Scene Geometry Submodel

The scene geometry submodel consists of the 3-D geometry of the scene being

modeled and the parameters associated with each facet in this scene. The scene is drawn

with a computer aided drawing package, AutoCAD and custom software allowing the

organization of a scene is shown in Figure 2.1. Each object is composed of parts which

are made up of facets which are the basic building blocks of the system. The entire scene

is tagged with a name, the date, and the latitude and longitude. The actual viewing

conditions for the final image are defined within the sensor submodel. Each facet has

assigned to it three nodes: attribute, geometry, and orientation (cf. Figure 2.2). These

nodes contain information necessary for input to the other submodels.

The geometry node (cf. Figure 2.3) contains the coordinates of the points which

define the plane of the facet, the number of points which define the plane, and the unit

vector which specifies the normal to the facet. This geometry is used by the ray-tracer

submodel in determination of the interaction of a ray with the facet.

8



The orientation node (cf. Figure 2.4) defines the exact orientation of the facet

with respect to the earth and sun. Figure 2.5 illustrates the four angles which are defined.

The azimuth is the number of degrees the facet is facing clockwise from North. The

slope is the tilt of the facet with respect to the normal to the earth. The sensor_facet and

sun_facet angles are defined from the facet normal to the sensor and sun respectively.

The slope and azimuth angles are required by Therm for temperature computation. The

sensor_facet angle is used for determination of angular emissivity of the facet. Finally,

the sun_facet angle determines the amount of solar irradiance the facet receives.

OBJECT | | OBJECT | | OBJECT OBJECT

I PART | | PART I I PART | I PART | | PART j

| FACET | [FACET 1 1 FACET] | FACET | PLACET |

Figure 2.1 Scene Node Structure

Figure 2.2 Nodes of the Scene Geometry Submodel
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The attribute node (cf. Figure 2.6) contains the name and code of the material the

facet is comprised of and the physical parameters associated with that material. Some of

these parameters are contained in a material node within the attribute node. This

material node holds parameters which are common to all facets comprised of the same

material. These parameters are: heat capacity, thermal conductivity, visible and thermal

broadband emissivities, specularity, exposed area, and an array of angular emissivities.

Facet specific parameters are stored in the attribute node outside of the material node.

Thickness, self-generated power, and shape factor are all facet specific parameters. The

Therm submodel uses these parameters for computation of the kinetic temperature of the

facet. The ray-tracer also makes use of the angular emissivity and specularity values for

mapping photon interactions within the scene.

ATTRIBUTES

MATERIAL

NAME

MATERIAL

CODE

THICKNESS

MATERIAL

NODE

SELF-GENERATED

POWER

DEFAULT

TEMPERATURE

MATERIAL NAME

MATERIAL ID

HEAT CAPACITY

THERMAL CONDUCTIVITY

BROAD BAND EMISSIVITIES

SPECULARITY

EXPOSED AREA

ANGULAR EMISSIVITIES

Figure 2.6 Attribute Node of the Scene Geometry Submodel

2.3.2) Ray-Tracer Submodel

The ray-tracer submodel integrates the information gathered from the other

submodels to simulate the overall IR imaging system. Figure 2.7 illustrates the

interaction of the ray-tracer with the other submodels and its resulting outputs.

The ray-tracer's primary function is the retracing of photon paths through the

given optical system which is assumed to be of the pin-hole camera configuration (cf.

Figure 2.8). This technique is similar to the ray-tracing calculations governed by Snell's

Law and trigonometric formulas used in optics. Computer graphics ray-tracing extends

11



these calculations beyond the modeled optical system to include the scene objects being

imaged. The path which each ray travels and its interactions along the way are

determined. Energy losses due to material absorption and atmospheric attenuation and

energy redistribution due to reflection and self-emission are factored into the process . In

this way, the radiance incident on each pixel of the imaging system can be properly

computed by the radiance submodel.

Weather

Database File

Radiometry
Database File

Viewing
Parameters

Sensor

Parameters

Scene Node

Parameters

Material

Datbase File

3D Geometric

Database File

Material

Maps

(1*. 2')

Primary
Radiance

Emissivity/

Angle Map

Ray
Interaction

Map

Figure 2.7 Ray-Tracer Interaction
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Figure 2.8 Pinhole Camera Ray-Tracing Schematic

Figure 2.9 shows the logic flow for the ray-tracer. The calculations begin by

retracing the path a photon would take to reach a particular pixel in the focal plane. This

is known as casting a ray from the sensor pixel. Once it is determined which facet is hit

by the ray, its sun/shadow history is computed. The illumination of the facet (whether it

was in the sun or shade) is determined as a function of time by this process. The result is

stored as an array of l's and O's (cf. Figure 2.10). Because Therm only
'sees'

one facet

and is not aware of surrounding objects which may cause shadowing, this information is

used to modify the input to Therm to increase the accuracy of its temperature

computations. The direct insolation values (direct sunlight) in the weather file input to

Therm are multiplied by the sun/shadow history. The result is a zero solar loading term

(ie. direct insolation) when a facet is in shadow. When the facet is in the sun, the direct

insolation value in the weather file is not changed.
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Figure 2.10 Example of Facet Sun/Shadow History

With sun/shadow history established, this and the material parameters of the facet

are input to Therm which computes the facet temperature. The specularity of the facet is

then checked. Specularity is currently a binary value in the model. A facet can either be

perfectly specular or diffuse. If the facet is diffuse, the pixel radiance is computed by the

radiometry submodel. If the pixel is specular, a secondary ray is cast from the facet

intersection point using simple laws of reflection. This secondary ray is tested in the

same manner as the primary ray to determine if a background facet is hit. If this is the

case, the temperature of the background is factored into the radiance calculations. If no

background facet is hit, the sky is assumed to be the background and the pixel radiance is

computed based on the zenith angle of the ray cast to the sky. Shor (1990) determined

that only two ray bounces are necessary to determine the
final pixel radiance for the

LWIR region. Additional computations of tertiary and quarternary ray-facet intersections

result in insignificant contributions to the final radiance in the longwave regions. No
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study has been performea to determine the rninimum number of intersections necessary

for accurate radiance computations in theMWIR region.

This ray-tracing process results in the output of a number of intermediate image

maps including: material type, primary and secondary facet temperature, sun/shadow

condition, emissivity, ray-interaction type, and angle maps, as illustrated in Figure 2.7.

23.3) Thermal Submodel

The purpose ofTherm is to compute each facet's kinetic temperature which is

dependent upon the material properties of the facet and the environmental conditions

surrounding the facet

Therm is a linear differential temperature generation model written by DCS

Corporation (1990) and validated at RIT (Spector et. al., 1991). Object temperatures are

computed as a function of time based on first principles models which determine the rate

of heat transfer corresponding to a specific temperature difference between an object and

its environment The model assumes that a facet is thermally independent of the other

facets and that each has an isothermal behavior across its entire surface.

Therm has been proven to accurately predict temperatures of real world objects

within respectable error bounds. Figure 2. 1 1 is an example of Therm's predictive

capabilities plotted along with actual object temperatures as a function of time. As its

assumptions imply, the model does not compute the conduction between adjacent facets

and is therefore limited in its accuracy. A more complex model such as a finite element

analysis model would require substantial amounts of computing time which would

greatly increase the run-time ofDIRSIG. Therm does allow for facets with self-generated

power which can, when properly implemented, be used to overcome some of the

limitations of non-conduction between facets. The addition of the sun/shadow history of

each facet by the ray-tracer also greatly improves Therm's prediction capabilities within

DIRSIG.

Beyond the inability to completely model the physical processes governing

temperature generation, the largest source of error within the model is the prediction of

accurate material parameters. Well-defined parameters are essential for accurate

temperature prediction. This requirement is discussed in-depth in the results, Section 5.1.
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These object parameters are stored within the attribute and orientation nodes of the scene

geometry submodel and are listed in Table 2.1.

Weather Parameter Object Parameter

Air Temperature (C) Heat Capacity (L/cm/C)

Air Pressure (mbar) Thermal Conductivity (L*cm/hr/Q

RelativeHumidity (%) Thickness (cm)

Dew Point (C) Visible Emissivity (%)

Wind Speed (m/s) Thermal Emissivity (%)

Direct Insolation (L/hr) Exposed Area (%)

Diffuse Insolation (L/hr) Self-Generated Power (L/hr)

Sky Exposure (%) Slope ()

Cloud Type (0-8) Azimuth ()

Precipitation Type (0/1)

Precipitation Rate (cm/hr)

Precipitation Temperature (C)

NOTE: 1 W/m2 = 0.086 L/hr L = Langley

Table 2.1 Therm Weather and Object Inputs

Environmental parameters including location and meteorological data are also

used as input to Therm. The location parameters include latitude and longitude, date,

time and the time interval between temperature predictions,. The meteorological data (cf.

Table 2.1) include air temperature and pressure, relative humidity, dew point, wind speed,

direct and diffuse insolation (sunlight and skylight), sky exposure (percent of sky

unobscured by clouds), cloud type (cirrus, ciiTostratus, altocumulus, altostratus,

stratocumulus, stratus, or fog), and precipitation type, rate, and temperature. These

values are input as a function of time (usually in fifteen minute increments) over a

twenty-four hour period.

Therm can also estimate these meteorological parameters given the location data

and limited weather information such as sunrise and peak air temperatures, time of peak

air temperature, and average cloud cover and cloud type. Figure 2.1 1 illustrates Therm's

prediction of total insolation (direct + diffuse) versus actual conditions. Therm's final

temperature predictions are more accurate when the complete weather history is given to
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the model. In situations where needed parameters are unknown, eg. missing parameters

or simulations of future dates, the weather prediction abilities ofTherm must be used.

For this project, both methods of temperature prediction (full environmental data and

predicted weather data) were tested to illustrate the model's accuracy for both cases.
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Once the weather history is loaded into Therm, the model begins predicting object

temperatures. At first, no temperatures are known and therefore themodel assigns an

initial value to all objects. It takes several computations for the initial predictions to

come to equilibrium with the actual object temperatures. Therefore, Therm must be run

starting several hours before the desired simulation time, as illustrated in Figure 2.12.

Note in this figure that Therm's predictions are initially inaccurate and after

approximately eight hours the model has come to equilibrium.

2.3.4) Radiometry Submodel

The radiometry submodel determines the radiance leaving each facet and arriving

at the front end of the sensor based on the calculations of the ray-tracer and Therm. The

intervening atmosphere must be modeled to accurately predict the propagation of the

radiation from the facet to the sensor. The Spectral Vector Generation Model (SVGM)

(Salvaggio et. al., 1991) is used for this purpose.

SVGM incorporates two atmospheric modeling routines, LOWTRAN 7 created

by the Air Force Geophysics Laboratory (AFGL) (Kneizys et al., 1988) and SCATRAN

produced by the Eastman Kodak Corporation and the AirWeather Service (MAC). For

the DIRSIG model, LOWTRAN 7 alone is used to compute all of the components

necessary for modeling radiation propagation in a source-target-sensor path in both the

MWTR and LWTR regions.

LOWTRAN 7 starts with a database created from experimental measurements of

atmospheric composition taken on
'typical'

days. For example, a typical data set contains

variables describing altitude, temperature, water vapor density, ozone density, and

vertical profiles for concentrations of the gases: H2O, CO2, O2, O3, N2O, CH4, NO, SO2,

NO2, NH3, and HNO3. Presently, the user is allowed complete control of the atmospheric

profiles in LOWTRAN 7. The model can simulate conditions for any given day when

provided with an upper air weather observation record (radiosonde). If radiosonde data

are not available, the model can use one of its
'typical'

days to simulate the desired

conditions. These stored atmosphere types include mid-latitude summer, maritime, and

sub-arctic conditions.

The upper air atmospheric profiles used for the generation ofmeteorological

conditions along the radiance propagation path are currently
constant as a function of

time. This approximation is adequate for the tropospheric, stratospheric, and upper
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atmospheric layers. However, in the earth's boundary layer, conditions such as

temperature and relative humidity change throughout the day and thus this approximation

is inadequate (Salvaggio et. al., 1991). Hourly data which can be obtained from local

airports ormeasured by the user can be used to make corrections for the boundary layer.

Version 2.1 ofDIRSIG incorporates this improvement.

Once the basic atmosphere is established, fundamental properties of scattering and

absorption are applied to the data to model atmospheric conditions which would have

occurred given user-specified parameters such as temperature, ground visibility, time of

day, and sun-target-sensor geometry. The final outputs of the model are atmospheric

transmission and radiance terms such as upwelled and downwelled radiance as a function

of wavelength.

There are four possible interactions of a ray cast by the ray-tracer, illustrated in

Figure 2.13. The four cases are:

(1) totally diffuse facet

(2) totally specular reflector from which the ray cast from the sensor to facet

bounces to the sky

(3) totally specular reflector from which the ray cast from the sensor to facet

bounces to a non-sky background

(4) the ray cast from the sensor misses the scene and hits the sky.

Computation of the radiance reaching the sensor is different for each case. The

equations for each case are listed on the following page. The components for these

equations are computed by LOWTRAN 7 or are provided by the other submodels. All

are defined in Table 2.2. The origin of each component is listed in Table 2.3. Figure

2.14 illustrates the angles used in these equations.
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Case 1:

L(9,A)
-

{e(0,A)LT IT 41 h cos(Os ) + F[LDE + LDS] + (1-F)[LTAB + IB-ii
T,

cos(0B)(l-eB(3O'A))] (l-e(0,A))} T2(0E,X) + LaE(0E,A) + LiiS(QE,X)

Equation 4.1

Case 2:

L(0,X)
- {e(0,A)LT lT ~k- xi cos(Os)

+ LDE(0SK,A) + LDS(0SK,A)

(l-e(0,A))} T2(0E,A) + L^E(0E,A) + LtlS(0E,A)

Case 3:

L(0,A)
- (e(0,A)LT

(l-eB(0BPA))]

Equation 4.2

E p

IT^fLx,cos(es)+eB(eBPA)LTB+ iB_L_Xlcos(0B)

(l-e(0,A))} X2(0E,A) + L^E(0E,A) + L^s(0EA)

Equation 4.3

Case 4:

L (0,A) L-DE^SK'^
+

LDS(9SK,A)

Equation 4.4
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Variable Definition

L(0,A) Spectral radiance reaching the front end of the sensor

LT Self-emitted spectral radiance from a blackbody at temperature T (target)

Ltb Self-emitted spectral radiance from a BBat temperature T (background)

Ltab Self-emitted spectral radiance from a BB at temperature T

(ave. background)
Es/~

Exoatmospheric solar spectral radiance

Lde Downwelled spectral radiance due to self-emission of the atmosphere,

integrated over skydome

Lds Downwelled spectral radiance due to scattering, integrated over skydome

Lde(Osk,A) Directional spectral downwelled radiance due to

self-emission of the atmosphere

Lds(OskA) Directional spectral downwelled radiance due to scattering

Ln_(e,A) Upwelled spectral radiance due to self-emission of the atmosphere

along the target-sensor path

Lus(6,A) Upwelled spectral radiance due to scattering along the target-sensor path

Tl Atmospheric spectral transmission along the source-target path

T2(0E,X) Atmospheric spectral transmission along the target-sensor path

8(0,A) Angular spectral emissivity for the target

eB(0,A) Angular spectral emissivity for the background

0 Angle between the normal to the surface and the sensor-target path

Os Angle between the normal to the surface and the sun-target path

0B Angle between the normal to the surface and the sun-background path

0E Angle between the normal to earth at target and the sensor-target path

OSK Angle between the normal to the earth and the specularly reflected ray

from the sensor to target cast

0BT Angle between the normal to the background and the target hit point

F Shape factor - Fraction of exposed skydome

It Target sun/shadow flag (0/1) - Absence or presence of shadow

Ib Background sun/shadow flag (0/1) - Absence or presence of shadow

Table 2.2 Definition ofRadiance Equation Variables
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Variable Origin

L(0,A) Desired radiance vector

Lr Temperature from Therm,

Radiance from Planck's equation

Ltb Temperature from Therm,

Radiance from Planck's equation

Ltab Ave. Temperature from ray-tracer, Individual temperature

from Therm, Radiance from Planck's equation

Es/~

LOWTRAN7 (table look-up)

Lde SVGM (table look-up)

Lds SVGM (table look-up)

Lde(0sk^-) SVGM (interpolated on 0sk><}>)

Lds(OskA) SVGM (interpolated on 0sK,<t>)

LyEO.A.) LOWTRAN7 (interpolated on 0)

LuS(0,A) LOWTRAN7 (interpolated on 0)

Tl LOWTRAN7 (table look-up)

T2(0,A) LOWTRAN7 (interpolated on 0E)

(0,A) DIRS Database (table look-up to nearest degree)

b(0,A) DIRS Database (table look-up to nearest degree)

0 0S, 0B. 0E, 0SK, 0BT Ray-tracer

F Ray-tracer (not fully implemented)

It.Ib Ray-tracer

Table 23 Origin ofRadiance Equation Variables

2.3.5) Sensor Submodel

The sensor submodel uses the spectral radiance values computed by the

radiometry submodel to create the final synthetic image.

The location of the sensor within the scene must be defined before any

calculations can take place within the model. This is performed within AutoCAD using

its CAMERA viewing function. This function provides the ability to simulate a camera

view of the synthetic scene. This is also useful for visual verification of the given

viewing parameters prior to a full-scale run ofDIRSIG.
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The camera format is defined by several parameters. First, the desired target point

in world (scene) coordinates to which the sensor optical axis will point is defined. The

sensor ground coordinates (x,y) and flying altitude (z) are specified relative to an origin

placed in the center of the synthetic scene. Angles CO, O, K are specified to describe the

orientation of the sensor at this position. CO is the azimuthal angle of the sensor with

respect to the x-axis of the world coordinates. O is the elevation angle of the sensor from

the x-y plane of the scene. K is the twist angle of the sensor above its optical axis. The

camera's equivalent lens length is given to define the magnification and field of view of

the sensor. Finally, the number of pixels per row and the number of rows in the sensor

focal plane are given. All of these parameters are saved in a file with an autocad_dview

tag. The ray-tracer accesses this file to establish the viewing angles it and the radiometry

submodel need for their computations.

Once the spectral radiance values have been computed by the radiometry

submodel, the sensor submodel converts them to final digital counts. First, the sensor's

spectral response function is factored in. This function is defined on 100 cm-1 centers

from 350 to 39850 cm-1 (0.25 to 28.57 |im) (cf. Figure 2.15). Defined between 0 and 1,

it represents the sensor's relative response at each wavelength compared to the maximum

spectral sensitivity of the sensorwithin the defined bandpass. The values of zero

effectively limit the sensor's response to radiance values within the bandpass being

simulated. The radiance values , L(0,A), computed by the radiometry submodel are

multiplied by the spectral response function. This product is then integrated over the

bandpass of interest as shown in Equation 2.5

max

Lw(0)= Zue^pd^

^A
min

Equation 2.5

The resulting radiance, Lw(0), which represents the radiance at zenith angle 0

integrated over the given bandpass, is then converted to digital count (DC). The

conversion is given by Equation 2.6

DC = gain Lw(0) + offset

Equation 2.6
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Figure 2.15 shows a sample sensor parameter datafile which is input to the sensor

submodel. This file contains the spectral response function, the minimum and maximum

wavelengths of the bandpass of interest and the gain and offset of the sensor. Raqueno et.

al. (1991) outline methods of determining appropriate gain and offset values for a given

sensing system if the values are not known.

The resulting digital counts represent the final output of the sensing system and

are displayed as the final synthetic image.

line 001 0.0000000

line 002 0.0000000

line 003 0.0000000

line 004 0.0000000

iine 382 b.ooooooo
line 383 0.0000000

line 384 0.0000000

line 385 0.0000000

line 386 0.0000000

line 387 0.3000000

line 388 0.9000000 sensor relative spectral response function data

line 389 1.0000000 defined on 100 cm-1 centers

line 390 0.9500000

line 391 0.6000000

line 392 0.2000000

line 393 0.0000000

line 394 0.0000000

line 395 0.0000000

line 396 0.0000000

line 397 386 minimum wavelength index of the

spectral bandpass (line number - 1)
line 398 391 maximum wavelength index of the

spectral bandpass Oine length - 1)
line 399 17.8751 sensor gain in units ofDC/W/mA2 srjim

line 400 -221.0714 sensor offset in units ofDC

Figure 2.15 Sample Sensor Parameters Datafile

2.3.6) DIRSIG Overview

The preceding has been an overview of each submodel within the DIRSIG model.

Figure 2.16 illustrates the relationship between the submodels and datafiles included in

the DIRSIG model. The scene geometry submodel allows the user to build the scene and

assign physical parameters to each of the facets. The ray-tracer casts rays on a pixel-by-
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pixel basis to determine their interaction with the objects within the scene. It also

determines each facet's sun/shadow history for use in the thermal submodel. The thermal

submodel Therm computes the temperature of each facet based on the object's material

properties and input environmental data. The facet temperatures and ray interaction data

are sent to the radiometry submodel which computes the spectral radiance reaching the

front end of the sensor. The sensor submodel integrates these spectral radiance values

over the bandpass of interest along with the sensor response function. The integrated

radiance values are then converted to digital counts which are displayed in the final

synthetic image.

There is a critical need to address what the total error is in the overall model and

what each submodel contributes to the error. The main sources of error in the model are

the governing equations of radiation propagation, temperature prediction and

uncertainties in the input optical properties of the objects. Many variables input to both

the thermal and radiometry submodels have uncertainties in their values which can be

propagated through the model. These errors can result in uncertainties in the computed

facet temperature, radiance reaching the sensor, or the final digital count in the synthetic

image. Along with these uncertainties, the modeling processes have inherent limitations

in their accuracy based on how well the physical principles of thermodynamics and

radiometric propagation are known and modeled. The focus of this research was the

investigation of these errors in order to determine where improvements should be made.

The follwing sections discuss the approach and results of the validation of the

DIRSIG model. Again, the main focus of the testing was on the thermal and radiometry

submodels. However, the scene geometry, ray-tracer, and sensor submodels were also

inherently tested by comparison of the synthetic imagery with truth imagery.
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Work Statement

3.1.) An experiment was set up and carried out in which all of the inputs necessary to run

DIRSIG were collected. The data include all meteorological and atmospheric data

surrounding a scene. Thermal imagery and actual temperatures of objects within the

experimental scene were collected and used for comparison with model predictions.

3.2.) Optimum as well as general object parameters for input to the model Therm were

determined for all of the objects within the experimental scene.

3.3.) The temperature generator Therm was run independently of the DIRSIG model to

determine its sensitivity to variations in its input parameters. The model was run using

both optimum parameters as well as standard inputs determined from available literature.

The temperature prediction errors due to these different levels of knowledge of input

parameters were determined

3.4.) The radiometric submodel ofDIRSIG was tested for accuracy using error

propagation techniques. This method also allowed for determination of the impact

variations in individual radiometric variables have on the final radiance computed by

Dirsig.

3.5.) Synthetic thermal images of the experimental scene were generated by DIRSIG and

compared to the actual thermal imagery collected during the experiment. Discrepancies

between the images were identified, thus giving insight into the limitations and potential

ofDIRSIG's modeling capabilities. Suggestions were made for future improvements to

the model.
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Approach

4.1) Task 1: Data Collection Experiment

Two data collection experiments were carried out in which all of the parameters

necessary for input to DIRSIG were collected. The experiments ran for forty-eight hour

periods on the dates ofOctober 5, 6, and 7, 1990 and June 22 and 23, 1992.

The scene depicted in Figure 4. 1 was imaged from the roof (four stories high,

ground floor 0.218 km above sea level) of the RIT Center for Imaging Science building

nearby. LWIR imagery was collected using an Inframetrics IR camera on half hour

intervals. The camera contains a single Mercury/Cadmium/Telluride (HgCdTe) detector

which was cooled by liquid nitrogen to a temperature of 77K within a cryogenic dewar.

The image was scanned using electromechanical servos. During each time interval, five

frames of the image were digitized using Werner Frei software on a PC containing an

Image Technology board. These frames were then averaged to reduce noise within

individual images.

Midwave infrared imagery was also gathered during the June 1992 collection.

TheMWIR camera was supplied by the ARMY Night Vision Laboratory and is a

Platinum Silicide (PtSi) 2-D array video compatible IR imager. The MWIR imagery was

also collected at half hour intervals during the entire collection.

Visible images were collected using a CCD camera for purposes of determining

facet sun/shadow histories during the October 1990 collection. During the June 1992

collection, four separate images in different bands (red, green, blue, and SWIR) were

collected by the CCD camera using different filters. These images are to be used for a

validation study ofDIRSIG's predictions in the visible
region of the electromagnetic

spectrum. All images were collected every half hour, stored on computer hard drive, and

backed up on magnetic tape.

The thermal images were calibrated using a two-point blackbody (BB)

measurement method. A blackbody of emissivity = 0.970 + 0.02 ( CI Systems, 1989)

was set at 0C and then 40C and imaged by the Inframetrics camera every half hour. It

was assumed that these temperatures covered the dynamic range of the temperatures

within the experimental scene. The BB was set at one temperature, imaged by the IR
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camera, and then set at the other temperature. While the BB changed temperature, the

camera imaged the scene on the ground. Once the scene imaging was complete, the

second BB image was taken. The two BB images were then sampled within theWerner

Frei software to determine an average digital count representing the BB temperature. The

two temperatures were converted to radiance values using Planck's equation (cf. Equation

4. 1). Radiance was plotted against the corresponding digital count to create the

calibration curve.

2hc2 1

LU) =

a5 exp(hc/AkT)
- 1

Equation 4.1

where: h = Planck's constant (6.6262xl0"34 Js)

c = velocity of light
(2.9979xl08

m/s)

k = Boltzmann's constant (1.3806xl0"23 J/K)

T = absolute temperature (K)

Given the angular emissivity of the object, digital counts in the thermal images

were converted to radiance values via the calibration curve generated for that time

interval (cf. Figure 4.2). These radiance values were used for comparison with DIRSIG's

computation of radiance reaching the sensor. The apparent target temperature was then

calculated using the inverse of Planck's equation. These computed temperatures were

used as a check against thermistor values. This method was used to double check the

thermistor temperatures andDIRSIG's prediction of background object temperatures,

such as grass which were not measured during the experiment. Figure 4.3 illustrates the

resulting temperatures computed from the IR images plotted against the thermistor

temperatures.

This method of temperature computation assumes that the radiance from the target

is due solely to self-emission of the object. If the object's radiance is influenced by its

background, this method will be inaccurate. For example, the car engine was turned on

during the first night of the data collection. The radiances of all surrounding objects were

greatly influenced by the heat of the nearby engine. In addition, upwelled radiance and

reflected downwelled radiance values are not factored into the computation.
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Exclusion of these variables adds a bias to the temperatures computed from the IR

images. Because the background temperature and upwelled and downwelled radiance
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effects are not included in this calculation, it is only used as a sanity check of thermistor

temperatures.

Meteorological data for input to the temperature generator Therm were collected

by various means listed in Table 4.1. Radiosonde data for input to the atmospheric

models were ordered from the Buffalo Airport (cf. Appendix F).

Required Data Collection Method

Air Temperature (C) Thermometer

Air Pressure (mbar) Barometer

Relative Humidity (%) Hygrometer

Wind Speed (m/s) Anemometer

Direct Insolation (L/hr) Pyronometer

Diffuse Insolation (L/hr) Pyronometer

Sky Exposure (%) Experimental Estimate

Cloud Type (0-8) Experimental Estimate

Precipitation Type (0/1) Experimental Observation

Precipitation Rate (cm/hr) Rain Gauge

Precipitation Temperature (C) Thermometer

Kinetic Object Temperature (C) Thermistor

Radiance at Sensor (W/m2 sr) Thermal Imagery

Orientation Angles ExperimentalMeasurement

Object Dimensions Experimental Measurement

Table 4.1 Experimental Data and Collection Methods

Temperatures of objects in the scene were recorded by thermistors on fifteen

minute intervals. The thermistors are simple devices which change their resistance as a

function of temperature. By applying a voltage across the thermistor circuit, the change

in resistance can be recorded. The output signal of the circuit was converted to a digital

count which was then converted to a temperature value through a calibration curve. The

calibration curve was generated by taking thermistor readings of known temperatures

within a water bath. The thermistor readings were averaged for each temperature and

then plotted against temperature for the calibration curve. The thermistors are calibrated

to read the same temperature to within 0. 1 C of each other. The resulting temperatures
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measured in the scene were used for testing the accuracy of Therm and validating

Therm's input object parameters.

Object dimensions, angles, and locations in the scene were measured for the

purpose of reconstructing the scene in AutoCAD. Object thicknesses and angles were

entered in the attribute and orientation nodes of the scene geometry submodel.

The resulting data gathered from these experiments includes forty-eight hours of:

thermal and visible images recorded every half hour for October 1990; LWIR, MWIR,

and visible images recorded every half hour for June 1992; meteorological data and

object temperatures recorded at fifteen minute intervals, object dimensions, angles and

locations within the scene for both collections; and radiosonde data recorded at the

Buffalo Airport on October 4, 5, 6, and 7, 1990 and June 22, 23, and 24, 1992.

4.2) Task 2: Object Parameter Derivation

As stated earlier, accurate object parameters are essential for Therm's generation

of accurate temperatures. These parameters were determined before DIRSIG was run to

generate synthetic images of the experimental scene.

Each of the object parameters has an effect on the behavior of an object's

temperature as a function of time. All of the parameters are defined on a sound first

principles physical basis for use in the thermodynamic equations. Therefore, the goal of

this task was to define as many parameters of objects in the scene as possible on a

physical basis.

The thermal emissivity, slope and azimuth can remain constant once the basic

values are determined because they are generally known to sufficient accuracy

beforehand. The objects in the experimental scenes had no self-generated power except

for the car's engine which was turned on for two hours at midnight of October 5, 1990.

The engine's heat affected many of the neighboring facets such as the car hood, side, tire,

and windshield, and the surrounding asphalt. Therm does not account for neighboring

facets and thus there is no straightforward method of indicating to Therm that there were

heat sources in the vicinity of the above facets. Therefore, the
self-generated power of

these facets must be manipulated to make Therm's output best fit the actual object

temperatures for the period of time which the engine's heat had an effect. A limited effort
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to accurately model these active facets was expended here. Since this is a known limit,

the passive facets were dealt with in more detail.

Visible emissivity and exposed area have similar effects on an object's thermal

signature, but for different physical reasons. Visible emissivity represents the fraction of

visible insolation that is absorbed by a material. Exposed area represents the fraction of

an object's area which is exposed to environmental effects such as sun, sky, wind and

rain. The exposed area can be adjusted based on the shadowing of a facet due to nearby

objects. Both the exposed area and visible emissivity terms were adjusted while

determining optimum object parameters.

Therm aggregates the heat capacity (defined as the product of the material's

specific heat and density) and thickness parameters into one variable, thermal mass, for

its temperature calculations. Thermal mass is defined as the product of the heat capacity

and thickness. It is a measure of the resistance of a material to thermal changes (ie.

kinetic temperature). For example, a thermally massive object takes longer to respond to

thermal changes and retains its
'memory'

of past thermal influences longer.

A second lumped parameter which Therm computes is the Biot number. This

value is defined as the product of thickness and the calculated heat transfer rate, divided

by the object's thermal conductivity. It is a measure of the insulating properties of a

material.

When deriving object parameters, the thickness was usually varied while the heat

capacity was held constant to adjust an object's thermal mass. A byproduct of this

procedure was a change in the Biot number. If this change produced higher temperature

prediction error, the thermal conductivity was varied to adjust the Biot number to a more

appropriate value resulting in lower error in temperature prediction.

Therefore, when deriving optimum object parameters for the experimental scene,

four parameters were varied to fine-tune Therm's output temperatures. These parameters

were exposed area, visible emissivity, thickness and thermal conductivity. Once the other

parameters were appropriately defined based on physical characteristics of the material,

these four variables were adjusted individually and in combination for fine-tuning. The

final combinations which resulted in the smallest RMS error (between computed

temperatures and actual temperatures recorded by thermistors) were used as inputs to the
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DIRSIG model. The facets requiring
self-generated power were treated as a special case.

This process of deriving optimum object parameters was used in order to correct text

book material values for the specific targets observed in the experimental scenes. The

resulting optimized parameters minimize Therm's RMS temperature prediction error for

the targets in the scene.

4.3) Task 3: Testing Therm

Therm can be run as a stand alone model outside ofDIRSIG. Testing the

sensitivity ofTherm involved determining the errors in the input variables and the

amount of impact each variable has on output temperatures. Due to the fact that the

model employs numerical solutions to differential equations for its computations, general

error propagation methods were difficult to implement The following is a description of

the technique used for error propagation testing of Therm.

A specific error bound was defined for each variable input to Therm. The

variation in output temperature due to this error was determined by multiple runs of

Therm. Therm outputs the object temperature as a function of time. The program was

first run with the original object and weather parameters to establish
'truth'

temperatures

for various objects. Then, one input was varied over its range of error while the

remaining variables remained the same to produce a new temperature output for each

object. An RMS error was computed between this new temperature output and the
'truth'

temperatures. In this manner Therm's sensitivity to variations in individual parameters

was determined.

Table 4.2 lists all variables computed by the thermal model and the sources of the

truth values used to test each variable. The errors associated with each variable input to

Therm were determined and are discussed at length in the next section. Each of the

weather and object parameters were varied individually according to its error bound to

determine its impact on the computation of final object temperature. Input variables

which have the largest impact on the output temperature were identified. Also, Therm's

prediction ofmeteorological data was compared to the actual data collected during the

experiment. Final temperatures computed by Therm in both the weather prediction mode

and full input environmental data mode with both generic and optimized object

parameters were compared to thermistor measurements to determine temperature error

values.
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Inputs to ThermalModel

Environmental Prediction

EnvironmentalModel

Output Validation

Inputs to ThermalModel

Temperature Prediction

Temperature Model

Output Validation

Value Source Value Source Value Source Value Source

Sunrise Time Longitude,

Latitude, Day
ofYear from

Ephemeris

Air

Temp(t)

Thermometer

(t)

Density Available

Literature

Kinetic

Tempera

ture^)

Thermistor

Measure

ment^)!Sunset Time Air Pressure Barometer

(0

Specific Heat Available

Literature

Sunrise Air

Temperature

Weather

Service

Report

V

Relative

Humidity

Hygrometer

(t)

Thermal

Conductivity

Available

Literature

Peak Air

Temperature

Dew Point(t)
(t)

Exposed Area Experiment

Estimate

Time of Peak

Air Temp.

Wind Speed Anemometer

(t)

Visible

Emissivity

Available

Literature

Air Pressure Direct

Insolation(t)

Pyronometer
(t)**

Thermal

Emissivity

Emissometer

Measurement

Humidity Diffuse

Insolation(t)

Pyronometer
(0**

Self-

Generated

Power

Available

Literature

Dew Point Sky
Exposure

Experimental

Estimate (t)

Thickness Measurement

Wind Speed Cloud Type Experimental

Estimate (t)

Slope Measurement

Sky
Exposure

Rain Type Experimental

Estimate (t)

Azimuth Measurement

Cloud Type Rain Rate Rain Gauge

(t)

Sun/Shadow

History

Visible

Imagery

Rain Type Rain

Temperature

Experimental

Estimate (t)

Plus all of the environmental

model outputs and their

corresponding experimental

values as a function of time

Rain Rate

Rain

Temperature

Engineering
Estimate

* Thermal model computes dew point based on air temperature and relative humidity
**

Eppley Precision Pyronometers

t YSI Thermistors

Table 4.2 Thermal Submodel Variables: Truth and Prediction Sources

4.4) Task 4: Testing DIRSIG

The method of error propagation defined by Yardley Beers (1957) was used for

the sensitivity study ofDIRSIG. Beer's method states that given a quantity, V, which is a

function of other variables, x and y, the error in V, dV, can be derived from the errors

associated with x and y, dx and dy, and the deviations of individual measurements from

the average values of x and y, 5x and 8y.
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4.4.1) Error Definitions

There are three types of errors: independent, nonindependent, and correlated.

When the error in one variable has no relation to the errors in the other variables, it is said

to be an independent error. When errors in the input variables are due to a common

cause, such as an inaccurate measuring instrument, they are said to be nonindependent.

Correlated errors are ones for which the deviations of individual measurements from the

means of two variables are systematically related. Beers uses the following example to

illustrate the three types.

The area of a rectangle is to be determined by measurement of its width and

length. One method is to take ten quick measurements of both variables under the same

conditions using the same measuring tape. A second method is to take one measurement

a day for ten days using the same measuring tape but now under different conditions.

Looking at the product of the deviations of the measurements from the average

values for the first case, E5x8y, a logical pairing of deviations would be random. On

average, this sum will then be zero. In this case, the errors are independent. There may

also be some nonindependent error which could be due to thermal expansion of the

measuring tape. This error affects all measured values equally and can be accounted for

if it is known to exist. It cannot be detected by inspecting the deviations.

In the second case, without correction for expansion of the tape due to the

different temperatures on different days, the only logical pairing of deviations is by

measurements taken on the same day. The result is that on hotter days, the deviations of

both variables are positive, larger than average. On cooler days, both deviations are

negative, smaller than average. The product of these deviation pairs will always be

positive. Therefore, the sum of the products (_8x8y) will not be zero. These errors are

said to be correlated.

4.4.2) Propagation of Independent and Correlated Errors

For correlated errors, the average value of the sum I5x8y, pXy, must be

computed. This term is called the correlation coefficient. A value of 0 for pXy indicates

purely independent error, while a value of +1 indicates completely correlated error. The

standard deviation, s, for each variable must also be either computed or estimated to

predict the error in the output.
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1

Equation 4.2

k
Z(5xn)'

S =

-\ / n-l

k - 1

Equation 4.3

The error in the output, V, due to correlated and independent error in the inputs

can be expressed as a standard deviation, sv:

sv
-

\/(S^S *2M-t^)(^Hsy

Equation 4.4

Addition of errors in added input variables is straightforward. For example,

addition of a third variable, w, would result in the following terms added under the square

root in Equation 4.3.

0&fc + 2^)(Kss+ 2P.y(-|X)(-^KSy

Equation 4.5

If only independent errors are present, the correlation coefficient is 0, and

Equation 4.4 becomes:

sv \AS
* (S

Equation 4.6
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4.4.3) Propagation ofNonindependent Errors

When the errors present in the inputs are nonindependent, the output error can be

expressed as:

Equation 4.7

4.4.4) Total Output Error

If both nonindependent and correlated and/or independent errors are present, the

final error in the output value can be computed as:

Total Error in V =

\/dV2

+
sv2

Equation 4.8

These methods were applied to the four equations of radiation propagation in the

radiometry model ofDIRSIG. First, the type and amount of error associated with each

variable were determined. Then, the above equations were applied to compute the error

in the final radiance values. The radiometry variables tested are listed in Table 4.3 along

with how truth values were determined and where the modeled values were computed.

4.5) Task 5: Evaluation of Synthetic Imagery

Final images computed by DIRSIG were compared to the thermal imagery

gathered during the data collection experiments. Radiance values were derived from the

truth images as described in section 4. 1 . These true radiance values were then compared

to predicted radiance values from DIRSIG. The sensor submodel was also tested by

comparison of the imagery. Table 4.4 lists the parameters of the sensor submodel tested

and sources of variable validation. Discrepancies between the images will be discussed

and explained in following sections. The potentials and limitations of the model will be

addressed along with suggestions for further improvement of the model.
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Inputs to Radiometry Submodel Validation Model Output Validation

Value Source Source Value Source

-Target Emissivity
DIRS Database Emissometer

Measurement

Radiance

Reaching the

Sensor

Calibrated

Radiance

ImageryLT - Target Radiance

due to Temp.

Thermal

Submodel

(Planck)

Thermistor

Measurement

IT & IB Sun/Shadow

Histories

Ray_tracer

Submodel

Visible Imagery

Es/p*tl LOWTRAN Pyronometer*

0s - Target Slope Geometry
Submodel

Experimentor

Measurement

F - Shape Factor Geometry
Submodel

Experimentor

Estimate

LD - Downwelled

Radiance

LOWTRAN Spectro-

radiometer**

LTAB - Ave.

Background Radiance

due to Temp.

Thermal

Submodel

Thermistor

Measurement

0B - Background Slope Geometry
Submodel

Experimentor

Measurement

B - Background

Emissivity

DIRS Database Emissometer

Measurement

t2 - Target-Sensor

Transmission

LOWTRAN Radiometric

Ground Truth

Lu - Upwelled Radiance LOWTRAN Radiometric

Ground Truth

LD*
-Directional LD LOWTRAN Spectro-

Radiometer**

LuA
-Directional Lu LOWTRAN Radiometric

Ground Truth

LTB - Background

Radiance due to Temp.

Thermal

Submodel

Thermistor

Measurement

*
Eppley Precision Pyranometer

** Infrared Systems Spectroradiometer

Table 4.3 Radiometry Submodel Variables: Truth and Prediction Sources

Inputs to Sensor Submodel Validation Model Output Validation

Value Source Source Value Source

Sensor Response

Function

Manufacturer

Specifications

NA Digital Count Thermal

Imagery

Sensor

Gain

BB Calibration

Data

BB Imagery

Sensor

Bias

BB Calibration

Data

BB Imagery

Field ofView X User Defined Visual

Inspection

of

Imagery

Field of View Y User Defined

# of Pixels X User Defined

# of Pixels Y User Defined

Table 4.4 Sensor Submodel Variables: Truth and Prediction Sources
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Results

5.1) Therm Test Results

Tables 5.1 and 5.2 list the errors associated with the weather and object variables

input to Therm. Also listed are the RMS errors in output temperature resulting from

these input errors. Two different types of error, prediction and measurement, are listed.

Therm can run in a predictivemode in which diurnal weather data is computed

based on input averages of the weather variables.
'Predicted'

RMS errors in the weather

variables are computed between Therm's prediction ofweather data and the actual

measured diurnal weather.

When an object is being modeled and is not available for measurement, its objects

parameters must be estimated. Lists of parameters for many different objects have been

compiled (DCS Corp., 1990) for this situation. Many similar objects on these lists have

varying parameters. The
'predicted'

object parameter errors are the variabilities of each

parameter within each group ofmaterials.

'Measurement'

errors of weather and object variables are those associated with the

accuracy and precision to which a variable can be measured in an experiment. The

measurement error of the weather variables is the error associated with the measuring

equipment used during the October 1990 and June 1992 data collections. For example,

the measurement error of the air temperature was 0.2C. Some object parameters such as

thickness and orientation can be measured very precisely by the user. Other variables are

more easily determined by consulting manufacturer specifications or general material

property tables found in thermodynamic and heat transfer literature. However, these

references rarely list the variability associated with the given parameter value. For those

easily measureable parameters, the actual measurement accuracy and precision are listed

in the error table. For the other variables, a conservative estimate of 10% error in the

given value was used for the sensitivity testing.

For the weather testing, complete diurnal weather data from six days: June 23 and

24, 1987; October 6 and 7, 1987; and October 5 and 6, 1990, was used. This weather

information was used to generate all truth (output object temperatures) and served as a

basis for the sensitivity tests.
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Variable Prediction Resulting Measurement Resulting

Error Temp. Error Error Temp. Error

Air RMS: 1.57 1.0947 0.2C 0.1027

Temperature Bias: 0.63

Air Pressure RMS: 1.87

Bias: -0.05

0.0017 0.2 mbar 0.0017

Humidity RMS: 0.14

Bias: 0.05

0.1754 0.2% 0.0069

Dew Point RMS: 3.57

Bias: 1.46

0.2650 NA NA

Wind Speed RMS: 1.311

Bias: -0.021

0.3143 1.111 m/sec 0.2978

Direct RMS: 10.20 0.9146 Precision: .043 .0061

Insolation Bias: -4.47 Accuracy: 0.2%

Diffuse RMS: 8.06 1.6752 Precision: .043 .0046

Insolation Bias: -3.16 Accuracy: 2.0%

Sky RMS: 0.21 0.3637 0.05 0.0728

Exposure Bias: 0.00

Cloud Type RMS: 1

Bias: 0

0.1421 0ifCT=0,l,7,8

1 otherwise

0.0518

Precipitation None NA None NA

Type

Precipitation RMS: 0.055 0.1001 .0127 cm/hr .0086

Rate Bias: 0.00

Precipitation RMS: 7.14 0.1617 2C .0145

Temperature Bias: -5.35

Total Error

(no Rain)

2.2721 0.3276

Total Error

(rain)

2.2801 0.3280

Table 5.1 Weather Parameter Errors and Resulting Temperature Errors
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Variable Prediction

Error

Resulting

Temp. Error

Measurement

Error

Resulting

Temp. Error

Specific Heat Varies for each

object

0.0188 10% of value 0.0718

Density Varies for each

object

0.0865 10% of value 0.072

Thermal

Conductivity

Varies for each

object

0.4362 10% of value 0.0477

Thickness 20% 0.1023 0.1cm 0.0363

Visible

Emissivity

Varies for each

object

0.7774 10% of value 0.3934

Thermal

Emissivity

Varies for each

object

0.1983 0.025 (-5%) 0.0624

Self-Generated

Power

Varies for each

object

0.2488 10% of value 0.0236

Exposed Area 20% 0.5634 10% of value 0.2809

Slope
7.5

0.1219
3

0.0456

Azimuth
7.5

0.2905
3

0.1012

Total Error

(passive)

1.1265 0.5137

Total Error

(active)

1.1536 0.5142

Table 5.2 Object Parameter Errors and Resulting Temperature Errors

5.1.1) Weather parameter tests:

The truth data for the weather parameter tests were the temperatures of 1 1 objects

(cf. Table 5.3) as computed by Therm using the original diurnal weather files. These

objects were chosen because they were all used for the data collection experiment on

October 5-7, 1990 and they cover a wide range of materials with differing thermal

properties. The RMS error associated with one weather variable was added or subtracted

randomly to the time dependent variable in the weather file while all other variables were

left alone. Appendix A gives a listing of the computer program used to perform this task.
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Next, the 1 1 object temperatures were computed using the revised weather file,

and RMS errors between these output temperatures and the original truth temperatures

were computed. The resulting temperature errors listed in Table 5. 1 are averages over the

RMS errors computed for each of the 1 1 objects.

Note that for the prediction errors, both a bias value and an RMS error are listed

for each variable. For some variables, Therm tends to make optimistic or pessimistic

predictions, resulting in a bias when compared to the actual data . For these cases, the

bias was added to or subtracted from the true weather variable, depending upon its sign,

and then the RMS error was randomly added.

Themost important variables, ie. those that have the greatest impact on the error

in output temperature, are air temperature, wind speed, and direct and diffuse insolation.

Respectively, the errors in temperature due to errors in these variables are (cf. Table 5.1):

(predicted) 1.09 C, 0.31 C, 0.91 C and 1.68 C, and (measured) 0.10 C, 0.30 C, 0.01

C, and 0.00C.

Name Density Specific

Heat

Thermal

Conduct.

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Power Slope Azi

muth

Steel 7.833 0.1111 464.4 0.30 0.64 0.90 0.50 0 0 0

Aluminum 2.390 0.2198 1754.4 1.0 0.10 0.04 0.50 0 0 0

Asphalt 2.110 0.2200 6.36 3.0 0.86 0.98 0.70 0 0 0

Concrete 1.600 0.1600 0 12.0 0.70 0.95 0.60 -1.4 0 0

Brick 0.768 0.2098 8.17 0.5 0.75 0.93 0.50 0 0 0

Wood 0.600 0.6700 0.86 2.4 0.72 0.85 0.50 0 0 0

Plastic 1.400 0.0400 64.5 1.0 0.07 0.72 0.50 0 0 0

Window 2.707 0.1911 6.54 0.3 0.05 0.95 0.50 0 0 0

Tire 1.198 0.2986 1.30 0.3 0.95 0.99 0.50 0 0 0

Grass 1.000 1.0000 0 0.0 0.91 0.88 0.50 -4.5 85 180

Water 1.000 1.0000 5.0 16.6 0.50 0.96 0.50 0 0 0

Table 5.3 Objects used for weather sensitivity testing

Clearly, the errors resulting from Therm's prediction of the weather are greater

than those errors resulting from variability in the measured data. One way to improve

upon the prediction errors is to edit Therm's output weather. If the user has some idea of

the weather patterns for the day being modeled, he can adjust the data predicted by

Therm. For example, if it is known that the day was mostly sunny with a cloudy period

46



during the afternoon, the cloud type, sky exposure, and direct and diffuse insolations can

be altered to better model that cloudy period. Also, some of Therm's weather predictions

contain a bias which is more tolerable than an RMS error. Bias errors can be corrected by

simply adding or subtracting the bias amount from the predicted data before running

Therm to predict object temperatures.

Itmust be noted that Therm predicts the weather well when modeling stable days

such as a typical sunny day with few clouds. Therm cannot predict rapidly changing

weather conditions because it only works from values averaged over a 24 hour period.

Depending upon the application ofDIRSIG, this limitation may or may not be

problematic. For training use and prediction of optimum imaging times, Therm's

limitation is not critical. Many different scenarios can be defined with acceptable results

from DIRSIG. However, modeling of actual imagery collected under unknown or

unmeasured conditions may be limited.

For running Therm in the predictive mode, the critical weather parameters listed

earlier (ambient temperature, sky cover, and solar loading) should be paid particular

attention. Also note that for either method ofweather generation, wind speed should be

carefully watched. Even relatively small changes in wind speed (which Therm cannot

predict) or errors in measured wind speed can have large effects on resulting object

temperatures due to the convective cooling (or warming) nature of the wind.

When predicting object temperatures from measured weather data, errors in the

object parameters have a much greater effect on the final temperature than do errors in

the weather variables. In general, if the weather is very well known, the user should

concentrate on determining correct object parameters. The impact of object parameter

errors are discussed below.

5.1.2) Object parameter testing:

The truth data for the object parameter sensitivity tests are the temperatures of the

12 objects listed in Table 5.4. These objects were chosen from the lists provided by DCS

Corporation so that materials with various thermal properties were represented. Each of

these materials had at least five different listings of objects parameters from which the

predicted parameter variability was computed. The tests were run in the same manner as

the weather sensitivity tests: error was added to one parameter at a time, object

temperatures were computed by Therm, then RMS errors between these output
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temperatures and the truth temperatures were calculated. The average error due to each

variable over all objects is listed in Table 5.2.

Name Asphalt Brick

Variable Value Prediction

Error

Measure

Error

Value Prediction

Error

Measure

Error

Density 1.841 .406 .184 1.259 .694 .126

Specific Heat .2133 .0100 .0213 .2199 .0143 .0220

Conductivity 6.23 .25 .62 6.02 3.04 .60

Thickness 5.0 1 .1 5.0 1 .1

Visible Emiss. .91 .04 .091 .79 .06 .079

Thermal Emiss. .96 .03 .025 .93 0 .025

ExposedArea -.50*

.1 .05

-.50*

.1 .05

Power 0 0 0 0 0 0

Slope 0 7.5 3 90 7.5 3

Azimuth 0 7.5 3 0 7.5 3

Name Concrete Glass

Density 1.893 .337 .189 2.643 .059 .264

Specific Heat .1600 .0001 .0160 .1964 .0049 .0196

Conductivity 15.48 0 1.55 9.84 3.01 .98

Thickness 5.0 1 | .1 3.0 .6 .1

Visible Emiss. .68 .24 .068 .13 .07 .013

Thermal Emiss. .95 .04 .025 .85 .09 .025

ExposedArea -.50*

.1 .05 .50 .1 .05

Power 0 0 0 0 0 0

Slope 0 7.5 3 0 7.5 3

Azimuth 0 7.5 3 0 7.5 3

Name Grass Gravel

Density 1 0 .1 1.686 .225 .169

Specific Heat 1 0 .1 .1967 .0055 .0197

Conductivity 5 0 .5 9.37 7.86 .94

Thickness .05 .01 .1 5 1 .1

Visible Emiss. .79 .12 .079 .68 .27 .068

Thermal Emiss. .94 .05 .025 .72 .30 .025

ExposedArea .15 .03 .015

-.50*

.1 .05

Power -1.18 1.50 .12 0 0 0

Slope 0 7.5 3 0 7.5 3

Azimuth 0 7.5 3 0 7.5 3

* Negative exposed area indicates that Therm should compute the temperature of the

inner surface of the object

Table 5.4 Objects used for object parameter sensitivity tests
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Name Sand Soil

Variable Value Prediction

Error

Measure

Error

Value Prediction

Error

Measure

Error

Density 1.606 .220 .161 1.478 .297 .148

Specific Heat .1962 .0052 .0196 .2017 .0057 .0202

Conductivity 3.03 .72 .30 1.56 1.98 .16

Thickness 10 2 .1 12.0 2.4 .1

Visible Emiss. .65 .07 .065 .83 .09 .083

Thermal Emiss. .91 .02 .025 .94 .02 .025

Exposed Area -.50*

.1 .05

-.50*

.1 .05

Power 0 0 0 -1.0 1 .1

Slope 0 7.5 3 0 7.5 3

Azimuth 0 7.5 3 0 7.5 3

Name Steel Water

Density 7.772 .172 .777 1 0 .10

Specific Heat .1107 .0006 .0111 1 0 .10

Conductivity 495.9 48.85 49.59 5.03 .06 .50

Thickness 2 .4 .1 20 4 .10

Visible Emiss. .68 .18 .068 .75 .23 .075

Thermal Emiss. .30 .28 .025 .96 0 .025

Exposed Area .50 .10 .05

-.50* -.50*

.05

Power 0 0 0 0 0 0

Slope 90 7.5 3 0 7.5 3

Azimuth 0 7.5 3 0 7.5 3

Name Wood (Building) Wood (Tree)

Density .600 .115 .06 .893 .149 .089

Specific Heat .6532 .0407 .0653 .8413 .2035 .0841

Conductivity .94 .12 .09 3.34 2.10 .33

Thickness 3.0 .6 .1 .25 .05 .1

Visible Emiss. .74 .03 .074 .92 .07 .092

Thermal Emiss. .83 .06 .025 .94 .02 .025

Exposed Area
-.50*

.1 .05 .15 .03 .015

Power 0 0 0 -1.14 1.10 .11

Slope 90 7.5 3 90 7.5 3

Azimuth 0 7.5 3 0 7.5 3

* Negative exposed area indicates that Therm should compute the temperature of the

inner surface of the object

Table 5.4 Objects used for object parameter sensitivity tests

The object parameters whose errors have the greatest impact on output

temperatures computed by Therm are: visible emissivity, exposed area, azimuth angle,

and self-generated power. Respectively, the errors due to errors in these variables are (cf.

Table 5.2) : (predicted) 0.78 C, 0.56 C, 0.29 C, and 0.25 C, and (measured) 0.39C,

0.28 C, 0.10C, and 0.02C.
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The error associated with self-generated power is misleading. Having

acknowledged that Therm works poorly with active facets, only passive facets were fully

tested during this study. The variability listed for self-generated power is that associated

with facets that naturally have a low amount of power, such as growing grass and trees.

Therefore, this output temperature error is not a true representation ofTherm's ability to

predict temperatures of active facets. If active facets were included in this study, the

temperature error would most likely be much higher.

The high error due to prediction variability in thermal conductivity is due to one

or two materials having a wide range of thermal conductivities listed in the literature.

This large variability inflated the resulting temperature error. Comparing the error due to

measurement variability of thermal conductivity to the error due to measurement

variability in the other object parameters shows that the error due to thermal conductivity

is not as critical as the errors in the variables listed above.

Error due to azimuth angle variability is easily understood. The azimuth of a facet

determines the amount of solar loading the facet receives throughout the day. Relatively

small errors can significantly increase or decrease the amount of solar energy the facet

receives, thus affecting the facet's temperature.

Exposed area is a difficult parameter to quantify. It is used as a 'fudge
factor'

to

give Therm a proportion of the facet area exposed to the environment. This parameter is

not measured in a straightforwardmanner, but is estimated by the user. Again, small

changes in the exposed area can have a significant effect on the facet's temperature.

Note that the magnitudes of the errors due to measured errors in object parameters

are greater than those of the errors due to measured weather parameter variabilities. This

reinforces the statement that the object parameters should be primarily focused on when

running Therm with measuredmeteorological data.

Overall, Therm's combined sensitivity to variations in weather and objects

parameters for passive facets is: 2.54C (prediction) or 0.61C (measurement). It is

important to keep in mind that when the goal is to predict true object temperatures, the

definition of accurate object parameters is very important. The past two sections have
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focused on Therm's sensitivity to errors in its input variables. The next section will

discuss Therm's accuracy in predicting actual object temperatures.

5.1.3) Therm accuracy

Tables 5.5 and 5.6 list the optimum and generic object parameters determined for

the facets in the scenes imaged during the October 1990 and June 1992 data collections.

Optimum parameters are those which have been optimized for Therm's computations.

These parameters yield the highest temperature prediction accuracy. Generic parameters

are those which have been chosen from lists of object parameters with no optimization.

Generic parameters represent the case in which there is no information available on the

objects to be modeled and therefore the parameters must be estimated. Where applicable,

parameters for similar objects from both collections were matched. Table 5.7 lists the

RMS errors computed between Therm's prediction of object temperatures (using either

optimum parameters or generic parameters taken directly from available literature) and

the actual object temperatures measured by thermistors. Temperatures were computed

using both full meteorological data and average weather values for Therm's weather

prediction mode.

Clearly, Therm predicts object temperatures quite accurately when the total

weather history is known and the object parameters have been fine tuned to fit the

objects. However, it is a rare situation in which all weather and object information is

known. More realistically, the user will have generic object profiles and perhaps an

outline of the weather conditions for the day being modeled. In this case, Therm can

generally predict object temperatures to within 3.5C. It can be seen by comparison of

the errors in Table 5.7 that it is very important to have a good profile of the object

parameters.

The combination of full environmental data and optimum object parameters was

used to create output images from DIRSIG. These images will help to illustrate how well

the model can predict actual images. They will be presented in a later section along with

corresponding truth images to illustrate the resulting errors. The next section details the

sensitivity study performed on the radiometry
submodel ofDIRSIG. This section

includes the effects errors in temperature have on the radiometry submodel's computation

of radiance reaching the sensor.
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Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Aluminum 2.700 .2198 2064 0.0 .15 .10 -1.0 0 45 60

Asphalt 2.114 .2200 5.93 2.4 .93 .93 .40 2.2 0 0

Brick 0.768 .2098 8.17 5.0 .79 .93 -.34 0 45 60

Car Side 7.833 .1111 464.4 .21 .74 .44 1.0 1.45 90 90

Car Roof 7.833 .1111 464.4 .13 .74 .44 .53 0 0 0

Concrete 1.600 .1600 15.48 1.13 .90 .99 -.44 0 42.5 60

Grass 0.160 1.000 0.0 0.0 1.0 .98 .08 1.1 85 180

Gravel 1.000 .3400 17.2 .60 .90 .90 -.375 0 32 60

Sand 1.520 .1911 2.84 1.3 .76 .90 .39 0 0 0

Tire 1.198 .2986 1.3 .15 .93 .90 -.82 0 90 90

Water 1.000 1.000 11.0 14.0 .07 1.0 -.46 0 0 0

Window 1.000 .5200 12.04 .31 .61 .61 .95 .80 67 90

Windshield 1.000 .5200 12.04 .11 .61 .61 .52 0 17 180

Wood 0.400 .6689 1.1 2.15 .78 .90 .27 0 32 60

5 .5a. Fie d Optimized Values

Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Aluminum 2.700 .2198 2064 0.50 .74 .90 -.40 0 45 60

Asphalt 2.114 .2200 5.93 3.0 .93 .93 -.50 0 0 0

Brick 0.768 .2098 8.17 5.0 .75 .93 -.40 0 45 60

Car Side 7.833 .1111 464.4 0.5 .74 .44 .30 0 90 90

Car Roof 7.833 .1111 464.4 0.5 .74 .44 .50 0 0 0

Concrete 1.600 .1600 15.48 3.0 .90 .99 -.40 0 42.5 60

Grass 1.000 1.000 0.0 0.2 .91 .88 .16 -3.5 85 180

Gravel 1.700 .2000 17.20 3.0 .90 .90 -.40 0 32 60

Sand 1.510 .1900 2.67 5.0 .60 .90 -.40 0 0 0

Tire 1.198 .2986 1.30 2.0 .95 .99 -.30 0 90 90

Water 1.000 1.000 5.13 30.0 .50 .96 -.40 0 0 0

Window 2.600 .2000 12.04 2.0 .18 .79 .25 0 70 90

Windshield 2.600 .2000 12.04 2.0 .18 .79 .40 0 32 180

Wood 0.400 .6689 1.10 2.0 .78 .90 -.40 0 32 60

5.5b. Generic ("Textbook") Values

Table 5.5 October 1990 Object Parameters
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Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Asphalt 2.114 .22 5.93 2.4 .93 .93 .40 2.2 0 0

Blue Wood .60 .67 .86 2.4 .60 .78 -.77 0 69 90

Bumper 7.833 .1111 464.4 .12 .88 .44 .69 0 90 90

Car Roof 7.833 .1111 464.4 .09 .88 .44 .53 0 0 0

Car Side 7.833 .1111 464.4 .01 .88 .44 1.0 1.8 90 90

Concrete 2.28 .1601 15.48 4.5 .73 .94 .39 0 0 0

Front Black .60 .67 .86 2.4 .90 .78 -.77 0 90 90

FrontWhite .60 .67 .86 2.4 .20 .78 -.77 0 90 90

GreenWood .60 .67 .86 2.4 .55 .78 -.77 0 69 90

Grey 1 .60 .67 .86 2.4 .50 .78 -.77 0 69 90

Grey 2 .60 .67 .86 2.4 .60 .78 -.77 0 69 90

Grey 3 .60 .67 .86 2.4 .70 .78 -.77 0 69 90

Grey 4 .60 .67 .86 2.4 .80 .78 -.77 0 69 90

Grey 5 .60 .67 .86 6.0 .72 .87 -.55 0 69 90

Red .60 .67 .86 2.4 .65 .78 -.77 0 69 90

Sand 1.52 .1911 2.84 1.3 .76 .90 .39 0 0 0

Windshield 1.0 .52 12.04 .11 .61 .61 52 0 17 180

Shingles 1.3 .35 6.36 .05 .74 .91 -.66 0 29 90

Specular .60 .67 .86 3.0 .72 .87 -.45 0 0 0

Tire 1.198 .2986 1.3 .15 .93 .90 -.82 0 90 90

Water 1.0 1.0 11.0 47.0 .09 000 -.57 0 0 0

Window 1.0 .52 12.04 .31 .61 .61 .95 .80 67 90

w .6a. FieId Optirrlized Values

Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Asphalt 2.114 .22 5.93 3.0 .93 .93 -.50 0 0 0

Blue Wood .40 .6689 1.10 1.0 .60 .90 -.40 0 69 90

Bumper 7.833 .1111 464.4 2.0 .94 .90 .40 0 90 90

Car Roof 7.833 .1111 464.4 .25 .60 .90 .50 0 0 0

Car Side 7.833 .1111 464.4 .25 .60 .90 .30 0 90 90

Concrete 1.600 .1600 15.48 5.0 .60 .88 -.40 0 0 0

Front Black .40 .6689 1.10 1.0 .94 .90 -.30 0 90 90

Front White .40 .6689 1.10 1.0 .16 .90 -.30 0 90 90

GreenWood .40 .6689 1.10 1.0 .5 .90 -.40 0 69 90

Grey 1 .40 .6689 1.10 1.0 .30 .90 -.40 0 69 90

Grey 2 .40 .6689 1.10 1.0 .50 .90 -.40 0 69 90

Grey 3 .40 .6689 1.10 1.0 .75 .90 -.40 0 69 90

Grey 4 .40 .6689 1.10 1.0 .90 .90 -.40 0 69 90

Grey 5 .40 .6689 1.10 1.0 .70 .90 -.40 0 69 90

Red .40 .6689 1.10 1.0 .65 .90 -.40 0 69 90

Sand 1.51 .19 2.67 2.5 .60 .90 -.40 0 0 0

Windshield 2.6 .20 12.04 2.0 .18 .79 .40 0 27 180

Shingles 1.3 .35 6.36 .30 .86 .91 -.40 0 29 90

Specular .40 .6689 1.10 1.0 .50 .90 -.30 0 0 0

Tire 1.198 .2986 1.3 2.0 .95 .99 -.30 0 90 90

Water 1.0 1.0 5.13 30.0 .50 .96 -.40 0 0 0

Window 2.6 .20 12.04 2.0 .18 .79 .25 0 67 90

5.6b. Textbook ("Generic") Values

Table 5.6 June 1992 Object Parameters
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Object

Observed Meteorological Data PredictedMeteorological Data

Optimized Generic Optimized Generic

Aluminum 1 1.23 1.52 1.67 5.06

Asphalt2 2.31 4.33 5.05 8.14

Brick1 1.78 1.90 2.06 5.00

CarRoof (white)1 1.63 2.09 2.93 5.94

Car Side (white)1 2.91 4.59 2.52 4.15

CarWindow2 2.49 8.44 7.78 10.58

Concrete Panel1 1.04 1.13 1.70 5.25

RoofGravel1 1.36 1.59 1.35 5.30

Sand2 1.14 1.45 4.90 5.21

Tire2 3.36 6.22 9.49 7.28

Water 1 1.05 3.45 1.62 7.24

Windshield2 2.27 7.24 5.03 9.39

Wood Panel1 1.23 1.77 1.54 7.13

j Average Error 1.83 3.52 3.66 6.59 |
* 24 hours of data included on 15 minute centers

1 10/6/90 only (cloudy, low dynamic range)
2 Parameters optimized for 6/23/92 (partly cloudy, high dynamic range), results include
RMS errors for targets on both days

Table 5.7 RMS errors between thermistor truth and Therm prediction

values for October 6, 1990 and June 23,
1992*
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5.2.1) Radiometry submodel sensitivity

The same approach utilized for the thermal submodel tests was applied to the

radiometry submodel testing. Errors due to measurement (ideal) and prediction situations

were determined for all of the variables in the radiometry equations. The error in target

radiance reaching the sensor due to the individual variable errors was computed using
Beers'

method of error propagation. Final prediction errors in radiance reaching the

sensor were determined. This section details the methods by which each individual

variable error was determined and is followed by the error propagation results.

esB:

The emissivities ofmany objects measured by Schott et al. (1990) were used for

targets in the ray_traced scenes. Emissivities of the painted panels and the roof shingles

in the June 1992 scene were measured using the normal and angular emissometers

described by Schott et. al (1990). The resulting values are listed in Appendix B. The

error in these measured angular emissivities is listed as 0.025 emissivity units.

For targets for which no emissivity data were available, angular emissivity was

approximated by using values from similar objects which had been measured. The

resulting prediction error is estimated to be 0.05 emissivity units.

The target emissivities were measured in the wavelength band of 8-14pm.

However, the Inframetrics camera used to gather the truth imagery is sensitive in the 8-

12pm band. Data available in the literature (ref) indicate that formany targets the

emissivity is well-behaved in the
8-14pm spectral region. Therefore, it is assumed that

the emissivity in the subset
8-12pm region is equal to the emissivity measured in the

8-

14pm band, within approximately 1% error.

LT, LB, LTAB:

The error in radiance due to target temperature was determined from the error due

to the model's temperature prediction. There are three different possible errors in

temperature depending on the method used to determine target temperature. The ideal

method for obtaining object temperatures is measurement by thermistor. If no thermistor

data are available, the thermal submodel can be run using either full meteorological data

and optimum object parameters or predicted environmental variables and object

parameters as described in the thermal submodel testing section. Propagation of these
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temperature errors through Planck's equation yields the errors in radiance due to

temperature listed in Table 5.9.

Error

Type

Thermistor

(Ideal)

Therm

Measurement

Therm

Prediction

Temperature (C) 0.14 0.95 2.55

Radiance (W/m2 sr) 0.09 0.63 1.73

Table 5.8 Radiance Error Resulting from Error in Object Temperature

for an object at 300K

The shape factor is a geometric variable which can be estimated to with 5-10% of

its true value by use of a simple ray-tracing program. This program would cast rays from

the facet to determine an approximate percentage of the sky the facet 'sees'. A

conservative estimate for this ideal case was set at 10%.

The version ofDIRSIG used for this project did not contain the program

described above (Version 2.2.1 does incorporate this shape factor computation). A

conservative estimate of 20% for user estimation of shape factor was used for the

prediction error.

Es/7i;*tl*cos(0):

In the thermal region of the electromagnetic spectrum, the exoatmospheric solar

radiance (Es )is essentially zero. Therefore, the error in the direct solar insolation term

(grouped as Es/7t*Tl*cos(0))was also set at zero.

An estimate of the error ofLowtran's prediction of solar insolation for other

passbands such as the 3-5pm and visible regions was determined by comparison with the

pyronometer data taken during the data collections. The direct solar insolation reaching a

sensor which is sensitive in the 0.285-2.8pm region, mimicking the pyronometer

sensitivity, was predicted by LOWTRAN7 (cf. Figures 5.1 and 5.2). The RMS error

between the pyronometer data and these predicted values was then computed. A percent

error was determined by dividing the RMS error by the range in insolation values. It is

assumed that the prediction error in other passbands is proportional to this percent error.
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Lowtran predicts well on well-behaved, cloud-free days, with an average percent

error of 17.7%. However, errors as high as 50% arise for cloudy day predictions as

shown in Figure 5.2. One factor in this problem is that the cloud definitions in the

Lowtran program are not easily referenced to typical meteorological cloud types recorded

during the data collections. A future improvement to themodel would include a

correlation between recorded cloud type and coverage and Lowtran cloud definitions.
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Figure 5.1 LOWTRAN Prediction ofTotal Insolation vs. Pyronometer Truth

October 5&6, 1990
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Figure 5.2 LOWTRAN Prediction ofTotal Insolation vs. Pyronometer Truth

October 6&7 1987
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Directional downwelled radiance measurements were made on awavelength by

wavelength basis with an Infrared Systems Spectroradiometer during the June 1992 data

collection. Measurements were made at zenith angles of 8, 30, 45, 60, and 90 degrees, at

each azimuth angle of 0, 90, 180, and 270 degrees. The data recorded in the thermal

region is included in Appendix C. Figure 5.3 contains plots of the actual

spectroradiometermeasurements (integrated over 8-12pm) and Lowtran's predictions of

directional downwelled radiance. Measurement (ideal) error was determined to be 2%

from the available spectroradiometer documentation.

Measurements were made at four different times during the collection: 4:00pm

and 10:00pm on June 22, and 8:00am and 4:00pm on June 23. June 22 was a relatively

cloud-free day as evidenced by the low errors in Lda in Figures 5.3a and 5.3b. As with

the direct insolation, Lowtran has problems predicting downwelled radiance when clouds

are present. In Figures 5'.3c and 5.3d, note the biased truth values due to the warm clouds

present on June 23 which Lowtran did not accurately model.

The average prediction error for directional downwelled radiance was computed

to be 2.64W/m2
sr when no clouds are present. Prediction error of downwelled radiance

is assumed to be proportional to the errors in directional downwelled radiance over all

zenith and azimuth angles. The percent error for both Ld and
Lda is 18.8% (for cloud-

free prediction), and for cloudy days this error is as high as 60%.

Lu> Luhat>
^2'

Surface radiance and truth imagery measurements were performed on July 28,

1992. The same scene used during the June 1992 collection was imaged by the

Inframetrics camera to collect truth imagery. Every hour from 9:30am to 4:30pm, the

radiance leaving the surface of five targets in the scene was measured on the ground

using a hand-held field radiometer sensitive in the
8-14pm region. At the same time, the

scene was imaged from the Center for Imaging Science roof by the Inframetrics camera.

Digital counts of the targets measured on the ground were extracted from the images.

The radiance reaching the sensor was computed from the digital counts using blackbody

calibration data as described in section 4.1 and as follows:
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Figure 5.3 8-12pm Directional Downwelled Radiance June 22-23, 1992

Spectroradiometer Truth vs. LOWTRAN7 Prediction as functions of elevation angle

Where:

DC = mLsensor + b

Equation 5.1

DChiph - DCiow

Lhigh
~ Liow

b = DChi -

mLiow

DChigh =DC of blackbody at high temperature of 50C

DC low
= DC of blackbody at low temperature of 10C

Lhigh = Radiance in 8-12pm band corresponding to high temperature

Liow = Radiance in 8- 12pm band corresponding to low temperature
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Target-sensor transmission and upwelled radiance values were computed for each

hour based on the relations in Equations 5.2 and 5.3.

Lground = L,T + i"Ld

Equation 5.2

L-sensor= J-ground^2 + Lrj

Equation 53

Where: Lground = Radiance leaving the target at the ground (measured at ground)

Lsensor = Radiance reaching the sensor (extracted from imagery)

e = Emissivity of the target

Lj = Radiance due to the target's temperature

r = Reflectance of the target

Ld = Downwelled radiance

\i = Target-Sensor transmission

Lu = Upwelled radiance

The ground and sensor radiance values for all targets were plotted against each

other as shown in Figures 5.4a - 5.4c. The slope of the resulting line is Vi and the
y-

intercept is Lu-

Variations in the surface leaving radiance due to wind, changing cloud cover, and

the angle at which the radiometer was held during target radiancemeasurement resulted

in a large margin of error in the ground radiance values. These errors caused slight

variations in the slope (T2) f the resulting plots. Because the y-intercept is very close to

zero, these slope variations resulted in high variability in the y-intercept value.

Therefore, although the T2 errors were tolerable, the computed Lu values were

unacceptable. The error between Lowtran's prediction of T2 and the measured T2 values

is 0.03. The measurement (ideal) error in T2 was estimated at 0.03 due to the

measurement variability described above.

Due to the similarity of the physics involved in modeling upwelled and

downwelled radiance, it is assumed that the errors in Lowtran's prediction of upwelled

and directional upwelled radiance are proportional to the prediction errors of downwelled

and directional downwelled radiance. The available literature (Schott et. al., 1990)

indicate that this assumption holds true in many scenarios.
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Os, Ob:

As in the thermal submodel testing, measurement errors of the target-sun path

angles for both primary and background targets were estimated at3, while prediction

errors (for unmeasured or simulated targets) were estimated to be +7.5.

It> Ib:

Investigation of the shadows in the visible images taken during the data

collections and the ray-traced shadows in DIRSIG output images indicate that the ray-

tracer correctly predicts the placement of sun shadows over time. Therefore, the error in

the sun/shadow history terms was set to zero.

The following section describes the radiometry error propagation and contains a

complete summary of the values of the errors determined above.
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5.2.2) Radiometry Error Propagation Results

The following are the results from the sensitivity testing of the radiometry

submodel, using
Beers'

method of error analysis as described in section 4.4.1. A detailed

listing of the error propagation for all scenarios described below can be found in

Appendix D.

For each scenario, four error types were defined: ideal (I), Therm measurement

(M), Therm prediction (P), and clouds (C). Ideal errors (I) are the errors which would

result if all of the radiometry variables were measured by the experimentor. They

illustrate the best case scenario possible. However, these errors do not represent a

realistic case for running DIRSIG and therefore serve only as a reference base for the

other cases.

Therm measurement errors (M) include all prediction errors for the radiometry

equation terms, except for terms involving object temperature. In this case, the error in

radiance due to target temperature is equivalent to the error in object temperature when

Therm predicts the temperatures using full environmental data and optimal object

parameters.

Therm prediction errors (P) include predicted errors for all variables including the

temperature error resulting from Therm's use of predictedweather data and generic object

parameters. The only difference between theM and P errors used here is the error

associated with object temperature prediction. The measurement error (M) includes

optimized Therm temperature predictions, while the prediction errors (P) include Therm

predictions using generic input variables as discussed in section 5.1. Both cases include

the prediction errors determined for all other radiometry variables as described in the

previous section. These two cases involving Therm predictions represent the most

realistic situations DIRSIG would be used in. That is, a scene is to be simulated in which

Therm will be used in its optimal or generic temperature prediction mode and the

atmosphere is to be modeled by LOWTRAN7.

The final error set, clouds (C), includes errors induced in the radiometric variables

by LOWTRAN7 when clouds were present in the actual scene. As discussed earlier,

LOWTRAN7 has great difficulty making accurate predictions when clouds are present.

Table 5.9 below is a summary of the error values assigned to each variable in the four

cases described above.
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Error

Type

s,eB Lt,Lb,

Ltab

F EsT.1

cos(0)

LD,
lda

Lu, LWA
T2 0s,0b It, Ib

Ideal 0.025 0.09 10% 0.20% 2.0% 2.0% 0.03
3.0

0

Measured 0.05 0.63 20% 17.7% 18.8% 18.8% 0.03
7.5

0

Predicted 0.05 1.73 20% 17.7% 18.8% 18.8% 0.03
7.5

0

Cloud 0.05 1.73 20% 50% 60% 60% 0.03
7.5

0

Table 5.9 Individual Variable

A representative situation was used to test each ray-interation case. For case 1, a

ray hitting a diffuse target, grass was used as the target Water was the object for case 2,

a specular bounce to sky. For a specular bounce to background, case 3, a ray bouncing

from asphalt to a car door background was used. For case 4, a missed scene (ray cast to

sky), there is only one term in the radiance equation,
Lda (cf. Eq. 2.4). Therefore, the

resulting radiance error is simply equal to the error in directional downwelled radiance.

Two scenarios were used for the error testing, each having the representative

cases for each ray-interaction type. The first scenario was a simulation of the rooftop

scene used during the experimental data collections. The second scenario was a

simulation of an airborne sensor flying at 3,000 feet. Figure 5.5 illustrates the
ray-

interaction cases and test scenarios. Table 5.10 contains the resulting error in radiance

reaching the sensor (equivalent apparent temperature is listed in parentheses)
for each

ray-interaction case and test scenario. The values used for the individual variables and

error terms in all of the different ray-interaction cases and scenarios can be found in

Appendix D.

Case 1 Case 2 Case 3

Scenario I M P c I M P c I M P c

Rooftop 1.28

(1.92)

1.95

(2.93)

2.38

(3.57)

2.43

(3.65)

.95

(1-43)

1.46

(2.24)

1.90

(2.85)

2.32

(3.48)

1.26

(1.89)

1.45

(2.18)

2.04

(3.06)

2.01

(3.02)

Air

borne

1.22

(1.83)

1.80

(2.70)

2.18

(3-27)

2.80

(4.20)

.90

(135)

1.46

(2.24)

1.76

(2.64)

2.77

(4.16)

1.23

(1.85)

1.36

(2.04)

1.88

(2.82)

2.47

(3.71)

Table 5.10 Radiometry Submodel Error Propagation: Total Error in Radiance

Reaching the Sensor (Equivalent Temperature Error in Parentheses)
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Airborne Scenario

Rooftop
Scenario

Case 4

Figure 5.5 Ray-Interaction Cases and Test Scenarios

for Radiometry Submodel Testing

All errors were assumed independent except for X2 and Lu, which are inversely

correlated. The correlation coefficient between these two terms was determined to be -

0.8381 (cf. Eq. 4.2). The cross-term shown in Equation 5.4 was added to the error

propagation equations as described in section 4.4 and as illustrated in Equation 4.4.

Crossterm = px2LU
* * *

si2
*
sLU

8x2 6LU

Equation 5.4

When LOWTRAN7 predicts the atmospheric terms for the radiometry equations,

if T2 is predicted above its true value, the predicted Lu value will be smaller than its true
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value, and vice versa. Therefore, as the error in one term increases, so does the error in

the other term. Although these errors offset each other in the computation of radiance

reaching the sensor,
Beers'

method of uncorrelated error propagation does not

acknowledge it Instead, the errors become additive, resulting in an exaggerated error in

the radiance reaching the sensor. The negative correlation coefficient (and thus negative

cross-term) helps to reduce this inflation of the error in radiance.

As expected, the error in radiance reaching the sensor is lowest when computed

from the ideal errors and increases to its highest value when cloud errors are used. Note

that the errors in output radiance are lower for the airborne sensor simulation than for the

rooftop simulation for all error types except clouds (Q. This is due to the larger Lu term

for the airborne sensor. The upwelled radiance term is larger because of the longer target

to sensor path length, and thus the Lu error term (computed as a percentage of the Lu

term) is larger. This larger Lu error results in a larger cross-term which is subtracted

from the other errors, resulting in a lower final radiance error for the airborne simulation.

For cloud errors, the resulting radiance errors are lower for the rooftop simulation

than for the airborne sensor. In this case, the downwelled radiance term and error value

are much larger for the airborne simulation, resulting in larger final radiance error.

5.2.3) Individual Variable Sensitivity

The discussion in this section includes the radiometry submodel's sensitivity to

errors in the individual input variables. The focus will be on the two error cases

involving Therm optimal and generic temperature prediction with no clouds present. As

stated earlier, these two cases represent the most common usage ofDIRSIG and are

therefore of the most interest for error propagation studies.

Tables 5.1 la and 5.1 lb list the individual radiance error contributions of each

variable for all of the cases and error types (equivalent temperature errors are listed in

parentheses). Tables 5.12a and 5. 12b list the percent error contribution for all ray-

interaction types for the two cases of interest: Therm's two methods of temperature

prediction. Note that a combined percent error contribution is listed for the correlated

variables upwelled radiance and target-sensor transmission. In addition, Tables 5.13a and

5. 13b list the ranking for each variable's contribution to the total error for all ray-

interaction types for the two cases of interest.
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Rooftop Scenario

Case 1 Case 2 Case 3

Variable I M P C I M P c I M P c

e .70

(1.05)

1.40

(2.10)

1.40

(2.10)

1.40

(2.10)

.57

(.86)

1.15

(1.73)

1.15

(1.73)

1.15

(1.73)

31

(.47)

.62

(.93)

.62

(.93)

.62

(.93)

LT .08

(.12)

.53

(-80)

1.47

(2.21)

1.47

(2.21)

.06

(.09)

.43

(.65)

1.18

(1.77)

1.18

(1.77)

.08

(.12)

.56

(.84)

1.54

(2.31)

1.54

(2.31)

F .38

(-57)

.75

(1.13)

.75

(1.13)

.75

(1.13)
Ld,Lda

.03

(.05)

.28

(.42)

.28

(.42)

.63

(.95)

.07

(.11)

.65

(.98)

.65

(.98)

1.47

(2.21)

T2
1.0

(1.50)

1.0

(1.50)

1.0

(1.50)

1.0

(1.50)

.75

(1.13)

.75

(1.13)

.75

(1.13)

.75

(1.13)

1.22

(1.83)

1.22

(1.83)

122

(1.83)

1.22

(1.83)
Lu^ir^

.02

(.03)

.16

(.24)

.16

(24)

.54

(.81)

.02

(.03)

.16

(.24)

.16

(.24)

.54

(.81)

.02

(.03)

.16

(.24)

.16

(24)

.16

(.24)

eB
.11

(.17)

23

(.35)

23

(.35)

23

(.35)

L-TB .01

(.02)

.05

(.08)

.13

(.20)

.13

(.20)

1.28

(1-92)

1.95

(2.93)

2.38

(3.57)

2.43

(3.65)

.95

(1-43)

1.46

(2.24)

1.90

(2.85)

2.32

(3.48)

1.26

(1-89)

1.45

(2.18)

2.04

(3.06)

2.01

(3.02)

Table 5.11a

Airborne Scenario

Case 1 Case 2 Case 3

Variable I M P C I M P c I M P c

e .629

(2)

1.259

(1)

1.259

(2)

1.259

(3)

.516

(2)

1.032

(1)

1.032

(1)

1.032

(4)

.280

(2)

.560

(3)

.560

(4)

.560

(4)
LT .069

(5)

.480

(5)

1.318 1.318

(2)

.055

(4)

.386

(5)

1.060

(1)

1.060

(3)

.072

(4)

.504

(4)

1.383

(1)

1.383

(1)
F .338

(3)

.676

(3)

.676

(4)

.676

(5)
LD,LDA

.031

(6)

.278

(6)

.278

(6)

.628

(6)

.065

(3)

.588

(4)

.588

(5)

1.327

(2)

T2
1.01

(1)

1.01

(2)

1.01

(3)

1.01

(4)

.753

(D

.753

(2)

.753

(3)

.753

(5)

1.216

(D

1.216

(1)

1.216

(2)

1.216

(3)
Lu,LuA

.071

(4)

.636

(4)

.636

(5)

2.12

(1)

.070

(5)

.636

(3)

.636

(4)

2.120

(1)

.020

(5)

.636

(2)

.636

(3)

2.120

0)

b
.102

(3)

.204

(5)

.204

(5)

.204

(5)
Ltb

~~~ """

.006

(6)

.043

_(6)

.119 .119

-J6)

L 1.22

(1.83)

1.80

(2.70)

2.18

(3.27)

2.80

(4.20)

.90

(1.35)

1.46

(2.19)

1.76

(2.64)

2.77

(4.16)

1.23

(1.85)

1.36

(2.04)

1.88

(2.82)

2.47

(3.71)

Table 5.11b

Table 5.11 Error Contributions and Rankings for Radiometry Variables
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Rooftop Scenario

Case 1 Case 2 Case 3 Average

Variable M P M P M P M P

51.6 34.6 54.4 36.3 18.4 9.3 41.5 26.7

LT 7.5 39.0 7.6 38.3 15.0 56.8 10.0 44.7

F 14.9 10.0 14.9 10.0
Ld,Lda 2.0 7.0 17.6 11.8 9.8 9.4

X2.Lu(A)
24.0 9.4 20.4 13.6 64.0 32.3 36.1 18.4

b 2.5 1.2 2.5 1.2

Ltb 0.1 0.4 0.1 0.4

Table 5.12a

Airborne Scenario

Casel Case 2 Case 3 Average

Variable M P M P M P M P

e 49.2 33.5 49.9 34.3 17.0 8.9 38.7 25.6

LT 7.2 36.7 6.9 36.2 13.8 54.4 9.3 42.4

F 14.2 9.7 - 14.0 29.7
Ld,Lda 2.0 1.3 16.2 11.1 9.1 6.2

T2.Lu(A)
27.4 18.8 27.0 18.4 66.8 35.1 40.4 24.1

b
2.3 1.2 2.3 1.2

Ltb -- 0.1 0.4 0.2 0.4

Table 5.12b

Table 5.12 Percent Error Contributions for Radiometry Variables

Rooftop Scenario

Casel Case 2 Case 3 Average

Variable M P M P M P M P

e 1 2 1 2 2 3 1.33 2.33

LT 4 1 4 1 3 1 3.67 1.00

F 3 4 ~ 3.00 4.00
LD,LDA 5 5 3 4 - 4.00 4.50

x2
2 3 2 3 1 2 1.67 2.67

Lu,LwA 6 6 5 5 5 5 5.33 5.33

b
4 4 4.00 4.00

Ltb 6 6 6.00 6.00

Table 5.13a
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Airborne Scenario

Casel Case 2 Case 3 Average

Variable M P M P M P M P

1 2 1 2 3 4 1.67 2.67

LT 5 1 5 1 4 1 4.67 1.00

F 3 4 3.00 4.00
LD,LDA 6 6 4 5 5.00 5.50

x2
2 3 2 3 1 2 1.67 2.67

LuXtr^ 4 5 3 4 2 3 3.00 4.00

b
~ 5 5 5.00 5.00

Ltb 6 6 6.00 6.00

Table 5.13b

Table 5.13 Error Contribution Rankings for Radiometry Variables

For the Therm prediction method (P), in all cases, the error in target radiance due

to temperature is the largest contributor to the error in final radiance (43.6% average over

the three ray-interaction cases). This result emphasizes the need for accurate temperature

prediction. When the error in this term is lowered, as in the Thermmeasurement error

case (M), the primary error contributors become the error in target emissivity (40. 1%)

and the combined Lu, T2 term (38.3%). Themajority of error in the combined term is

due to error in XI. A distant third contributor is the error in shape factor (14.6%).

The emissivity error can be reduced by expanding the database of existing

measured emissivities. Recall that the measurement error of emissivity is half the

prediction error. Reduction of this error results in approximately a 50% reduction in the

emissivity error contribution to final radiance error (cf. Tables
5. 1 la and 5. 1 lb, ideal

error results). As a result, the error in final radiance would be reduced by 20% when

measured emissivity values are used.

To reduce the error in X2, LOWTRAN7's prediction of atmospheric variables

must be optimized. The intervening atmosphere can be well defined by using radiosonde

data either from the location and day being predicted or data characteristic of the day

being modeled. The inversion layers near the earth's surface can be corrected by using air

temperature, air pressure, and dew point values measured on the ground, as described in

section 2.3.4. Predictions made for clear, cloud-free days should also have reduced error
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in not only XI, but the upwelled and downwelled radiance terms as well when compared

to predictions for cloudy days.

The error in shape factor can be greatly improved. At the moment, the shape

factor of a facet is set to one unless changed by the user. A search routine could be

devised which would cast out rays from the target at different angles and directions. This

routine could determine any neighboring occluding objects and compute an estimate of

the percentage of sky the facet 'sees', thus eliminating any guesswork on the user's part.

Overall, the most important consideration for final radiance error reduction is

accurate temperature prediction. Primarily, object parameters must be well defined.

When at all possible, measured data should be used. Suggestions for improvement

include a more advanced thermalmodel which would include temperature effects from

adjacent objects, shadowing effects, and still be based on first principle physics for ease

of object parameter determination. Another improvementwould be automatic

computation of shape factor by a routine within DIRSIG as discussed earlier. Increasing

the available database of not only emissivity values, but all object parameters would also

aid in error reduction by eliminating the guesswork in assigning facet parameters.

Now that the theoretical error contributions have been determined, the next

section will discuss actual radiance errors determined from comparison of truth and

DIRSIG prediction images.

53.1) DIRSIG Image Evaluation

This section will discuss true radiance errors determined from DIRSIG images

with reference to the theoretical radiance errors discussed earlier. In addition, image

contrast and flaws in the prediction images will be discussed.

Table 5.14 lists the RMS and percent radiance errors as well as equivalent

temperature errors determined for nine targets in the DIRSIG predicted images for June

1992. Percent error was calculated as the RMS error divided by the range of radiance

values over time. The plots in Figure 5.6 are illustrations ofDIRSIG predicted and truth

radiances as a function of time for selected objects. As noted in Table 5.14, the average

predicted radiance error for the June images is 2.98 W/m2-sr (4.47 C).
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Target Radiance RMS

Error (W/m2-sr)

Equivalent Temp.

RMS Error (C)

% Radiance Error

Asphalt 2.29 3.44 9.12

White House Side 2.92 4.38 13.46

Black House Side 3.43 5.15 11.75

House Roof 3.03 4.55 8.54

CarWindow 3.74 5.61 22.26

CarDoor 4.53 6.80 16.78

Car Tire 3.78 5.67 13.26

Car Roof 2.07 3.11 7.26

Water 1.00 1.50 13.33

Grass 3.14 4.71 24.15

Average 2.98 4.47 13.99

Specular Bounce to

Background

3.68 5.52 15.50

Specular Bounce

to Sky

2.10 3.15 9.56

Table 5.14 Temperature and Radiance RMS & Percent Errors

for DIRSIG Prediction Imagery June 1992

Note that errors are only listed for facets with two ray interaction types: specular

bounce to background and specular bounce to sky. The sky is not present in any images,

thus eliminating any missed scene cases. The only diffuse object
in the scene is grass. In

this case, the resulting radiance error is high, (cf. Figure 5.7) due to inaccurate

temperature prediction . Grass temperatures coud not be easily recorded during the data

collections and therefore the objects parameters input to Therm could not be optimized.

The result is a high error in temperature and thus a high predicted radiance error.
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Figure 5.6a Water Radiance June 1992
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Figure 5.6b Car RoofRadiance June 1992
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Figure 5.6c Asphalt Radiance June 1992

Figure 5.6 DIRSIG Prediction vs. Truth Radiance June 1992
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Also note that the radiance errors listed in Table 5. 14 are only for the June data

collection. The results of the predictions for the October collection are a case in point for

the problems encountered with LOWTRAN7's cloud predictions. Figures 5.8a and 5.8b

are, respectively, the target temperature and radiance reaching the sensor plots for

DIRSIG prediction and truth for the asphalt in the October collection. As can be seen

from Figure 5.8a, Therm's temperature predictions are very accurate (RMS error =

0.85C). However, the predicted radiance values for the asphalt have a large added bias.

The ray-interaction type for this facet is a specular bounce to the sky. If the target

temperature prediction is not the major source of radiance error, two possibilities remain:

downwelled and upwelled radiance. Upwelled radiance is a relatively small term based

on the short target to sensor path length, leaving downwelled radiance as the only major

source of error.

As discussed in section 5.2.1, LOWTRAN7 predicts very poorly when clouds are

present, as was the case on October 6, 1990. This was a cloud covered day and

LOWTRAN7 was told that clouds were present in order to reduce the total visible

insolation prediction error (cf. Figure 5.1). The bias in predicted radiance observed in

Figure 5.8b is characteristic of errors caused by overprediction of clouds (and therefore

higher downwelled radiance). To double check that this was indeed the problem,

LOWTRAN7 was then told that no clouds were present, and DIRSIG was rerun resulting

in the predictions shown in Figure 5.8c. In this case, the predicted radiance is too small.

This is the expected result: the predicted downwelled radiance term is reduced by the

absence of clouds and thus the final radiance for a specular bounce to sky is lower. In
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reality, the amount of downwelled radiance the facets received is somewhere between the

two prediction cases illustrated here. Without better knowledge ofLOWTRAN7's

40 -i

Time

Figure 5.8a Asphalt Temperature October 1992

50 n

Truth

Thick Line - Dirsig

Time

Figure 5.8b Asphalt Radiance October 1992

601

Truth

- LOWTRAN7 with Clouds

LOWTRAN7 w/o Clouds

0 10 Time 20 30

Figure 5.8c October 1990 Radiance Truth & LOWTRAN7 Cloud Predictions

Figure 5.8 Asphalt Temperature and Radiance Predicted vs. Truth

for Lowtran Cloud Prediction Tests, October 1990
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treatment of clouds, the correct downwelled radiance term can only be determined by trial

and error. This case reinforces the need to better understand LOWTRAN7's use of clouds

in order to improve upon DIRSIG's predictions when clouds are present.

In theory, the errors listed in Table 5.14 should be comparable to those predicted

for the Thermmeasurementmode (M) in the radiometry error propagation section.

However, June 23 was a partly cloudy day with cloud amounts increasing during the

afternoon. Therefore, the results listed in Table 5. 14 are more comparable to a

combination of theM and C propagation methods. Itmust be notes that the theoretical

error propagation serves more as a sensitivity indicator than as a predictor of absolute

radiance error. Recall that representative situations were chosen for the error propagation

for each ray-interaction type. One target at one time of day was chosen for each ray-

interaction case. The error values listed for the theoretical propagation are then

dependent on the objects chosen and the time of day simulated. The errors determined

for the DIRSIG predicted images are RMS errors: averages over time and overmany

objects. The RMS errors give a measure of the model's prediction accuracy while the

theoretical propagation gives an indication of the model's sensitivity to individual input

parameters. Therefore, it is not appropriate to make direct comparisons between these

RMS errors and the theoretical errors.

In order to make direct comparisons, the error propagation should be run with a

variety of objects representing each case and different times of day. For now, the

predicted and truth radiances for the specific cases and times used during the theoretical

propagation can be compared to the propagation results. Table 5.15 is a listing of the

radiance values and errors determined from the actual imagery and the theoretical

propagation for the two specular ray_interaction cases.

Ray_interaction Truth Radiance DIRSIG Observed Theoretical

Type (W/m2-sr) Radiance Radiance Radiance

(W/m2-sr) Difference Error

Case 2: Water 29.61 29.47 0.14 1.56

(11:45 am)

Case 3: Asphalt to 36.77 39.70 2.93 1.45

Car(10:00 am)

Table 5.15 Radiance Values and Errors: Actual and Theoretical
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For Case 2, the theoretical error is much higher than the observed error. This may

be due to the choice of the target: water. The object parameters were very well known for

water, resulting in a low temperature error of 1.05C (cf. Table 5.7). In fact, for 1 1:45 am

(the time used for the theoretical propagation) the water temperature prediction was

almost exactly the same as the true water temperature. Therefore, the resulting radiance

error was also very low.

For Case 3, the actual error is much greater than the theoretical error. This is

mainly due to the binary specularity problem discussed below. Overall, a much more

robust study including a variety of targets and imaging times is necessary before

comparisons can bemade between the theoretical and actual radiance errors.

The errors determined from the predicted images are higher than expected: Case 2

error (specular bounce to sky) is 2.10W/m2-sr (3.15 C) and Case 3 error (specular

bounce to background) is 3.68W/m2-sr (5.52 C). There are several factors which

contribute to this unexpected additional error in DIRSIG radiance predictions: DIRSIG

definition of specularity, temperature prediction errors due to inaccurate object

parameters and geometry errors resulting in incorrect facet azimuth, and the presence of

clouds on the afternoon of June 23, 1992.

A large source of prediction error is caused by binary specularity values assigned

to each facet. At present, a facet can only be defined as being perfectly specular or

diffuse. Few real objects truly exhibit this type of behavior. In many cases, an object is

partly diffuse with a specular component as illustrated
in Figure 5.9.

This binary specularity leads to overprediction of radiance reaching the sensor for

specular facets with reflection to a background. For example, the asphalt in the car's

shadow is considered by DIRSIG to be specular, with the car acting as the background.

The result of a completely specular solution for the radiance reaching
the sensor is a

distinct
'halo'

of the car on the asphalt. Observe the afternoon DIRSIG prediction images

for June 23, 1992 (2:00-5:00pm) at the end of this chapter. These figures illustrate this

halo effect.
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ere.

Totally Specular Totally Diffuse

Combination of

Specular & Diffuse

Figure 5.9 Illustration of Specularity Types

This is not to say that the specularity phenomenon does not occur in real life.

Included in the images at the end of the chapter are the truth images taken during the June

1992 data collection. Although the halo effect in the truth afternoon images is not as

profound, it is still present Figure 5.10a is a graph of truth and predicted radiances

reaching the sensor vs. distance from the car's rear tire. The radiance values were

determined from the 2:00pm images. As can be seen in this graph, the predicted halo is a

distinct, overemphasized step function. The truth halo is a more subtle, gradual change.

Note that the drop in predicted radiance occurs earlier than the drop in truth

radiance. This is not an error in DIRSIG, but a geometry error. The car in the AutoCAD

scene is facing due north, whereas the car in the experimental scene was turned slightly

from north. The resulting effect is an error in the position of the car's projected shadow

on the asphalt. In this case, the shadow stretches farther in the predicted images than in

the truth images.

A solution to this binary specularity problem is to make specularity a fraction. In

this case, both the diffuse and specular solutions would be computed for a facet and then

combined proportionally, based on the specularity value. For example, the diffuse and

specular solutions were computed for asphalt in and out of the halo for 2:00pm. These

two solutions were averaged (ie. specularity
= 0.5), resulting in a new, combined radiance

value . Figure 5.10b illustrates the radiance computed from this combination along with

a correction for the geometric azimuth error. In this figure it can be seen that the halo

radiance value was lowered while the value of the asphalt radiance outside of the halo

was raised. The result is a reduction in the contrast between the asphalt and the halo,

which more accurately models the true halo phenomenon.
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Figure 5.10a Predicted and Truth Halo Contrast
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Figure 5.10b Predicted, Truth, and New Combination Halo Contrast

Returning to the errors listed in Table 5.14, it can be seen that the facets which are

modeled as specular bounces to background have higher errors than the facets which are

specular bounces to sky. Therefore, it can be assumed that if a solution for the binary

specularity problem is implemented, the overall predicted radiance error will be reduced.
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The temperature prediction error for the June 1992 scene targets is 1.83C. This

is the RMS error between the thermistormeasured temperatures and Therm's optimized

temperature predictions. Note that this numberwas not used for the theoretical error

propagation (cf. Table 5.8). This is due to the fact that the error propagation was

performed prior to completion of data testing for the June collection. This number is an

approximate average of the values used for theM and P error propagation cases. As

such, it can be inferred that the error contribution of this temperature error is an average

of the contributions for theM and P cases. From Table 5.12a, the average percent error

contribution for an error in Lj of 1.83C is approximately 27% (M error: 10.0%, P error:

44.7%). This error is mostly due to incorrect object parameters defining the targets in the

scene.

In addition, the geometry errormentioned earlier which resulted in error in the

car's azimuth increases the the error in the final radiance values for the car and

surrounding objects. As discussed in section 5. 1.2, azimuth error is a major contributor

to predicted temperature error. Again, temperature accuracy has a large impact on

predicted radiance accuracy. Care should be taken when laying out the scene for the

geometric database. Mistakes in the size and placement of targets can have an impact on

the final model accuracy due to shadowing and shape factor influences.

Note the rise in predicted radiance in the afternoon which does not model the truth

radiance for the car door in Figure 5. 1 la. This phenomenon is observed for all east

facing perpendicular facets in the June scene. The error can be traced back to Therm's

temperature predictions for these facets. When reporting the type and percentage of

clouds present for a given time of day, no direction or location of those clouds is required

by Therm. Therefore, the program assumes that all facets (regardless of the direction

they are facing)
'see'

the clouds.

This was not the case on June 23. During the afternoon (at approximately

1:00pm), clouds began to move into the area from the west The east facing facets did

not
'see'

the clouds until approximately 5:00pm, when the entire sky was covered. Therm

bases its temperature predictions partially on the amount of sky radiance a facet receives.

Clouds are warmer than open sky, and therefore a facet receives more radiance from a

cloudy sky than from a clear sky. Therm assumed that the east facing facets were

receiving more radiance from the sky (from the clouds which were located in the west)

than they actually were. Thus, the temperatures and radiances of the east facing facets
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were overpredicted during those afternoon hours, as illustrated in Figure 5. 1 1. This error

can be improved by the addition of clouds in the DIRSIG scenes. A future improvement

is planned in which clouds will be included in the predicted scenes. The clouds will be

given thickness and opacity values which will allow the program to
'look'

through clouds

and model the radiance a facet receives from a cloudy sky.
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Figure 5.11 Car Door Temperature and Radiance Predicted vs. Truth June 1992

As a final note, the constant shape factor value will also increase the error in

predicted radiance. As stated earlier, shape factor is one for all facets, unless changed by

the user. Obviously, the proximity of the building reduces the shape factors of all targets

in the scene. Facets with slopes greater than zero, or adjacent to the car have even

smaller shape factors. The perpendicular facets facing the building and the facets near

the car have the highest error in shape factor. As indicated in the discussion in section

5.2.3 and Table 5.13, error in shape factor is a major contributor to the final radiance

error.
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Inspection of the radiometry equations 4.1 - 4.4 indicates that shape factor is not a

variable for specular facets. However, the binary specularity solution of combining

diffuse and specular radiance calculations to compute the final target radiance will

incorporate shape factor errors. Version 2.2. 1 ofDIRSIG contains a shape factor

calculation which shouldminimize this error. Therefore, although shape factor errors do

not influence the radiance errors determined here, they will have an effect on future

predictions once the specularity solution is implemented.

Overall, a large portion of the error observed in this simulation can be remedied

by the specularity solution discussed earlier and careful attention paid to target object

parameters, scene geometry, and cloud positions. The next section will discuss image

quality in terms of contrast, ie. with all of the error in predicted radiance, how well does

DIRSIG predict the contrast between objects in the scenes?

5.3.2) Image Contrast

The contrast of an image defines how well objects can be differentiated from one

another. In many cases, the accuracy of the radiance values doesn'tmatter as much to the

user as the accuracy of the contrast between objects. High radiance errors may be

acceptable to the user if the program is still representing the image contrast correctly. In

this section, contrast will be represented in three manners: contrast rankings, RMS

contrast error and percent contrast error, and pictorially.

Figures 5.12-5.15 are contrast rank plots for the specular targets from the June

collection for three different times of day: 8am, noon, and 4pm. The predicted radiance

was plotted against the true radiance in Figures 5.12, 5.14, and 5.15. Figure 5.13 is a

contrast plot for equivalent temperatures for the same objects in Figure 5.12. Ideally, the

points should fall in a straight line if the predicted radiance (temperature) matches the

true target radiance (temperature).

With all eight targets included, DIRSIG correcdy predicts the high and low ends,

but has some errors in the mid-range radiance values. Figures 5.14a-c are plots of those

mid-range radiance values with the theoretical error bars (determined in section 5.2)

included. Note the overlap of the error bars which indicates that the predicted contrast

between the targets is within the theoretical predicted limits.
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Part of the error in contrast is due to the bias error induced by the specularity

problem with ray-interaction types of specular bounces to background. Note the lines

indicating correct contrast drawn in Figures 5. 12a-c. The four targets which are specular

bounces to background fall above this line. If only the targets which are specular bounces

to sky are considered (cf. Figures 5.15a-c), the predicted contrast is correct, with slight

overlap for the mid-range radiances at noon. This result indicates thatDIRSIG does

correctly predict target contrast for some objects. When the specularity problem is fixed,

DIRSIG's predictions should improve.

Percent contrast can be defined as follows:

RMS Contrast Error
% Contrast Error =

Scene Dynamic Range

where:

X{(L!-L2)-(LArL \ }
RMS Contrast Error = I -=-1 i-i-

N

where: Li and L2 are truth radiance values for object 1 and object 2

LiA
and

L2A
are predicted radiance values for object 1 and object 2.

Table 5. 16 is a listing of RMS contrast error, dynamic range, and percent contrast

error values computed between the truth and DIRSIG images for the June collection.

Total percent contrast is the sum over all difference pair combinations of the targets in the

scene at one point in time. Case 2 percent contrast only includes target combinations

with ray_interaction type of specular bounce to sky. Case 3 includes only specular

bounce to background target combinations.
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All Targets Case 2 Targets Case 3 Targets

Time Dynamic

Range

RMSC.

Error

%C.

Error

RMSC.

Error

%C.

Error

RMSC.

Error

%C.

Error

0
5.364 2.005 .374 1.529 .285 1.276 .238

1
5.408 1.588 .294 .609 .113 1.275 .236

2
4.276 1.606 .376 .776 .181 1.516 .355

3
4.411 1.584 .359 .639 .145 1.412 .320

4
4.200 1.234 .294 .669 | .159 1.039 .247

5
3.040 1.390 .457 1.051 .346 1.435 .472

6
5.840 1.522 .261 1.378 .236 .830 .142

7
16.799 4.911 .292 1.321 .079 5.069 .302

8
19.394 3.593 .185 .862 .044 3.217 .166

9
23.704 5.170 .218 4.500 .211 5.632 .238

10
26.086 5.192 .190 4.927 .189 5.473 .210

11
29.239 4.845 .166 3.4950 .120 5.860 .200

noon
26.848 3.338 .124 4.052 .151 2.074 .077

1
23.000 4.877 .212 3.355 .146 2.963 .129

2
24.330 4.178 .172 4.268 .175 1.698 .070

3
15.357 2.599 .169 3.363 .219 1.255 .082

4
13.016 2.664 .205 1.661 .128 1.464 .112

5
9.017 3.716 .412 3.064 .340 1.556 .173

6
8.888 2.852 .321 2.251 .2531 1.374 .155

7
6.100 3.259 .534 3.113 .510 1.403 .230

8
5.429 2.853 .526 2.665 .491 .990 .182

9
4.179 3.109 .744 3.245 .776 1.339 .320

10
3.291 2.835 .861 3.126 .950 1.080 .328

11
2.547 2.808 1.103 3.185 1.250 1.036 .407

Table 5.16 RMS Contrast Error and Percent Contrast Error

Figures 5.16a and b are plots of the RMS contrast error and percent contrast error

asa a function of time. Note the rise in the total and Case 2 errors in the evening hours.

The percent contrast error is greater than one because the RMS contrast error is greater

than the dynamic range at those times. These high errors are due to the presence of
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clouds and low dynamic range of the scenes. The specular bounce to sky targets have

high predicted radiance errors because LOWTRAN7 did not model the sky radiance

correctly at those times. The
presence of clouds during the evening increases

LOWTRAN7's prediction error. In addition, the dynamic range of the actual scene

decreases into the night. The combination of increased radiance error (Figure 5.16a) and

decreasing dynamic range elevates the percent contrast
error (Figure 5.16b).
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Overall, the percent contrast error is low for specular bounce to sky targets until

clouds appeared in the scene. The percent contrast error for the specular bounce to

background targets is high, but would improve if the binary specularity problem

discussed earlier was solved.

The following is a discussion ofDIRSIG's prediction of image contrast with

reference to the truth images recorded during the June collection The figures at the end

of this chapter are an hourly time series of the truth and prediction images. Keep in mind

when referring to these images that a dark object is cold while a bright object is hot.

The early morning images (midnight through 3:00am) have some discrepancies to

be addressed. Several of the obvious differences are duemainly to the binary specularity

of the targets: the bright halos of the car side and painted panel on the asphalt, higher

predicted radiance for the car side, very cold rear bumper and edge of the specular board

in front of the house (due to specular bounce to cold sky), inner tire rims hotter than the

tire in the prediction images, and contrast difference between water with specular bounce

to sky and to background (pool edge).

Two limitations ofTherm are also evident. In the truth images, the water level is

clearly apparent from the outside of the pool and the asphalt under the car is warm even

though it was shaded from the sun the entire day. In both cases, the objects were warmed

by neighboring objects, a phenomenon which Therm cannot account for in its

calculations. A final error, perhaps due to incorrect temperature prediction is that

DIRSIG predicts that the sand and concrete have equal radiance, whereas in reality the

concrete is hotter than the sand. At 4:00am, the concrete and sand true radiances became

equal.

Note that from midnight to 5:00am DIRSIG did correctly predict the contrasts of

the car roof and hood with the asphalt and car side, as well as the house roof with the

grass and house front. Also notice the correct lack of contrast between the different

squares of the grey level and colored panels.

At 6:00am, all of the targets in the real scene began heating up as morning was

beginning to break. The 6:00am predicted image shows no heating, perhaps because the
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sun did not actually rise until after 6:00. Therm does not anticipate the approach of

sunrise as a possible source of heating.

At 7:00am, the targets in the predicted image have begun heating from the

sunrise. The house and car sides, tires, and painted panels are facing east, direcdy into

the sun, and are therefore heating up rapidly. The one major discrepancy at this time is

the water. The water is barely visible in the true image; the water, pool, and grass all

have similar radiance values. However, DIRSIG predicts a higher contrast between these

objects.

Aside from the water, the predicted contrast is true to reality. Note the correct

contrast between the different squares of the painted panels and the barely visible

difference between the black and white sides of the house reflected in the specular board.

Also, the car side is hotter than the windows which are hotter than the roof and hood of

the car.

Throughout the rest of the morning the predicted contrast is generally correct. At

9:00am note that the car door is hotter than the rear car side. Again, Therm does not

know that the materials behind the sides of the car are different, thus impacting their

temperatures. Since the surface material is the same, Therm computes the same

temperature for both targets. Also at 9:00am note that the predicted shadow of the house

on the grass is in the correct position.

In the afternoon, the predicted tire radiance is less than the predicted car side

radiance. The reverse is true in the truth imagery. Other discrepancies include a

predicted pool shadow on the grass which does not really exist and shadows of the

painted panel and house extending farther than they should. The missing pool shadow

may be due to the error in grass radiance which resulted in a higher predicted contrast

between the pool and the grass. This higher contrast would emphasize any shadow which

may exist in the grass by the pool. The other shadow errors may be due in part to a

discrepancy in target azimuth angles between the predicted and truth scenes. In general,

the predicted contrast follows the true contrast through the early afternoon.

Recall that clouds moved into the scene in the afternoon, but DIRSIG did not

know about them. This may explain some of the errors in the late afternoon images. At

4 00pm, the truth images are beginning to lose their contrast Note that the different grey
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levels on the painted panel on the asphalt are barely discernable. The predicted contrast

in this panel is much higher, as is the predicted contrast for the entire scene. Formuch of

the evening the predicted contrast is greater than the true scene contrast.

In general, DIRSIG predicts the scene contrast correctly. Many of the

discrepancies noted above are due to inaccurate temperature prediction, errors caused by

the target binary specularity, and cloud errors. These results indicate the need to improve

upon the present temperature prediction model, DIRSIG's modeling of clouds, and to

replace the binary specularity with a fraction. The next section offers recommendations

to improve the prediction accuracy ofDIRSIG.
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Conclusions and Recommendations

As indicated by the contrast results and inspection of the truth and prediction

imagery, DIRSIG performs acceptablywhen clouds are not present in the scene. Although

the observed radiance errors are high, the image contrast is generally correct. The absolute

radiance errors can be improved by the following solutions (ranked in decreasing order of

expected benefit and ease of implementation):

1.) Change from binary to fractional specularity,

2.) Shape factor computation,

3.) Increased database ofmaterial parameters,

4.) Modeling of clouds within scenes,

5.) Better understanding ofLOWTRANTs treatment of clouds, and

6.) Improved thermal model.

The following is a discussion of these solutions as well as minor suggestions for

improvements to each submodel.

Geometric Submodel:

A better interface to the geometric subroutine is required so that individual object

parameters can be changed easily. At present, in order to change some parameters such as

thickness and self-generated power, either the entire scene must be rebuilt on AutoCAD or

the huge geometric database filemust be weeded through to find the correct facet to adjust

When designing a scene, the size and positioning of targets must be dealt with

carefully. Exact locations of objects must be taken into consideration to avoid shadowing

errors such as those encountered in the halo of the car in the June scenes.

Ray tracer Submodel:

Addition of clouds into the actual AutoCAD scenes would allow for bettermodeling

of downwelled radiance reaching the target. The rayjracer submodel would include any

ray interactions with clouds
in its computations. Also, object shadowing by clouds will be

taken into consideration when the sun/shadow history is computed.
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Temperature Submodel:

In order to increase the accuracy of target temperature prediction, a better thermal

model is required. As it stands, Therm cannot account for thermal effects between adjacent

facets, wind direction effects, and cloud locations relative to facet directions. A better

temperature generationmodel should include adjacency effects, good environmental

modeling (wind speed and direction, cloud locations, etc.) and well-defined object

parameters without a significant increase in program run time.

To improve Therm's predictions a large database of object parameters is desirable.

Better definition of object parameters reduces predicted temperature errors, a large source

of error in the prediction of radiance reaching the sensor. Increasing the database would

also improve the error in the emissivyt term in the radiometry equations.

Radiometry Submodel:

The binary specularity problem should be resolved. One approach is to define

specularity as a fraction between zero and one, where zero is totally diffuse and one is

totally specular. In this manner, both the diffuse and specular solutions for each facet will

be computed and the final target radiance will be aweighted combination of the two,

according to the value of the specularity.

Along with the change in specularity should be a new computation for shape factor.

The shape factor assigned to each facet should be a fraction. A program could be written to

test the area around a facet for surrounding objects which may occlude its exposure to sky

radiance. This program would eliminate any guesswork required of the user.

Cloud definitions within the LOWTRAN7 atmospheric modeling routine should be

researched. As it stands, Dirsig's worst predictions occur when cloudy weather conditions

exist Correlation between the thermal submodel's defintion of clouds and LOWTRAN7's

definitions of clouds should eliminate some of the guess work and errors encountered

during this project.

Sensor Submodel:

The sensor submodel was minimally tested during this project. The sensor gain

and bias were added after the images were created in order to be able to modify those

values if necessary without having to rerun the entire program. Simple MTF blurring

effects were also added outside of the program so that varying degrees of blurring could be
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added and removed at will. The sensor spectral response function was the only variable

utilized during this project In this case, the spectral response was set to one from eight to

fourteen microns, and was zero everywhere else. This definition produced acceptable

results without any major problems encountered.
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APPENDIX A

Random Error Addition Program

* *

* This program adds a bias and randomly assigns
*

* input RMS error to a column of data in an input *

* Therm weather file. *

* *

* Donna Rankin *

* 2/19/92 *

* ?

* *

REAL*4 BIAS1, RMS1, RAND, RMS2 , BIAS2

REAL*4 TIME,A, P,D,H,W,Dr,Df
, SE,PR,PTmp

REAL* 4 HI, Dl, PRl, PTMPl, JUNK

INTEGER X,CT,PT

INTEGER*4 SEED, FLAG

CHARACTER* 8 0 F_IN , F_OUT , F_OUT2
* ?

* *

PRINT*

,

'

PLEASE INPUT THE NAME OF THE TRUTH FILE
'

READ(*,
'

(a80)
'

) F_IN

OPEN(UNIT=l, FILE=F_IN, STATUS= 'OLD' )
PRINT*

PLEASE INPUT THE NAME OF THE OUTPUT
FILE'

READ(*,
'

(a80)
'

) F_OUT

OPEN(UNIT=2, FILE=F_OUT, STATUS='NEW')
*

PRINT*, 'INPUT THE BIAS VALUES TO BE ADDED TO THE
DATA'

* READ*,BIAS1
*

PRINT*, 'BIAS VALUES ARE:
'

, BIAS1
*

PRINT*, 'INPUT THE RMS VALUES TO BE RANDOMLY
ADDED'

* READ*
, RMS1

* PRINT*

,

'
RMS VALUES ARE :

'

, RMS1
PRINT*

,

'

PLEASE INPUT A SEED VALUE FOR THE RANDOM FUNCTION CALL
'

READ*
, SEED

5 X= X + 1.0

READd,*, END = 15) TIME, A, P, H, D,W, Dr , Df , SE, CT, PT, PR, PTmp
RAND = RANFUN(SEED)

IF( DF .EQ. 0.0) GOTO 7
*

IF( RAND .LE. (0.33333333) ) THEN
*

DR = DR + BIAS1
*

FLAG = 0
*

ENDIF

IF( (RAND .GT. (0.33333333)) .AND. (RAND . LE . (0.666666667)) ) THEN

DF = DF + SQRT( (DF *
.002) **2 + (.043**2) )

FLAG = 1

ENDIF

IF( RAND .GT. (0.666666667) ) THEN

DF = DF - SQRT( (DF *
.002)

**2 + (.043**2) )

FLAG = 2

ENDIF

IF( DF .LT. 0.0 ) DF = ABS(DF)

7 WRITE(2,10) TIME,A,P,H,D,W,Dr,Df , SE, CT, PT, PR, PTmp
10 F0RMAT(1X,2F7.2,F7.2,1X,F6.3,1X,F6.2,3F7.3,F6.2,2I3,2F6.2)

GOTO 5

15 CLOSE (1)
CLOSE (2)

STOP

END



APPENDIX B

Emissivity Measurement Results

Emissivity

Angle Bluel Blue2 Red Green Greyl Grey2

1 0.000 0.970 0.970 0.971 0.968 0.966 0.978

2 10.000 0.970 0.970 0.971 0.956 0.960 0.978

3 20.000 0.979 0.970 0.966 0.950 0.955, 0.978

4 30.000 0.970 0.975 0.945 0.938 0.955 0.968

5 40.000 0.956 0.948 0.918 0.914 0.960 0.958

6 50.000 0.916 0.894 0.928 0.902 0.943 0.953

7 60.000 0.921 0.899 0.912 0.938 0.926 0.978

8 70.000 0.980 0.986 1.014 1.045 1.001 1.039

9 80.000 0.523 0.521 0.668 0.827 0.279 0.303

Grey3-1 Grey3-2 Grey4 Grey5-1 Grey5-2 Shingles-1 Shingles-2

1 0.980 0.960 0.965 0.969 0.969 0.965 0.965

2 0.946 0.946 0.965 0.963 0.969 0.958 0.951

3 0.925 0.929 0.965 0.956 0.969 0.958 0.986

4 0.914 0.901 0.971 0.963 0.962 1.006 1.014

5 0.892 0.871 0.959 0.963 0.923 0.999 0.993

6 0.934 0.898 0.965 0.943 0.916 0.965 0.965

7 0.911 0.892 0.930 0.969 0.943 0.944 0.951

8 0.831 0.822 0.941 1.034 1.027 1.062 1.071

9 0.200 0.222 0.057 0.460 0.441 0.777 0.743
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APPENDIX C

Directional Downwelled Radiance Data

Surface Radiance (T2 & Lu) Measurements

Directional Downwelled Radiance --> 8-14|0.m integrated

Code: direction_day_day_time_time_p_angle_angle

June 22. 1992 --> 4:00pm June 22. 1992 -> 10:00pm

e2204p08 e2210p08

total radiance=25. 653257 W/m.m total radiance- 19 . 394938 W/m.m/Sr

s2204p08 s2210p08

total radiance=29 . 401 123 W/m.m total radiance=24 . 578690 W/m.m/Sr

w2204p08 w2210p08

total radiance=22 . 232285 W/m.m total radiance^ 18 . 951279 W/m.rn/Sr

n2204p08 n2210p08

total radiance=22 . 453043 W/m.m total
radiance-'

1 7 . 036360 W/m.m/Sr

e2204p30 e2210p30

total radiance; 1 1 . 715730 W/m.m total radiance=5 . 230303 W/m.m/Sr

s2204p30 s2210p30

total radiance=19 . 442553 W/m.m total radiance^ 7 . 812209 W/m.m/Sr

w2204p30 w2210p30

total radiance = 20 . 903988 W/rn.m total radiance^ . 798036 W/m.m/Sr

n2204p30 n2210p30

total radiance=12 . 282344 W/m.m total radiance-5 . 051 121 W/m.m/Sr

e2205p45 e2210p45

total radiance=ll . 779091 W/m.m/Sr total radiance^ . 616984 W/m.m/Sr

s2205p45 s2210p45

total radiance^ll . 957067 W/m.m/Sr total radiance=4 . 429647 W/m.m/Sr

w2205p45 w2210p45

total radiance=15. 020347 W/m.m/Sr total radiance=4 . 168972 W/m.m/Sr

n2205p45 n2210p45

total radiance=12. 527041 W/m.m/Sr total radiance^ . 438252 W/m.m/Sr

e2205p60 e22ilp60

total radiance=12. 732491 W/m.m/Sr total radiance=4 . 638465 W/m.m/Sr

S2205p60 s2211p60

total radiance=12. 460793 W/m.m/Sr total radiance=6 . 220935 W/m.m/Sr

W2205p60 w2211p60

total radiance^ 12. 222880 W/m.m/Sr total radiance^ . 234463 W/m.m/Sr

n2205p60 n2211p60

total radiance=20. 539314 W/m.m/Sr total radiance^S . 036307 W/m.m/Sr

C2205p90 c2210p90

total radiance=14. 574777 W/m.m/Sr total radiance=6 . 587240 W/m.m/Sr



Directional Downwelled Radiance -> 8-14^m integrated

June 23. 1992 -> 8 :00am June 23. 1992 -> 4:00pm

e2308a08

total radiance=28. 737307 W/m.m/Sr

s2308a08

total radiance=36 . 186989 W/m.rn/Sr

w2308a08

total radiance=37 . 17081 1 W/m.m/Sr

n2308a08

total radiance"-26. 534788 W/m.m/Sr

e2309a30

total radiance=17 . 976385 W/m.m/Sr

s2309a30

total radiance=17 .093891 W/m.m/Sr

w2309a30

total radiance=17 .988373 W/m.m/Sr

n2308a30

total radiance^l5. 551792 W/rn.m/Sr

e2309a45

total radiance=14 .802161 W/m.m/Sr

s2309a45

total radiance= 18 . 657864 W/m.m/Sr

w2309a45

total radiance- 15. 785484 W/m.m/Sr

n2309a45

total radiance=13. 701310 W/m.m/Sr

e2309a60

total radiance^27 . 136286 W/m.m/Sr

s2309a60

total radiance=22. 370007 W/m.m/Sr

W2309a60

total radiance=22. 050158 W/m.m/Sr

n2309a60

total radiance^20. 494839 W/m.m/Sr

C2309a90

total radiance: 19. 789354 W/m.rn/Sr

e2304p08

total radiance=43. 180706 W/m.m/Sr

s2304p08

total radiance=44 . 160851 W/m.m/Sr

w2304p08

total radiance:42 . 134850 W/m.m/Sr

n2304p08

total radiance=37 . 346626 W/m.m/Sr

e2304p30

total radiance=28 .869549 W/m.m/Sr

s2304p30

total radiance=26. 945642 W/m.m/Sr

w2304p30

total radiance=28. 601021 W/m.m/Sr

n2304p30

total radiance:23. 009699 W/m.m/Sr

e2304p45

total radiance=18. 850622 W/m.m/Sr

s2304p4 5

total radiance=28. 727957 W/m.m/Sr

w2304p4 5

total radiance:26. 183432 W/m.m/Sr

n2304p45

total radiance=20 .653997 W/m.m/Sr

e2304p60

total radiance:24 . 737181 W/m.m/Sr

s2304p60

total radiance=30. 076376 W/m.m/Sr

w2304p60

total radiance:33. 564980 W/m.m/Sr

n2304p60

total radiance = 31 .013168 W/rn.m/Sr

c2304p90

total radiance=33. 717075 W/m.m/Sr



Directional Downwelled Radiance --> 8-12|lm integrated

3uNe2-2.,|PR'L q-.O&PM ^Tonfr ?.z(iqq?_ lo -.GApon

e2204p08

total radiance=16. 873964 W/m.m

s2204p08

total radiance=19. 454010 W/m.m

w2204p08

total radiance=14. 118902 W/m.m

n2204p08

total radiance=14. 445287 W/m.m

e2210p08

total radiance=12. 441139 W/m.m

s2210p08

total radiance=15. 995576 W/m.m

w2210p08

total radiance=12. 111075 W/m.m

n2210p08

total radiance=10 , 773189 W/m.m

e2204p30

total radiance=7. 219686 W/m.m

e2210p30

total radiance=2 . 754607 W/m.m

s2204p30

total radiance=12. 337778 W/m.m

w2204p30

total radiance=14 .167905 W/m.m

n2204p30

total radiance=7 . 526423 W/m.m

e2205p45

total radiance=7 .299139 W/m.m

s2205p45

total radiance=7. 404237 W/m.m

w2205p45

total radiance=9. 483997 W/m.m

n2205p45

total radianr-*= 7. 790837 W/m.m

e2205p60

total radiance=8. 363483 W/m.m

s2205p60

total radiance=8. 116655 W/m.m

w2205p60

total radiance=8. 009930 W/m'.m

n2205p60

total radiance=13. 535789 W/m.m

c2205p90

total radiance=9. 446352 W/m.m

s2210p30

total radiance=4 . 323673 W/m.m

w2210p30

total radiance=3. 173949 W/m.m

n2210p30

total radia,nr:P= ?
.
65360-5tf/m m

__

e2210p45

total radiance=l. 828374 W/m.m

s2210p45

total radiance=2. 283284 W/m.m

w2210p45

total radiance=2. 151051 W/m.m

n2210p45

total radiance =1.710M7_W/mjii

e2211p60

total radiance=2. 756899 W/m.m

s2211p60

total radiance=3. 933718 W/m.m

w2211p60

total radiance=3. 827646 W/m.m

n2211p60

total radiance=2. 926000 W/m.m

c2210p90

total radiance=4. 213174 W/m.m



Directional Downwelled Radiance --> 8-12|lm integrated

H-okjg Z3 , iqqz %<Xd n̂o ToMe 3. W2 MttO prn

e2308a08

total radiance=19. 100262 W/m.m

s2308a08

total radiance=24 . 474653 W/m.m

w2308a08

total radiance=25. 485411 W/m.m

n2308a08

total radiance=17 . 676954 W/m.m

e2309a30

total radiance=ll. 768017 W/m.m

s2309a30

total radiance=ll . 029357 W/m.m

w2309a30"

total radiance=ll . 655375 W/m.m

n2308a30

total radiance=10 . 077591 W/m.m

e2309a45

total radiance=9 .814184 W/m.m

s2309'a45

total radiance=12. 228863 W/m.m

w2309a45

total radiance=10. 308121 W/m.m

n2309a45

total radiance=9. 388185 W/m.m

e2309a60

total radiance=18. 364521 W/m.m

s2309a60

total radiance=14. 944476 W/m.m

w2309a60

total radiance=14. 580288 W/m.m

n2309a60

total radiance=13. 474545 W/m.m

c2309a90

total radiance=13. 403801 W/m.m

e2304p08

total radiance=29. 226480 W/m.m

s2304p08

total radiance=29. 861403 W/m.m

w2304p08

total radiance=28. 697969 W/m.m

n2304p08

total radiance=25. 037270 W/m.m

e2304p30

total radiance=18. 961964 W/m.m

s2304p30

total radiance=17 . 554424 W/m.m

w2304p30

total radiance=18. 805878 W/m.m

n2304p30

total radiance=14. 940652 W/m.m

e2304p45

total radiance=12 .266003 W/m.m

s2304p45

total radiance=18. 848848 W/m.m

w2304p45

total radiance=17 . 114798 W/m.m

n2304p45

total radiance=13. 521529 W/m.m

e2304p60

total radiance=17 .051464 W/m.m

s2304p60

total radiance=20 . 134298 W/m.m

w2304p60

total radiance=23. 013903 W/m.m

n2304p60

total radiance=20. 813843 W/m.m

c2T04p90

total radiance=22. 557602 W/m.m
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Surface Radiance Measurements

July 28. 1992

Time Object Vave

(Barnes)

L-ground DC L-sensor

9:30am House Roof 0.566 37.12151 186.42 47.60672

Car Side 0.505 36.23092 174.21 45.63025

Asphalt 0.399 34.45305 155.78 42.64694

Grass 0.293 32.32869 136.36 39.50338

Grey 4 0.457 35.46475 171.52 45.19482

10:30am House Roof 1.134 43.08368 230.65 54.79477

Tire 0.909 40.95015 214.98 52.11915

Car Side 0.820 40.08622 225.08 53.84370

Grass 0.297 32.41589 154.71 41.82820

Asphalt 0.632 37.99328 203.64 50.18287

11:30am Hubcap 0.475 35.75924 73.55 35.31463

House Roof 1.629 50.06690 228.28 54.51094

Grey 1 0.791 39.79190 110.27 39.87023

Grey 4 0.932 41.16698 132.38 42.61327

Grass 0.410 34.65259 54.41 32.94005

1:30pm Asphalt 1.171 43.45761 211.10 52.26400

House Roof 1.292 44.79065 218.55 53.22699

Grass 0.507 36.26155 133.62 42.24888

White Front 0.692 38.71547 146.50 43.91376

Water 0.375 34.00467 101.90 38.14873

2:30pm Water 0.401 34.48960 119.36 40.42844

Car Side 0.825 40.13620 179.24 33.49174

Asphalt 1.437 46.71346 222.19 53.69854

Black Front 0.873 40.60645 177.02 47.86940

Hubcap 0.454 35.41480 118.62 40.33295

3:30pm Concrete 0.651 38.22863 146.75 43.84406

House Roof 1.125 42.99449 285.16 61.90924

Water 0.447 35.29727 120.27 32.16902

Asphalt 1.424 46.52275 227.00 54.31824

Car Side 0.834 40.22565 171.11 47.02351

4:30pm Grey 1 0.623 37.87949 174.17 46.42255

Water 0.471 35.69456 160.90 30.02401

House Roof 0.906 40.88379 211.78 51.98698

Asphalt 1.290 44.76691 230.93 54.82024

Concrete 0.675 38.51694 183.95 47.86951



Blackbody Calibration Data for Surface Radiance Measurements

Time BB hi (50C) BB lo (10C)

9:30am 230.75 70.07

10:30am 230.58 78.25

11:30am 230.47 20.82

1:30pm 230.58 29.36

2:30pm 230.59 29.04

3:30pm 230.56 31.28

4:30pm 230.67 54.87

Radiosonde Data From Buffalo Airport July 28. 1992 (Decoded)

Height-m Pressure-mbar Temperature-C Dew Point-C

218 988 13.2 2.8

245 985 13.6 3.6

1472 850 5.2 0.7

1771 822 10.6 12

1952 805 10.2 18

2080 793 9.4 12

2486 755 7.0 14

2635 741 6.4 30

3073 700 4.8 30

4412 593 0.0 30

4812 561 -4.3 30

5575 500 -9.1 30

7743 400 -23.7 30

9836 305 -39.9 30

9946 300 -40.7

10068 250 -50.1

10839 232 -53.5

11697 212 -55.1

12211 200 -52.1

12779 187 -50.3

14398 150 -53.3

16655 100 -58.3
--

LOWTRAN7 XI Lit Predictions

Time XI Lu

10:30am .9758
.7881

11:30am .9758 .8296

1:30pm .9758
.8794

2:30pm .9758 .8835

3:30pm .9758 .8730

4:30pm .9758 .8488
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APPENDIX D

Radiometry Error Propagation

Ray_Interaction Type 1: Diffuse Target (Grass)

Rooftop Simulation

Error Type: I

The starting values for the equation are as follows:

Lu :=0.90e:=.873 eb:=.900 Ld:=8.50

Lt:=3734 Ltab :=39.00 x2:=0.97

Gs:=
.523599 eb :=

.523599 Es:=0.00

It:=l lb :=1 F:=l

Case 1: Diffuse target hit

Ll :=(-Lt-i- (H-Es-cos(es) + F-(Ld) + ( 1 - F)-(Ltab+ Ib-Es-cos(eb)-( 1 - eb)))-( 1 - e))-x2 + Lu

Ll =33.567

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
^
:=(Lt- Il-Es-cos(es) - F-Ld- (1 - F)-(Ltab+ Ib-Es-cos(eb)-(l - eb)))-x2

cSLl^^.-e-tl

dLl
m

:=Es-cos(es)-(l - e)-x2

dL1
rJEs :=(It-cos(es) + ( 1 - F)-Ib-cos(6b)-( 1 -

eb))-( 1 - e)-x2

dLl
dQs :=-li-Es-sin(es)-(

1 - e)-x2

dLl
jp

:= (Ld - Ltab- Ib-Es-cos(8b)-( 1 -

eb))-( 1 - e)-x2

dLl^^FO-e)^

dLldL^.-^l-FXl-e)^

dLl
dIb :=(

1 - F)-Escos(8b)-(l - eb)-(l - e)-x2

dLl
d0b :=-(

1 - F)-Ib-Es-sin(9b)-( 1 - eb)-( 1 - e)-x2

dLl
dh :=-( 1 - F)-Ib-Es-cos(6b)-( 1

- e)-x2

dLl
&tl

:=e-Lt+ (tt-Es-cos(9s) -i- F-Ld
-t- ( 1 - F)-(Ltab+ Ib-Es-cos(eb)-(l -

eb)))-( 1 -

e)

dLldLu:=1'



These derivatives are used to form the components of the Beers
error calculation:

se:= 0.025 sLt:=0.09 slt:=0 sLu:=0.02

*Es:=0 sLd:=0.25 sGb:=0.05236

s8s:=0.05236 sLtab.-0.09 seb :=0.025

sF:=0.10 slb:=0 sx2:=0.03

Px2Lu:=-08381

^^^(dLl^-sLt2)

. sLl =0.699

2

j

i

^Ld-KldLd2-^

L1Ltab:=(dL1dUab2-dJab^

sL1Ib:=(dL1dIb2-sIb2)

sL1eb:=(dL1deb2-s0b2)

^eb-t^deb2"^2)

_

.sLl^^fdLl^2-^2)

sLlj^^dLl^-sLu2)

sLlj^ 0.076

sLla= 0

sLlj^O

sLles=0

sLlF
= 0.376

sL1Ld=0031

sLl T tQu
= 0

I ^'Ltab

2

sLl^O

sLl
eb

= 0

sLlb=0

sL1x2
= 1-01

^1^=0.02



The cross term for the correlated variables Tau2 and Lu is:

xterm :=[p x2Lu-(dL1 dx2)
' (d*-1

dLu) -s^-sLu]
xterm =-0.017

The total Beers error is expressed as:

sL1
parti

:=sL1 e2+ sL1 Lt2+ *" K2+ sL1 Es2+ *" Gs2+ &-1 F+ ^L1
\A +*"

*"
part2

:=sL1
lb + sL1

6^+
sL1 + sL1 x22+sL1 + xterm

sL1
total

:_ (sL1
parti

+ sL1

part2)

sLl
total

= 1-281



Rooftop Simulation
The starting values for the equation are as follows: Error Type: M

e:=.873 eb:=.900 Ld:=8.50 Lu:=0.90

Lt := 37.34 Ltab :=39.00 x2 := 0.97

6s := .523599 6b :=
.523599 Es :=0.00

U:=l Ib:=l F:=l

Case 1: Diffuse target hit

Ll :=(e-IH- (It-Escos(6s) a-F-(Ld) + (1 - F)-(Ltab+ Ib-Es-cos(6bM 1 - eb)))-( 1
- e))-x2+ Lu

Ll =33.567

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
^
:=(Lt- tt-Escos(es) - F-Ld- (1 - F)-(Ltab+Ib-Es-cos(6b)-(l - eb)))-x2

dLl QjL'.=-z-'r2

dLl
^

.=Es-cos(6s)-(l
- e)-x2

dLl
jej :=(Itcos(8s) + (1

- F)-Ib-cos(eb)-(l - eb))-(l - e)-x2

dLl
des :=-lt-Es-sin(es)-(

1 - e)-x2

dLl jp-CId- Ltab- Ib-Es-cos(Gb)-(l - eb))-(l - e)-x2

ryL\6LA-'P-(l-zyf2

dLldL^^d-FXl-e)^

dLl
jjj, :=(

1 - F)-Es-cos(6b)-( 1 - eb)-( 1
- c)-x2

dLl
deb :=-(

1 - F)-Ib-Es-sin(6b)-( 1 -

eb)-( 1
- e)-x2

dLljgb :=-(l
- F)-Ib-Es-cos(6b)-(l - e)-x2

dLl
^ :=e-Lt+ (It-Es-cos(Gs) -f-F-Ld + ( 1 - F)-(Ltab+ Ib-Es-cos(Gb)-(l - eb)))-( 1 -

e)

dLldLu:=1



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=0.63 slt:=0 sLu :=.16

sEs:=0 sLd:=2.26 sGb:=0.1309 Px2Lu:=--8381

sGs :=0.1309 sLtab:=0.63 seb :=0.05

sF:=020 sib :=0 sx2 :=0.03

1

i
sLl = 1.399

sLl
^
:= (dLl ^slt2)

^(^dEs2-5^2)-Es-V^dEs

2
2\2

^esK^des**05

...-(dLl^-sF2)

2

sLlF:=[dLl^-sF

sUj^dLl^-sLd2)

2

sL1Ltar

sLl
^

:=

i

^dLl^-sIb2)2

sLl
eb

:

1

=

(dLldeb2-sGb2)2

sLl
b

:

^dLl^-seb2)2

i

sL1x2:=

(dUdx22^22)2

sLl^:= ('L1dLu2-djl2)

sLl ^=0.533

sLl
fi
= 0

sLl
Es

= 0

sLles=0

sLlF
= 0.751

sLlj^ =0.278

sL1Ltab=0

sLl^O

sLleb=0

sLlEb=

sLlx2
= 1.01

sLlLu=0.16



The cross term for the correlated variables Tau2 and Lu is:

xterm :=fp %7La-(<SA^ -(dLl^ -sx2-sLul

L J
xterm =-0.135

The total Beers error is expressed as:

50
parti

:=sL1 sLlU+ sL1 li.2+ sL1 + *-1 Gs2+sL1 F2+ aA Ld2+sL1

s1-1
part2

:=aA
Jb +^ + aA

eb
+ aA

12
+" + xtenn

sL1
total

:~ (*"
parti

" sL1

pare)

"
total

= L948



Rooftop Simulation

* ^ x= -i -.
Error Type: P

The starting values for the equation are as follows: Jr

e:=.873 eb:=.900 Ld :=8.50 Lu :=0.90

Lt := 37.34 Ltab := 39.00 x2 := 0.97

6s := .523599 Gb :=
.523599 Es := 0.00

ft:=l lb :=1 F:=l

Case 1: Diffuse target hit

Ll :=(e-Lt+- (It-Es-cos(Gs) -t-F-(Ld) + (1 - F)-(Ltab+ Ib-Es-cos(Gb)-( 1 -

eb)))-( 1
- e))-x2-f- Lu

Ll =33.567

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
^
:=(Lt- tt-Escos(Gs) - F-Ld - ( 1 - F)-(Ltab+ Ib-Es-cos(Gb)-(l - eb)))-x2

dLl
jjn

:=e-x2

dLl
dIt :=Escos(Gs)-(

1 - e)-x2

dLl dpj. := (It-cos(Gs) + ( 1 - F)-Ib-cos(6b)-( 1 - eb))-( 1 - e)-x2

dLl
des

:=-ItEs-sin(Gs)(l - e)-x2

dLl
(jp
-(Ld

- Ltab- Ib-Es-cos(8b)-( 1 -

b))-( 1 - e)-x2

dLl^-F-O-E)^

dLldUab^d-Wl-e)^

dLl
dIb :=(

1 - F)-Es-cos(6b)-( 1 -

b)( 1 - e)x2

dLl
deb

:=-(l - F)IbEs-sin(Gb)-(l
- Eb)-(1 - e)-x2

dLl
fch

:=-(l - F)-Ib-Escos(6b)-(l - e)-x2

dLl
^2 :=-Lt+ (It-Es-cos(Gs) +- F-Ld + ( 1 -

F)-(Ltab-|- Ib-Es-cos(Gb)-( 1 -

eb)))-( 1 -

e)

^dLu-1



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73. slt:=0 sLu:=0.16

sEs:=0 sLd:=2.26 s8b:=0.1309 Px2Lu:" -8381

s8s :=0.1309 sLtab := 1.73 SEb :=0.05

sF:=020 slb:=0 sx2 :=0.03

i

2

"LlE-f^de2^2)

sLlj^dLl^-sLt2)

2

^ltt:=(<^dlt2-slt2)

sLlp^^fdLl^-sEs2)

2

= (dLld8s2-s0s2)sLles:=ldLld0/.s8s

sLlp^dLl^-sF2)

-(dLl^.sLd2)
sLlT,:= dLl^Z-sLd

2

sL1
Ltab

:=K1
dLtab2-sLtab2)

2

sL1Ib:=(dL1dIb2-Slb2)

:=(dLld0b2.s8b2)
sLleb:=(dLld0b-seb

2

1

i^:=(dL1dx22-"22)

2

(dLl^-sLu2)sLlT
:= dLl ji,, -sLu

2

sLl = 1.399

sLl
u
= 1.465

sLlIt= 0

sLlEs=0

sLles=0

sLlF
= 0.751

sLlj^j =0.278

sLiLtab=0

sLlIb=0

sLleb=0

sLlb=0

x2-^dx2^/ sLlx2
= 1.01

Lu-\^dLu

; sLlLu=0.16



The cross term for the correlated variables Tau2 and Lu is

xte :=[px2LU-(dL1 dx2)-(dL1
dLu)

-^-sLul

L J
xterm =-0.135

The total Beers error is expressed as:

sLlpartl :-sLl -hsLIjj -i-sLl^ +sLlEs +sLl0s
a- sLl

F
-i- sLl

j^ a-sLIjj^

^1
part2

:="
Jb + sL1 + sL1 + &-1

<1 + *"
+" xterm

d-1
total

- (sL1
parti

+ *-1
paitl)

sL1
total

=2-378



Rooftop Simulation

Error Type: C

The starting values for the equation are as follows:

e:=.873 Eb:=.900 Id :=8.50 Lu :=0.90

Lt:=3734 Ltab:=39.00 x2:=0.97

8s := .523599 8b :=
.523599 Es :=0.00

It:=l Ib:=l F:=l

Case 1: Diffuse target hit

Ll :=(e-Lt-t- (a-Escos(8s) -t-F-(Ld) + ( 1 - F)-(Ltab+ Ib-Es-cos(8b)-( 1 - eb)))-( 1 - e))-x2+ Lu

Ll =33.567

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
jg
:=(Lt- It-Escos(Gs) - F-Ld- ( 1 - F)-(Ltab+ Ib-Es-cos(eb)-(l - eb)))-x2

cJLl^-z-tl

dLl
du

:=Escos(Gs)-(l - e)-x2

dLl
dEs :=(a-cos(es) + ( 1 - F)-Ib-cos(eb)-( 1 - eb))-( 1

- e)-x2

dLl
d0s :=-It-Es-sin(Gs)-(

1 - e)-x2

dLl
jjp

:= (Ld - Ltab- Ib-Es-cos(8b)-( 1 - Eb))( 1 - e)x2

dLldLd-Fd-E)^

dL1dLtab:=<1-FHl-)-t2

dLl
dlb

:=<! " F)-Es-cos(8b)-(l - Eb)-( 1
- e)-x2

dLl
d0b

:=-(l - F)-Ib-Es-sin(8b)-(l - Eb)-(1 - e)-x2

dLl
dh :=-( 1 - F)-Ib-Es-cos(8b)-(l - e)-x2

dL1
dx2 :=-Lt+ (It-Es-cos(Gs) + F-Ld a- ( 1 - F)-(Ltab+ Ib-Es-cos(Gb)-(l - Eb)))-( 1

-

e)

dLldLu:=1
.



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73 slt:=0 sLu:=0.54

sEs:=0 sLd:=5.10
s8b:= 0.1309 Px2Lu:=--8381

s9s -0.1309 sLtab := 1.73 SEb :=0.05

sF:-020

i

slb:=0 sx2 :=0.03

L^-fdLl^2.

2\2

S 1

l

,
2

sLl
= 1.399

sLl^dLl^-sLt2)

sLln-fdLl^-sIt2)

sLlEs-^dEs2-^)

2

^es-^des2-8652;

sLlp-fdLl^-sF2)

sLlLd-.^dLl^-sLd2)

^1 1^:= (dLl
dUab'-sLtab2)

SLl0b:=(dLldeb2-sGb2)

sLln
= 1.465

sLl
a
= 0

sL1Es=0

sLl0s=O

sLlF
= 0.751

sLlj^
=0.628

sLILtab=

sLlIb=0

sLleb=0

^eb^^dEb2-^)
sUeb=

sL1t2
= 1.01

sLl
lu

:= (dLl ^-sLu2) sL1
^

= 0 54



The cross term of the correlated variables Tau2 and Lu is:

xte1 :=[P t2Lu-(dL1 dxl)'^1 dLu) ^-sLu]
xterm = -0.457

The total Beers error is expressed as:

s*-1
parti

:=sL1 2+sL1 + sL1
K + sL1 ES2+ *" Gs2"1" sL1

F + sL1 + sL1

L1
part2

:=sL1 Ib2+^ 8b2+^ eb2+*L1 X22H-sL1Lu2-l-xterm

80
total

:" (sL1
parti

+ s*-1
para)

sL1
total

=2-433



Airborne Simulation

Error Type: I

The starting values for the equation are as follows:

e:=.873 Eb:=.900 Ld :=8.50 Lu := 3.533

Lt:=37.34 Ltab := 39.00 x2:=0.873

6s:=.523599 6b :=.523599 Es:=0.00

It :=1 Dj:=1 F:=l

Case 1: Diffuse target hit

Ll :=(e-Lt a- (It-Es-cos(Gs) -i-F-(Ld) + (1 - F)-(Ltab+ Ib-Escos(8b)( 1 -

eb)))( 1 - e))-x2+ Lu

Ll =32.933

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
^
:=(Lt- It-Es-cos(8s) - F-Ld - ( 1 - F)-(Ltab+ Ib-Es-cos(6b)-( 1 - tb)))-x2

dLl
^

:=Es-cos(8s)-(l - e)-x2

dLl
ms :=(It-cos(Gs) +

(1 - F)-Ib-cos(Gb)-( 1 - eb))-( 1
- e)-x2

dLl
d0s :=-It-Es-sin(8s)-(

1 - e)-x2

dLl
jp

:= (Ld - Ltab- Ib-Es-cos(8b)-( 1 -

Eb))-( 1
- e)-x2

dLl6Li:=F(l-t)x2

dLldUab:=(l-F).(l-e)-t2

dLl
dIb :=(

1 - F)-Es-cos(8b)-( 1 -

Eb)-( 1
- e)-x2

dLl
d0b :=-(

1 - F)Ib-Es-sin(Gb)-( 1 -

b)-( 1 - e)-x2

dLl
deb

:=-(l - F)-Ib-Es-cos(8b)-(l - e)-x2

dLl
^2 :=e-Lt+ (It-Es-cos(Gs) +- F-Ld + ( 1 - F)-(Ltab+ Ib-Es-cos(Gb)-( 1 -

eb)))( 1 -

e)

dLldLu:=1



These derivatives are used to form the components of the Beers

error calculation:

se:= 0.025 sLt:= 0.09 slt:=0 sLu:= 0.071

sEs:=0

s8s :=0.05236

sLd::

sLtab

= 0.25

:=0.09

s6b :=0.05236

sb :=0.025

Px2Lu:=--8381

sF:=0.10
slb:= 0 sx2 :=0.03

1
sLl

= 0.629

/ 1

:-sLt2)2

l

i\2

sLlLt= 0.069

sLl^cO^-sIt2)

sLlpj^fdLl^-sEs2)

2

6s (dLldes2.s8s2)sLl ftc
:= dLl Hflc -s8s

UF:=(dLldF2-iF^

^Ld-^dLd2-8"2)
2

^Ltab-^dLtab2-8^2)

i

sLl
0b

:= (dLl
deb2-sGb2]

sLlx2:=(dLldx22-sx22)

sLl
jj
= 0

*LlEs=

sLl0s=O

sLlF
= 0.338

sLlj^ =0.028

sL1Ltab=0

sLlIb=0

sLl0b=O

^eb-t^deb2-^2)
sLlb=0

sLlx2
= 1.01

sLl
^

:= (dLl
dLu^sLu2) sL1

^
=Qm



The cross term of the correlated variables Tau2 and Lu is:

xterm :=[p x2Lu-(dLl dx2)
-(dLl^ -sx2-sLu] ^^^

The total Beers error is expressed as:

&-1
parti

:= sL1 + sL1 + sL1 + sL1 + sL1 +^ + sL1 +^ Uab

50
part2

:= sL1 + sL1 + &-1
eb

+ sL1 +^ Ix?+
x^

sL1
total

:" (sL1
parti

+ *"
paitz)

sLltotal= 1.217



Airborne Simulation

Error Type: M
The starting values for the equation are as follows:

-.873 b:=.900 Ld:=8.50 Lu := 3.533

Lt := 37.34 Ltab :=39.00 x2 :=0.873

8s := .523599 8b :=
.523599

Es := 0.00

It := 1 Ib:=l F:=l

Case 1: Diffuse target hit

Ll :=(-Lt+ (ft-Es-cos(8s) -r-F-(Ld) + (1 - F)-(Ltab+ Ib-Es-cos(8b)-(l
- b)))-(l - e))-x2+ Lu

Ll =32.933

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
fe
:=(Lt- It-Es-cos(Gs)- F-Ld- (1 - F)-(Ltab+Ib-Es-cos(eb)-(l - b)))x2

dL1dLt:=e''c2

dLl (flt:=Es-cos(8s)(l- e)-x2

dLl
dEs :=(It-cos(8s)+

(1 - F)-Ib-cos(eb)-( 1 - eb))-(l
- e)-x2

dLl
des :=-ft-Es-an(6s)-(

1 - e)-x2

dLl
dp

'= (Ld - Ltab- Ib-Es-cos(eb)-( 1 - b))-( 1
- )-x2

dLljLd-FCl-e)^

dLldLtab:=(1-F)-<1-e)-'t2

dLl
dn, :=d

- F)-Es-cos(8b)-(l - b)-(l - e)-x2

dLl
d0b :="(

1 ~ F)-Ib-Es-sin(Gb)-( 1
- b)-(l - )-x2

dLl
deb

:=-d- F)-Ib-Es-cos(Gb)-(l - e)-x2

dLl
d^

:=-II+ (It-Es-cos(es) -hF-ljd + (1
- F)-(Ltab+ rb-Es-cos(eb)-(l - Eb)))-( 1

-

e)

dLldLa:=l



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:= 0.63 slt:=0 sLu:= 0.636

sEs :=0

s8s :=0.1309

sLd::

sLtab

= 2.26

:=0.63

sGb:=0.1309

ssb :=0.05

Px2Lu:=--8381

sF:=0.20 slb:= 0 sx2:=.03

1

I
sLl

= 1.259

^1^=0.48

i

sLl
fi
= 0

1

sLl^^dLl^-sEs2)

J

sLlEs=0

sLl0s:=(dLld0s2-s8s2)
sLl0s=O

l

/ > ->\2

sLlp-fdLl^-sF2)

sLlLd'^dLldLd'-sLd2)

sL1Ltab:=(dL1dLtab2-sLtab2)

sLljb^JdLl^-sIb2)

sLl0b:=(dLldeb2-s8b2)

sLlF
= 0.676

sLljj
=0.251

sL1Ltab=

sLlIb=0

sLl0b=O

^1eb:=(dL1deb2-seb2)
sL1Eb=

sLlx2
= 1.01

sLl
m

:= (dLl
dLu'-sLi2) sL1

^
=Q36



The cross term of the correlated variables Tau2 and Lu is:

xterm :=[p T2Lu-(dLl^ -(dLl^ -2-sLu] ^ =_Q 539

The total Beers error is expressed as:

sLl
partl

:=sLl 2+ sLl u2+ sLl a2+ sLl j^+ sLl es2+ sLl
F2-t- sLl m2a- sLl

sL1
part2

:=sL1 Ib2+" 8b2+ *" + sL1 x22+sL1 + xmn

"
total

:= O^1
partl

+ sL1

part2)

sL1
total

= 1-795



Error Type: P

The starting values for the equation are as follows:

e:=.873 b:=.900 Ld:=8.50 Lu:=3.533

Lt:=37.34 Ltab:=39.00 x2:=0.873

8s:=
.523599 8b :=

.523599 Es:=0.00

It :=1 lb :=1 F:=l

Case 1: Diffuse target hit

Ll :=(E-Lt-t-(It-Es-cos(es)-HF(Ld) + (l-F)-(Ltab+Ib-Escos(Gb)-(l-Eb)))-(l-E))-x2 + Lu

Ll =32.933

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl
^
:=(Lt- It-Escos(Gs) - F-Ld- (1 - F)-(Ltab+ Ib-Es-cos(6b)-(l - Eb)))-x2

dLldLt:=e-x2

dLl
dIt

:= Es-cos(8s)-( 1 - e)-x2

dLl
dpj

:= (It-cos(8s) + ( 1 - F)-Ib cos(eb)-( 1 -

Eb))-( 1
- e)-x2

dLl
d0s :=-It-Es-sin(8s)-(

1 - e)-x2

dLl
jp

:= (Ld - Ltab- Ib-Es-cos(eb)( 1 -

b))-( 1 - e)-x2

dLljLd-F-d-E)^

dL1dLtab:=(1-F)-<1-e>-x2

dL1
dlb :~(

l ~ F)-Es-cos(8b)-( 1 -

eb)-( 1
- e)-x2

dLld0b :=-(l
- F)-Ib-Es-sin(8b)-(l - eb)-(l - e)-x2

dLl
dh

:=-(l - F)-Ib-Es-cos(8b)-(l - e)-x2

dLl
^2 :=-Lt+ (It-Es-cos(6s) +- F-Ld + (1 - F)-(Ltab+ Ib-Escos(6b)( 1 -

b)))-( 1 -

e)

dLldLu:=1



These derivatives are used to form the components of the Beers
error calculation:

se:=0.05 sLt:=1.73 slt:=0 sLu:=C636

sEs:=0 sLd:=2.26 sGb :=0.1309
Px2Lu :=-0.8381

sGs:=0.1309 sLtab:=1.73 sb :=0.05

sF:=020 slb:=0 sx2 :=0.03

1

j sLl
= 1.259

^-(dLldLt2-^2)2

1

^Es^KidEs2-^2)

l

l

^Ld-K^dLd2-8"2)

sL1Ltab:=(dL1dLtab2-sLtab2)

JiL1eb:=(dL1deb2-seb2)

2

1

l

i

^Ux-i^cJLa2-^2)

^1^ = 1318

sLl^= 0

sLlEs=0

sLl0s=O

sLlF
= 0.676

sLIlj =0.251

i
sL1Ltab=0

sLl
,
= 0

sLl
0b

= 0

sLlb=0

sLlx2
= 1.01

sLl^ =0.636



The cross term of the correlated variables Tau2 and Lu is

xterm :=[p x2Lu-(dL1 dx2)
'i61-1

dLu) -s^-sLu]
xterm =-0.539

The total Beers error is expressed as:

sL1
partl

:~ sL1 / + sL1 + sL1
Jt +

sL1 + sL1 + sL1 + sL1 +^

sL1
part2

:=^
Jb + ^L1 +^

zb
+^

xl
+ sL1 +x^

sL1
total

:_ (sL1
partl

+ sL1

part2)

sL1 total"2-175



Airborne Simulation

Error Type: C

The starting values for the equation are as follows:

e:=.873 Eb:=.900 Ld:=8.50
'

Lu :=3.533

Lt :=3734 Ltab := 39.00 x2 :=0.873

8s := 323599 8b :=
.523599 Es := 0.00

It :=1 Ib:=l F:=l

Case 1: Diffuse target hit

Ll := (E-Lt -t- (It-Es-cos(es) +-F-(Ld)+ ( 1 - F)-(Ltab+ Ib-Es-cos(eb)-( 1 - eb)))( 1 - E))-x2+ Lu

Ll =32.933

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dLl^
:=(Lt- lt-Es-cos(es)- F-Ld- (1 - F)-(Ltab+Ib-Es-cos(8b)-(l - b)))-x2

dLldif =e-T2

dLl
<JIt

:=Es-cos(es)-(l - e)-x2

dLl
dBs :=(It-cos(Gs) +

(1 - F)-Ib-cos(8b)-( 1 - b))-(l - e)-x2

dLl
d9s :=-It-Es-sin(es)-(

1 - e)-x2

dLl dp:=(Ld - Ltab- Ib-Es-cos(Gb)-( 1 - eb))-( 1 - e)-x2

dLldLd:=F-(l-)-x2

dLldLteb-d-FMl-E)^

dLl
^

:=(1 - F)-Es-cos(6b)-(l - Eb)-(1 - e)-x2

dLl
d0b

:=-(l - F)-Ib-Es-sin(8b)-(l - b)-(l - e)-x2

dLl
dh

:=-(l - F)-Ib-Es-cos(6b)-(l - e)-x2

dLl
(^2 :=E-Lt-i-(ft-Es-cos(Gs) +

F-Ld-- (1 - F)-(Ltab+Ib-Es-cos(6b)-(l - b)))-(l - e)

dLldLu:=1



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73 slt:=0 sLu:= 2.120

sEs:=0 sLd:=5.10 s8b:= 0.1309 Px2Lu:=--8381

sGs :=0.1309 sLtab:=1.73 sb:=0.05

sF:=0.20

i

slb:=0 sx2 :=0.03

"e-^de2"

2\2

S 1

^Es^^oEs2-^2)
2

-(^des2-5652)

i

sLlTH:=fdLl^/sLd^dLl^-sLd2)

sLl T ,ok
:= dLl jT toK -sLtab

=(Ltab
- y^1

dLtab

sLl ru
:= dLl An, -siblb
= (dLldlb2.SIb2)

2

sLl0b:=(dLldeb2-sGb2)

2

2
.~P

:;Ll^:=(dLi^0i-sx2

sLlT
:=(dLl^T2-sLu2

sLl = 1.259

sLlu
= 1-318

sLl
R
= 0

sLlEs=0

sLl0s=O

sLlF
= 0.676

sLlLd= 0.565

sL1
Ltab

=

sLlIb=0

sLl0b=O

^eb-^deb2-^2)
sL1eb=0

x2-\^di2'^l SLlx2
= 1.01

Lu-^dLu-^y ^1^=2.12



The cross term of the correlated variables Tau2 and Lu is:

xterm := [p (dLl^ (dLl^ -sx2.sLu]
xterm = -1.795

The total Beers error is expressed as:

aA
partl

:=sL1
2+

sL1 Lt2+ aA H2+ sL1 Es2+ sL1 es2"*" sL1
F +*" + sL1

sL1
part2

:=sL1 Ib2+ aA Gb2+^ Eb2+sL1 x22+sL1 l^-i-xterm

total
:_ (sL1

partl
+ sL1

part2)

sL1
total

=2-796



The cross term of the correlated variables Tau2 and Lu is:

xterm :=[p x2Lu-(oLl^ -(dLl^ -sx2-sLu]
xterm =-1.795

The total Beers error is expressed as :

**
partl

:=sL1
e2+
" Lt2+ *" Jt2+ sLl + sLl 0S2+ sLl

p2+- sLl j^-H sLl

sL1
part2

:=sL1 Ib2+ sL1 Gb2+ sL1
b2+
^ x22+

aA lJ+ xtemi

50
total

:= (sL1
partl

+^
part2)

sL1
total

=2-796



Raylnteraction Type 2

Specular Bounce to Sky (Water)

_ . . , , ,. Rooftop Simulation
The starting values for the equation are as follows:

Frrnr T T

e:=0.702 Lt:=32.15 It := 1 Es :=0.0

6s :=.349066 Ldhat:=83 x2:=0.97 Luhat:=0.90

Case 2 : Specular bounce to sky

L2 := (E-Lt H- ( It-Es-cos(Gs) +- Ldhat)( 1 -

e) ) -x2 + Luhat

L2= 25249

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dl^^
:=(Lt- H-Es-cos(6s)- Ldhat)-x2

dL2dLt:=-x2

dI-2^ :=Es-cos(Gs)-(l
- e)-x2

dL2dEs :=ft-cos(es)-(l
- e)-x2

dL2d0s :=-It-Es-sin(8s)-(l
- e)-x2

dL2dLdhat:=(1-)-x2

dL2
^

:=-Lt + (It-Es-cos(8s) -t- Ldhat)( 1 -

e)

d^dLuhat^1

These derivatives are used to form the components of the Beers

error calculation:

se:= 0.025 sLt:=0.09 slt:=0 sEs:=0

s8s:=0.05236 sLdhat-0.25 sx2 :=0.03 sLuhat :=0.02

Px2Lu:=--8381

sL2E:=(dL2de2-s2] sL2c
= 0.574

._{ o
2

_T ,2\

'



i

sL2ft
= 0

2

1

sL2Es=0

1

sL20s=O

sL2
Ldhat

:= (dL2
dUbx'^*2)

*

i

8L2Ldhat=0-653

sL2x2:=(dL2dx22-sx22)

i

sU^ =0.753

^
Luhat

:=(^
dLuhat2"81^1312)

2

sL2LUhat=016

The cross term for the correlated variables Tau2 and Lu is

xte := [P x2Lu (d12 dx2)
"{^

dLuhat) -5x2-81011131]
xterm =-0.101

The total Beers error is expressed as:

^ total:=(^ +^i/+
s^ +^ +^ +*^

s^tota^1-555



Rooftop Simulation

Error Type: P
The starting values for the equation are as follows:

e:=0.702 Lt:=32.15 R:=l Es:=0.0

8s :=.349066 Ldhai:=8.5 x2:=0.97 Luhat:=0.90

Case 2 : Specular bounce to sky

L2 :=(e-U+ (It-Escos(6s) -h Ldhat)-( 1 -

E))-x2+ Luhat

L2 =25249

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL2
^

:= (Lt - It-Es-cos(Gs) - Ldhat)x2

dL2dLt:=e-T2

d1-2
dlt :-Es-cos(Gs)-(

1 - e)-x2

d^dEs :=lt-cos(0s)-(l
- E)-x2

dL2d0s :=-It-Es-sin(8s)-(l
- e)-x2

d^dLdhat^d-^^2

&2rYr2 :=e-Lt+ (It-Es-cos(8s) + Ldhat)-(1
-

e)

d^dLuhat^1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73 slt:=0 sEs:=0

s8s:=0.1309 sLdhat:=226 sx2 :=0.03 sLuhat:=0.16

Px2Lu:=--8381

i

,
2

sL2
= 1.147

sL2
u

:= (dL2 ^-sLt2) sL2
u
= 1.178



sL2lt:=(dL2dIt2-sIt2)

sL2Es:=(dL2dEs2.sEs2)

^Gs^t^^-sGs2)

2

^
Ldhat

:= (dL2
dLdhat2'81^1312)

sL2x2:=(dL2dx22-ST22)

42
Luhat

:= (d12dLuhaT81^*
2

sLZj^ 0

sI2Es=0

sL20s=O

*L2
Ldhat

=0-653

sI2x2 =0.753

sL2
Luhat

=016

The cross term for the correlated variables Tau2 and Lu is:

xteim

:=[Px2Lu-(dL2dx2)-(dL2dLuhat)-8x2-sLuhat]
xterm =-0.101

The total Beers error is expressed as:

s12
total

:= (** +**U + ** + ** + sL2 +^ +" + "L2

Luhat2+xtenn)

512^
= 1.903



Rooftop Simulation

Error Type: C

The starting values for the equation are as follows:

e:= 0.702 Lt:= 32.15 It := 1 Es:=0.0

Gs:=.349066 Ldhat := 8.5 x2:=0.97 Luhat := 0.90

Case 2 : Specular bounce to sky

12 :=(-Lt+ (It-Es-cos(Gs) + Ldhat)-( 1 - e))-x2 + Luhat

12=25249

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

cR2fe
:=(Lt- ItEs-cos(Gs) - Ldhat)x2

612^:=-x2

d^dlt '=Es-cos(6s)-( 1
- )x2

dL2dEs :=ft-cos(Gs)-(l
- e)-x2

dL2d0s :=-It-Es-sin(8s)-( 1
- e)-x2

d^dLdhat^^-6)"12

dI2
dr2

:=E-Lt+ ( It-Es-cos( 8s) a- Ldhat)-( 1
-

e)

d^dLuhat^1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73 slt:=0 sEs:=0

s8s :=0.1309 sLdhat :=5.10 sx2 :=0.03 sLuhat:=0.54

px2Lu:=-0.8381

i

sL2
= 1.147

i

sL2Lt
= 1-178



sL2It:=(dL2dIt2-sIt2)

sL2Es:=(cIL2dEs2sE82)

= (dL2d0s2.sGs2)^es^ld^des-868

2 T ju *2\

2

**
Ldhat

:= (dL2 dLdhat2"81^1^

sL2x2:=(dCldx22-sx22)

812
Luhat

:= (d^ dLuhat2-81^1^2
_t

i._.2\

2

812^= 0

sL2Es=0

sI28s=0

sL2Ldhat
= 1-474

sL2x2= 0.753

sL2
Luhat

= 0-54

The cross term for the correlated variables Tau2 and Lu is

x^

:=[px2Lu-((1L2dx2)-(dL2dLuhaO-8T2"sLuhat]
xterm =-0.341

The total Beers error is expressed as:

812
total

:=(^ + sL2 +^ +^ +^ + sUZ +" +^
Luhat2+Xtenn)

812
total

=2-323



Airborne Simulation

The starting values for the equation are as follows:
Error Type:

e:=0.702 Lt:= 32.15 It := 1 Es:=0.0

8s :=.349066 Ldhat := 8.5 x2:= 0.873 Luhat := 3.533

Case 2: Specular bounce to sky

12 := (E-Lt a- ( h-Es-cos( 8s) -t- Ldhat) -( 1 -

e) ) -x2 + Luhat

12=25.447

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

(112^
:=(Lt- It-Escos(es) - Ldhat)-x2

dL2(SjL:=z-x2

d^dlt :=Es-cos(Gs)-( 1 - )-x2

d^dEs :=It-cos(8s)-(l
- e)-x2

dL2d0s :=-It-Es-sui(Gs)-( 1
- e)-x2

d^dLdhat^1-^2

(112^2 :=E-Lt+ (It-Es-cos(8s) 4-Ldhat)-(
1 -

e)

d^dLuhat^1

These derivatives are used to form the components of the Beers

error calculation:

se:= 0.025 sLt :=0.09 slt:=0 sEs:=0

s8s:=0.05236 sLdhat:=025 sx2 :=0.03 sLuhat:=0.07

Pt2Lu:=--8381

2

sL2:=(dL2d2-sE2)

2

,
2

s!2
=0.516

sL2Lt:=(dL2dLt2-sU2)
sL2Lt= 0.055



sL2Es:=(<1L2dEs2-8E82)

8L28s:=(dL2d8s2-8e82)

812
Ldhat

:= (d12
dLdhat2-81^312)

2

812
Luhat

:= (dL2
dLuhat2'81^1312)

512^=0

812^= 0

sL2es=0

sL2
Ldhat

=0065

512^=0.753

^
Luhat=7

The cross term for the correlated variables Tau2 and Lu is:

"to :=[P x2Lu-(dL2 dx2)
' (d12

dLuhat) -siZ-sLuhat]
xterm =-0.044

The total Beers error is expressed as:

^
partl

:=sL22+ ^Lt2^ sL2It2+ sL2Es2+
^es2

80
part2

:= sL2 + a2- + sL2 +x^

sL1
total

:= (sL1
partl

+^
part2)

^
total

=0-895



Airborne Simulation

Error Type: M
The starting values for the equation are as follows

e:= 0.702 Lt : =32.15 It := 1 Es:=0.0

8s :=.349066 Ldhat := 8.5 x2 := 0.873 Luhat := 3.533

Case 2 : Specular bounce to sky

12 :=(-Lt a- (It-Es-cos(8s) -t- Ldhat)-( 1 - e))-x2 + Luhat

12=25.447

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL2
fe

:= (Lt - h-Es-cos( 8s) - Ldhat)-x2

6L2<Sji:=z-x2

dL^dlt :=Es-cos(es)-(l
- E)-x2

d^dEs :-Hcos(6s)-(l
- e)-x2

dL2d0s :=-U-Es-sin(8s)-( 1
- e)-x2

dL2dLdhat:=(1-e)-x2

dL2dx2 :=-Lt+ (It-Es-cos( 8s) -f- Ldhat)( 1 - e)

d^dLuhat1-1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=0.63 slt-O sEs:=0

s8s:= 0.1309 sLdhat :=226 sx2 :=0.03 sLuhat:= 0.636

Pt2Lu:=--8381

2

sL2e:=(dL2d2-s2J sL2
= 1.032

2

/ t i\ 2

sL2 w .
:= (dT -2 s* }-&?\ sL2

Lt
= 0.386



sI2I1:=(dL2dIt2.sIt2)

(dU^-sBs2)sI2t,0:= dL2^/-sEs
2

Es-Vul^dEs

^Gs^^dGs2-8682)

812
Ldhat

:= (dL2
dLdhat2-81^312)

2

8L2x2:=(dL2dx22'8x2)

^
Luhat

:= (dL2
dLuh^-sLuhat2)

512^= 0

512^= 0

sL20s=O

8L2Ldhat=0-588

512^=0.753

812
Luhat

=0-636

The cross term for the correlated variables Tau2 and Lu is :

xte :=[px2Lu-(dL2dx2)-(dL2dLuhat)-8x2-8Luhatl
L J

xterm =-0.401

The total Beers error is expressed as:

80
partl

== sL2 + sL2 + sL2^+ sL2^+ sI2

sL1
part2

:= sL2 ^ sL2 + sL2 + ^m1

2

sL1
total

:= (""
partl

+ sL1

part2)

*

"
total

= L46



Airborne Simulation

Error Type: P
The starting values for the equation are as follows:

e:= 0.702 Lt:= 32.15 It := 1 Es:=0.0

8s := .349066 Ldhat := 8.5 x2:= 0.873 Luhat := 3.533

Case 2 : Specular bounce to sky

12 :=(-LH- (It-Es-cos(8s) + Ldhat)-( 1 - e))-x2 + Luhat

12 = 25.447

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL2
^

:= (Lt - It-Es-cos( 6s) - Ldhat)-x2

dL2dLt:=e-x2

dL^dft :=Es-cos(Gs)-(l
- E)-x2

d^dEs :=ltcos(8s)-(l
- e)-x2

dL2d0s :=-It-Es-sin(Gs)-(l
- e)-x2

d^dLdhat-d-e)^

dL2dx2 :=eLt+ (It-Es-cos(Gs)4-Ldhat)-(l - e)

d^dLuhat^1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73 slt:=0 sEs:=0

s8s:=0.1309 sLdhat =226 sx2 :=0.03 sLuhat:= 0.636

Px2Lu:=--8381

sI2e:=(dL2d2-s2] sL2
= 1.032

l

sL2Lt
= 1.06



2

i

812^= 0

sL2Es:=(dL2dEs2-sEs2)

2

512^= 0

sL2Gs:=((1L2dGs2-8es2)

2

sI2es=0

^
Ldhat

:= (dL2
dLdhat2-81^1312)

2

2

812
Ldhat

= 0-588

sI2x2:=(dL2dx22.sx22)

i

sL2x2 =0.753

812
Luhat

:= (dL2
dLuhat2-81^312)

*

812
Luhat

=0636

The cross term for the correlated variables Tau2 and Lu is :

xtam :=[p x2Lu-(dL2dx2) -(d^dLuhat)
-sT2-sLuhatl

L J
xterm =-0.401

The total Beers error is expressed as:

"partl
:=sL2e2-HsI2a2+sI2K2+sOEs2+sI20s2

""
part2

:= sL2 + sL2 + sL2 + xtenn

2

sL1
total

:= (*"
partl

+ sL1

pare)

2

sLl
totai

= 1-762



Airborne Simulation

Error Type: C
The starting values for the equation are as follows:

e:=0.702 Lt:= 32.15 It := 1 Es:=0.0

6s := .349066 Ldhat :=8.5 x2:=0.873 Luhat :=3.533

Case 2: Specular bounce to sky

12 :=(-Lt-t-(It-Escos(6s)-|-Ldhat)-(l - e))-x2 + Luhat

12=25.447

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

(02^
:=(Lt- It-Es-cos(es) - Ldhat)-x2

dL2dLt:=E-x2

d^dlt :=Escos(8s)-(l
- e)-x2

dL2dEs :=It-cos(es)-(l
- e)-x2

dL2d0s
:=-tt-Es-sin(6s)-(l- E)-x2

d^dLdhat^-EH2

dL2
^j :=e-Lt+ (It-Es-cos(8s) + Ldhat)-( 1

-

e)

d^dLuhat^1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73 slt:=0 sEs:=0

s8s:=0.1309 sLdhat:=5.10 sx2 :=0.03 sLuhat :=2.120

Px2Lu:=--8381

sLV^de2-8^)

^Lt

sI2
= 1.032

l

2 sL2Tl= t.OCcO



sL2Es:=(dL2dEs2.sEs2)

(dL2d0s2-s8s2)^Gs- dudes'868

^
Ldhat

:= (d^
dLdhat2-81^312)

2

sL2
Luhat

:= (dL2
dLuhat2-sLuhat2)

812^.= 0

512^= 0

sL29s=0

sL2
Ldhat

= 1-327

sL2x2= 0.753

sL2
Luhat

= 2-12

The cross term for the correlated variables Tau2 and Lu is:

xtenn :=[P xTLai^ dx2)
* (dL2

dLuhat) -s^-sLuhat]
xterm =-1.338

The total Beers error is expressed as:

sL1
partl

- sI2 + sL2 + sL2^+ sL2 + sL2

sL1
part2

:= sL2 +sL2x22a-sL2
j^^

a- xterm

80
total

:=(sL1
partl

+ sL1part2)

sL1
total

=2-77



Raylnteraction Type 3

Specular Bounce to Background (Asphalt to Car)

Rooftop Simulation
The starting values for the equation are as follows: Error Type: I

e:=0.916 Lt:=39.47 8s := 0.785398 It := 1

b:=0.939 Ltb := 55.69 6b := 0.785398 lb := 1

Es:=0.0 x2:=0.97 Lu :=0.90

Case 3 : Specular bounce to background

L3 -(E-Lt-t-(It-Es-cos(8s) a- Eb-Ltb a- Ib-Es-cos(6b)-( 1 -

b))-( 1 - e))x2 + Lu

L3 =40.231

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3
^

:= (Lt- It-Es-cos(es) - b-Ltb - Ib-Es-cos(eb)-( 1 - Eb))-x2

tSU^ztl

dL3
djt

:=Es-cos(8s)-(l - e)-x2

oL3
jjEs :=(h-cos(es) + Ib-cos(6b)-( 1

- b))-( 1 - )-x2

dL3
d0s :=-It-Essin(6s)-(

1 - e)-x2

dO^t,
:=(Ltb- Ib-Es-cos(8b))-(l- )-x2

dL3dLlb:=eb-(l-e)-t2

dL3
djf, :=Es-cos(eb)-(

1 -

Eb)-( 1
- e)-x2

dL3
d0b :=-Ib-Es-sin(6b)-(

1 -

b)-( 1 - e)-x2

dL3
^2 :=e-Lt+ (It-Es-cos(6s) -t- Eb-Ltb +- Ib-Es-cos(8b)-( 1 - Eb))-( 1

-

e)

<JL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:= 0.025 sLt :=0.09 slt:=0
s8s:=0.05236

sb :=0.025 sLtb:=0.09 slb:=0
s6b:= 0.05236

sEs:=0.0 st?, :=0 03 sLu:=0.02 Px2Lu:="0-8381



sLS.-fdU^-se2)

^Lt^td^dLt2-81^2)

2

= (dL3dEs2-sEs2)sL3t3o:= dL3,ir;o -sEs

^Gs^ dL3dGs-8es= (dL3des2-8es2)

^Ltb^fd^dLtb2-81^2)

^Gb^td^deb286152)

(dL3dx22-sx22)sL3x2:= dL3dx2-sx2

^Lu^fdUdLu'-sLu2)

sL3
=0.311

sL3Lt=0-08

513^=0

sL3Es=0

i
8L3Gs=

sL3b =0.113

sL3Ltb=0-007

2

2
8L3Gb=0

2

sL3x2
= 1.216

sL3Lu=0.02

The cross term of the correlated variables Tau2 and Lu is:

xterm

:=[px2Lu-(dL3dx2)-(dUdLu)-sx2-sLu]
xterm =-0.02

The total Beers error is expressed as:

sL3
partl

:=sL3
z
+ sL3U+ sL3 ft2+ sL3 5"+ sL3 Gs'* sL3

sL3
part2

:= sL3 + sL3 + sL3 + sL3 + sL3 + xtenn

^
total

:~ (sL3
partl

+ sL3

pare)

sL3
total

= 1-255



Rooftop Simulation

Error Type*
M

The starting values for the equation are as follows:
"

JF

e:=0.916 Lt:= 39.47 6s := 0.785398 It :=1

Eb:= 0.939 Ltb := 55.69 6b :=0.785398 lb :=I

Es:=0.0 x2:=0.97 Lu :=0.90

Case 3 : Specular bounce to background

L3 :=(-Lt-i- (It-Es-cos(6s) a- Eb-Ltb a- Ib-Es-cos(8b)-(l - Eb))-( 1
- e))-x2+ Lu

L3 =40231

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dU^
:=(Lt- ft-Es-cos(6s)- b-Ltb- Ib-Es-cos(eb)-(l- Eb))-x2

6L3 (SLx:=z-x2

dL3
^ :=Escos( 8s)-( 1 - e)-x2

dL3
(j^

:= (It-cos( 6s) + Ib-cos(8b)-( 1 -

b))-( 1 - e)-x2

dL3d0s :=-It-Es-sin(es)-(l
- e)-x2

dU
^b

:= (Ltb - Ib-Es-cos( 8b) )( 1 - e)-x2

dUdLth-eb-d-E)^

dL3
dn, :=Es-cos(8b)-(

1- eb)-(l- e)x2

dUd9b :=-Ib-Es-sm(8b)-( 1 - b)-(l - e)-x2

dL3
dx2 :=e-Lt+ (It-Escos(8s)

a- Eb-Ltb -f- Ib-Escos(eb)-( 1 -

Eb))-( 1
-

e)

dL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=0.63 slt:=0
s6s:= 0.1309

sb :=0.05 sLtb :=0.63 slb:=0
s6b:= 0.1309

sEs:=0.0 sx2 :=0.03 sLu:=0.16 Px2Lu:=--8381



2

sL3E:=(dL3dE2-8e2)

^U^^du^2)

2

8L3Es:=(dL3dEs2-8E82)

^es-td^des2-8682)
2

(dU^-SEb2)^Eb-ld^dEb^

2

^Ltb^^dLtb2-81^2)
2

sLS^-fdUdft'-sIb2)

^eb^tdLSdeb2-8^2)

sL3x2:=((IL3dx22-8x22)

^Lu-^dLu2'81^2)

sL3= 0.622

sL3Lt=0.56

80^
= 0

.
51^=0

sL30s=O

, sL3b =0.227

sUy, =0.048

,
50^=0

i
8L3eb=0

sL3x2
= 1216

sL3lu=0.16

The cross term of the correlated variables Tau2 and Lu is:

xteim :=[P x2Lu-(dL3 dx2)
'(dL3

dLu) -2-*u]
xterm =-0.163

The total Beers error is expressed as :

sL3
partl

:=sL3e2+sULt2

+
sL3It2

+
sL3Es2-rsL3es2-HsL3eb2

sL3
part2

:= sL3 + sL3
Tb + sL3 + sL3 + sL3 + xterm

813
total

:= {**
partl

+ sL3
part2)

^3
total

= 1-448



Rooftop
Simulation

The starting values for the equation are as follows:
Error yp

e:=0.916 Lt:= 39.47 8s := 0.785398 It :=1

Eb :=0.939 Ltb :=55.69 6b := 0.785398 lb :=1

Es:=0.0 x2:=0.97 Lu :=0.90

Case 3 : Specular bounce to background

L3 :=(-U-h(ft-Es-cos(6s)-i-b-Ltb-i-Tb-Escos(eb)-(l - b))-(l - e))-x2 + Lu

L3 =40231

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3 d
:= (Lt- It-Es-cos(8s) - Eb-Ltb - Ib-Es-cos(eb)-( 1 - Eb))-x2

dL3dLt:=e-T2

dL3
dit :=Es-cos(8s)-(

1 - e)-x2

dL3
dEs :=(It-cos(es) +

Ib-cos(eb)-(l - b))-(l - e)-x2

dL3
des :=-It-Es-sin(Gs)-(

1 - e)-x2

dL3 dtb
:=(Ltb - Ib-Es-cos(eb))-(l - e)-x2

dL3dLtb:=eb'(1->'x2

dL3
du, :=Es-cos(eb)-(

1 -

Eb)-( 1
- e)x2

dL3
deb :=-Ib-Es-sin(6b)-(

1 -

b)-( 1 - e)x2

0X3^2 :=e-Lt+ (tt-Es-cos(Gs)
-i- Eb-Ltb +- IbEscos(eb)-( 1 -

Eb))-( 1
-

e)

dL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sU:=1.73 sit :=0 s6s := 0.1309

sb :=0.05 sLtb:=1.73 slb-O
s6b:= 0.1309

sEs:=0.0 sx2 :=0.03 sLu:=0.16 Px2Lu:=--8381



^^"(d^dLt2-8^2)

2

= (dL3dEs2-8Es2)sL3 !,.:= dL3HRc -sEs

2

sL3es:=(dUdes2-ses2)

2

sL3Ltb:=(dL3dLtb2-sLtb2)

2

2

^Lu-fdUdLu'-sLu2)
2

sL3= 0.622

sL3Lt= 1-537

sL3ft= 0

,
^3=0

^65=

sL3b=0227

sL3t,k =0.132'Ltb

80^=0

,
8L3Gb=

sL3x2
= 1.216

sL3lu=0.16

The cross term of the correlated variables Tau2 and Lu is:

xterm := [p (dL3
^2)

(dL3
dm) -sx^sLu]

xterm =-0.163

The total Beers error is expressed as :

^
partl

:= sL3/+ sL3 + sL3 + sL3 + sL3 + sL3

sL3
part2

:=sL3 Ltb2+ ** + sL3Qb+sl3 <l +
sL3 Lu2+ xterm

813
total

:= (sL3
partl

+ sU
pare)

8E3
total

=2-04



Rooftop Simulation
The starting values for the equation are as follows: Error Type: C

e :=0.916 Lt:= 39.47 8s :=0.785398 It := 1

Eb:= 0.939 Ltb := 55.69 8b := 0.785398 Ib:=l

Es: = 0.0 x2:=0.97 Lu:=0.90

Case 3 : Specular bounce to background

L3 :=(-LH- (HEs-cos(es) a- Eb-Ltb +. Ib-Es-cos(8b)-( 1 - Eb))-( 1
- e))x2 + Lu

L3 =40231

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3
^

:= (Lt - HEscos(es) - Eb-Ltb - Ib-Es-cos(6b)-( 1 -

Eb) )-x2

dL3dLt:=E-x2

dUdjt :=Es-cos(es)-(l
- e)-x2

dL3
dEs :=(It-cos(8s) + Ib-cos(8b)-( 1

-

b))-( 1 - e)-x2

dL3
d0s :=-tt-Es-sin(6s)-(

1 - e)-x2

dU^j, :=(Ltb
- Ib-Es-cos(eb))-(l - e)-x2

^icsub:=h<1-z>t2

dL3
^ :=Es-cos(eb)-( 1

-

b)-( 1 - e)-x2

d^dGb
:=-lb-Es-sin(8b)-(l- Eb)-(1 - e)-x2

dL3
^2 :=eLt+ (It-Es-cos(6s) a- eb-Ltb -h Ib-Es-cos( 6b)-( 1 -

Eb) )( 1 -

e)

dL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sU:=1.73 slt:=0 s6s:=0.1309

sb:=0.05 sLtb:=1.73 slb:=0 s8b:= 0.1309

sEs:=0.0 sx2 :=0.03 sLu:=0.54 Px2Lu:=--838l



2

2

^Es-td^dEs2-8^2)

^es-fd^des2'8882)

2

^Ltb-^dLtb2-81^2)

2

sL3Gb:=(<IL3dGb2-8eb2)

-"(dU^-srl2)
sL3x2:=dL3dx2-ST2

sL3Lu:=(dL3dLu2-sLu2)

sL3= 0.622

sL3Lt
= 1.537

sL3a= 0

5L3Es=0

sUes=0

sL3eb=0227

sL3Ltb=0-132

513^=0

i
sL30b=O

2

sL3x2
= 1.216

sL3lu=0-54

The cross term of the correlated variables Tau2 and Lu is:

X* :=[p T2Lu((iL3 dx2)
" (dL3

dLu) 2-sLu]
xterm =-0.551

The total Beers error is expressed as :

sL3
partl

:=sL3 + **u+ sL3 + sL3 + sL3 Q2A- sL3

sL3
part2

:= sL3 + sL3 + sL3 +^ + sL3 + xterm

sL3
total

:~ (**
partl

+ sL3
part2)

sL3
total

=2-01



Airborne Simulation

The starting values for the equation are as follows:
Error Type: I

e:=0.916 Lt:= 39.47 6s := 0.785398 h:=l

Eb:= 0.939 Ltb := 55.69 8b :=0.785398 lb :=1

Es:=0.0 x2:= 0.873 Lu :=3.533

Case 3 : Specular bounce to background

L3 :-(z-Ua- (tt-Es-cos(6s) a- Eb-Ltb a- Ib-Es-cos(8b)-( 1 - b))-( 1 - e))-x2+ Lu

L3 = 38.931

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3
^

:= (Lt - It-Es-cos(es) - Eb-Ltb - Ib-Es-cos(eb)-( 1 - Eb) )-x2

dUdLt^E-t^

dL3
dit

:=Es-cos(6s)-(l - E)-x2

dUjjEs :=(H-cos(es) + Ib-cos(eb)-(l
- b))-(l - E)-x2

dL3
d0s :=-It-Es-sin(8s)-(

1 - e)x2

dL3
db

:=(Ltb - Ib-Es-cos(eb))-( 1 - e)-x2

dUjjLtb-eb-d-E)^

dL3
djt, :=Es-cos(eb)-(

1 -

b)-( 1 - e)x2

dL3
deb :=-Ib-Es-sin(6b)-(

1 - eb)-( 1 - e)-x2

cJL3fh2 :=-Lt+ (It-Es-cos(6s) + Eb-Ltb -(-rb-Es-cos(eb)-(l
- b))-(l - e)

dL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:= 0.025 sLt :=0.09 slt:=0
s8s:= 0.05236

Sb :=0.025 sLtb :=0.09 slb:=0
s6b:= 0.05236

sEs:=0.0 sx2:=0.03 sLu:=0.07 Px2Lu:=--8381



^^(d^dLt2-81^)

2

^^-(dUdEs2'8^2)

sL3es:=(dL3des2-8e82)

2

^zb-fadzb'**2)
2

-(dLSdLtb2-81^2)
sL3Trt,:= dL3^tK-sUb

8L3ib:=(dL3dIb2-8lb2)

"(d^dGb2-86112)
sL3eb:=ldL3deb-seb

2

sU^^cO^2^2)

2

= (dL3dLu2-sLu2)8L3Lu:= dL3dLu-sLu

2

sL3e=028

80^=0.072

sL3jt= 0

.
513^=0

sUes=0

sL3b =0.102

8135^=0.006

sL3rb
= 0

.
sUeb=0

^3^
= 1216

sL3m=0.07

The cross term of the correlated variables Tau2 and Lu is:

xterm :=[p T2Lu-(dL3^ -(dL3

dm) -s^-sLu]
xterm =-0.071

The total Beers error is expressed as:

sL3
partl

:=sL3 ^ Lt2+^ It2+^ Es2+ sL3 8s2+ sL3

sL3
part2

:= sL3 + sL3 + sL3 + sL3 + sL3 +x^

sL3
total

:- (^
partl

+^
part2)

sL3
total

= 1-228



Airborne Simulation

The starting values for the equation are as follows:
Error type.

e:=0.916 Lt:= 39.47 8s := 0.785398 It :=1

b:= 0.939 Ltb := 55.69 8b :=0.785398 Ib:=l

Es:=0.0 x2 :=0.873 Lu :=3.533

Case 3 : Specular bounce to background

L3 :=(-Lt+ (It-Es-cos(es) + Eb-Ltb + Ib-Es-cos(8b)-( 1 - b))-( 1 - e))-x2+ Lu

L3 =38.931

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3
de

:= (U- It-Es-cos(es) - Eb-Ltb - Ib-Es-cos(8b)-( 1 - Eb))-x2

dL3dLt:=*x2

dL3
^

:=Es-cos(Gs)-(l - e)-x2

dL3
jjps

:=(It-cos(6s) + Ib-cos(Gb)-( 1 -

b))-( 1 - )-x2

dL3
d0s :=-lt-Es-sin(Gs)(

1 - e)-x2

dL3
<kh

:=(Ltb - Ib-Es-cos(eb))-( 1 - e)-x2

d^dLtb-eb-d-e)^

dL3
dib :=Es-cos(eb)-(

1 -

b)-( 1 - e)x2

dL3
d0b :=-Ib-Es-sin(8b)-(

1 -

b)-( 1 - e)-x2

dL3
d^ :=Lt+ (ft-Es-cos(8s) a- Eb-Ltb

-i- Ib-Es-cos(6b)-( 1 - b))-( 1 -

e)

dL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=0.63 slt:=0 s6s:=0.1309

sb:=0.05 sLtb :=0.63 slb:=0
s6b:= 0.1309

sEs:=0.0 sx2 :=0.03
sLu:= 0.636 Px2Lu:=--838l



2

sL3=0.56

sL3Lt
=0^04

sL3jt= 0

2

813^=0

^Gs-l^des2-8682)

2

sL30s=O

^EbK^dEb2-**2)

2

sL3b=0.204

2

sL3Ltb=0-043

2

8L3lb=0

2

sL3eb=0

8L3T2:=(dL3dx22-ST22)

sL3x2
= 1216

^Lu^f^dLu2-81^2)** V dLu '

sL3lu
=0.636

The cross term of the correlated variables Tau2 and Lu is:

xterm :=[p t2Lu(dL3^ -(dL3

dj -2-Lu]
xterm =-0.648

The total Beers error is expressed as:

813
partl

:=sL32+ sL3 u2+ sL3 + L3 + sL3 0s2-i- sL3

sL3
part2

:=sL3 Ltb2+ 8" + sL3 + sL3 x22+ sL3 Lu2+ xtem

sL3
total

:= ("
partl

+ sL3
parn)

8E3
total

= 1359



Airborne Simulation

The starting values for the equation are as follows: Error type: r

e:=0.916 Lt:= 39.47 6s := 0.785398 It :=1

Eb:= 0.939 Ltb := 55.69 Gb :=0.785398 lb :=1

Es:=0.0 x2:= 0.873 Lu:= 3.533

Case 3 : Specular bounce to background

L3 :=(E-Lt+ (It-Es-cos(Gs) -|- Eb-Ltb+ Ib-Es-cos(Gb)-( 1 - Eb))-( 1
- e))-x2+ Lu

L3 =38.931

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3de
:=(u~ K-Es-cos(8s)- Eb-Ltb- Ib-Es-cos(8b)-(l - Eb))-x2

dL3dLt:=E-x2

dL3
dit

:=Es-cos( 8s)( 1 - E)-x2

dL3
dBs

:= (It-cos( 8s) + Ib-cos(eb)-( 1 - b))-( 1 - E)-x2

dL3
dQs :=-It-Es-sin(8s)-(

1 - e)-x2

dL3
deb

:=(Ltb - IbEs-cos(eb))-( 1 - e)-x2

dUdLtb-Eb-d-E)^

dL3
dft :=Es-cos(eb)-(

1 -

b)-( 1 - e)-x2

dUdeb :=-Ib-Es-sin(8b)-(l
- eb)-(l - e)x2

dU
dx2 :=e-Lt+ (It-Es-cos(es)

+- Eb-Ltb A- Ib-Es-cos(eb)-( 1 -

b))-( 1 -

e)

dL3dLu:=1

These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sU:=1.73 slt:=0 s8s:=0.1309

sb:=0.05 sLtb:=1.73 slb:=0
s6b:= 0.1309

sEs:=0.0 sx2 :=0.03 sLu:= 0.636 Px2Lu:=--8381



sL3 := (dL3
d2-s2)

sL3 = 0.56

2

2

2

:=(dL3d0S2-ses2)
^Gs-id^dGs-868

^dUdeb2-^2)
d3Eb:=ldUdEb'seb'

-(d^dLtb2-81^2)
sL3 T *u

:= dL3 jt ,,, -sLtb

2

SL3lb:=((1L3dIb2-8lb2)

8L3Gb:=(dL3dGb2-seb2)

2^

-(dLSdLu'-sLu2)
sL3T:= dL3jr -sLu

2

sL3Lt
= 1-383

813^= 0

sL3Es=0

sL3es=0

sL3b
=0.204

sL3Ltb=0-119

8L3lb=0

sL3eb=0

sL3
x2

= 1216

sL3lu= 0.636

The cross term of the correlated variables Tau2 and Lu is:

xtem

:=[px2Lu-(dL3dx2)-(dL3dLu)-8',:2-8Lu]
xterm =-0.648

The total Beers error is expressed as:

sL3
partl

:= sU + sL3 + sL3 + sL3 + ** + sL3

sL3
part2

:=sL3 + sL3 j^-t- sL3 + sL3 x22+ sL3 tJa- xterm

sL3
total

:= (sL3
partl

+ sL3
part2)

sL3
total

= 1-876



Airborne Simulation

The starting values for the equation are as follows: Error Type: C

e :=0.916 Lt:= 39.47 8s := 0.785398 It :=1

Eb:= 0.939 Ltb := 55.69 8b :=0.785398 lb :=1

Es:=0.0 x2:= 0.873 Lu:=3-533

Case 3 : Specular bounce to background

L3 :=(E-Lt+ (&-Es-cos(6s) -i- Eb-Ltb a- Ib-Es-cos(8b)-( 1 - Eb))-( 1
- e))-x2 + Lu

U = 38.931

The MAPLE symbolic processor in MathCad was used to calculate the

following derivatives:

dL3d
:=(Lt- It-Es-cos(8s)- Eb-Ltb- Ib-Es-cos(8b)-(l - Eb))-x2

dL3dLt:=-t2

dL3dit :=Es-cos(6s)-(l
- e)-x2

dU
dEs :=(It-cos(8s) + Ibcos(8b)(

1 - b))-( 1 - e)-x2

dL3
des :=-It-Es-sin(6s)-(

1 - e)-x2

dL3deb
-(Ltb- Ib-Es-cos(8b))-(l - e)-x2

dL3dLtb:=eb(l-)-t2

dL3
djb :=Es-cos(eb)-(

1 - b)-( 1 - E)-x2

dL3dGb :=-Ib-Es-sin(6b)-(l
- eb)-(l - e)-x2

dL3
dt2 :=-Lt+ (It-Es-cos(6s) a- b-Ltb a- Ib-Es-cos(8b)-( 1 -

Eb))-( 1
-

e)

dL3dLu:=l



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:=1.73

sb:=0.05 sLtb:=1.73

sEs:=0.0 sx2:=0.03

slt:=0
sGs:=0.1309

slb:=0 s8b :=0.1309

sLu:= 2.120 Px2Lu:=--8381

2

2

2

2

2

sULtb-^dUdLtb2-81^2)

2

2

2

sLSLu-fdLSdLu'-sLu2)

sL3=0.56

813^
= 1.383

sLSj^
0

813^=0

sL30s=O

sL3eb=0204

sL3Ltb=0119

sL3Ib=0

sL3eb=0

sL3x2
= 1216

sL3lu=2.12



The cross term of the correlated variables Tau2 and Lu is:

xterm == [p x2Lu (dL3
^2)

' (dL3^ -sx2.sLu]
xterm =-2.161

The total Beers error is expressed as:

sL3
partl

:= sL3 + sL3
U +^ + sL3 + sL3 +^

813
part2

:=^ +^ +^ 8^ +
**

XI +
^ + xtenn

813
total

:~ (sL3
partl

+ sL3
parfij

813
total

=2"469



These derivatives are used to form the components of the Beers

error calculation:

se:=0.05 sLt:== 1.73 slt:=0 s6s:=0.1309

sb :=0.05 sLtb := 1.73 slb:=0 s8b :=0.1309

sEs :=0.0 sx2:=0.03 sLu:= 2.120 Pt2Lu:=--8381

2

sL3=0.56

2

i

sL3Lt
= 1.383

i

sL3]t= 0

2
8L3es=

2
sL30s=O

-(dLSdL^-sLtb2)
sL3 t ,u

:= dL3 jt .k -sLtb

2

sUn,- dLS^TK-sIb
:=(dL3dIb2-sIb2)

2

*3eb:=(dLW'seb2)

sL3x2:=(dL3dt22sx22)

2

^Lu^tdl^dLu'-sLu2)
2

sL3b=0204

sL3
ub

=0.119

sL3Ib=0

i
8L3eb=0

sL3x2
= 1.216

sL3lu=2.12



The cross term of the correlated variables Tau2 and Lu is:

xterm := [p (dL3^ (dL3^ -sx2-sLu]
xterm =-2.161

The total Beers error is expressed as:

sL3
p^x

:= sU + sL3^ -I- sL3^+ sL3 + sL3 -i- sL3
b

sU
part2

:= sU +^ -- ^ "^^ +^ + xterm

sU
total

:= (sL3
partl

+ **
part2)

^
total

=2-469



Rayjnteraction Type 4: Missed Scene

L4=Ldhat

The derivative of L4:

d^dLdhat^1

This derivative is used for the component of the Beers error

calculation:

sLdhat :=226

s^
Ldhat

:= (dL4
dLdhat2-81^11312)

2

The total Beers error is expressed as:

sL4fQi:=(sL4= (sL4
Ldhat2)

2

total
-V*"

Ldhat

sL4
total

=226



APPENDIX E

Weather Data from
June 1992 & October 1990 Data Collections



weainer bizzivz

Time Air Temp Pressure Humidity Dew Point Wind Speed Direct Ins

1 0.000 7.800 1015.600 0.930 -1.000 1.000 0.000

2 0.250 7.800 1015.600 0.930 -1.000 1.000 0.000

3 0.500 7.800 1015.700 0.930 -1.000 1.000 0.000

4 0.750 7.800 1015.800 0.930 -1.000 1.000 0.000

5 1.000 7.800 1015.800 0.930 -1.000 1.000 0.000

6 1.250 7.800 1015.900 0.930 -1.000 1.000 0.000

7 1.500 7.800 1015.900 0.930 -1.000 1.000 0.000

8 1.750 7.800 1016.000 0.930 -1.000 1.000 0.000

9 2.000 7.800 1016.000 0.930 -1.000 1.000 0.000

10 2.250 7.700 1016.000 0.930 -1.000 1.000 0.000

11 2.500 7.600 1016.000 0.930 -1.000 1.000 0.000

12 2.750 7.600 1016.000 0.930 -1.000 1.000 0.000

13 3.000 7.500 1016.000 0.930 -1.000 1.000 0.000

14 3.250 7.400 1016.000 0.930 -1.000 1.000 0.000

15 3.500 7.300 1016.000 0.930 -1.000 1.000 0.000

16 3.750 7.300 1016.000 0.930 -1.000 1.000 0.000

17 4.000 7.200 1016.000 0.930 -1.000 1.000 0.000

18 4.250 7.200 1016.100 0.930 -1.000 1.000 0.000

19 4.500 7.200 1016.200 0.920 -1.000 1.000 0.000

20 4.750 7.200 1016.300 0.920 -1.000 1.000 0.000

21 5.000 7.200 1016.400 0.910 -1.000 1.000 0.000

22 5.250 7.200 1016.500 0.910 -1.000 1.000 0.000

23 5.500 7.200 1016.500 0.900 -1.000 1.000 0.000

24 5.750 7.200 1016.600 0.900 -1.000 1.000 0.000

25 6.000 7.200 1016.600 0.890 -1.000 1.000 0.000

26 6.250 7.000 1016.800 0.880 -1.000 2.000 0.000

27 6.500 6.900 1016.900 0.870 -1.000 2.000 0.069

28 6.750 6.800 1017.000 0.860 -1.000 2.000 0.080

29 7.000 6.700 1017.200 0.860 -1.000 2.000 0.120

30 7.250 7.200 1017.300 0.850 -1.000 2.000 0.344

31 7.500 7.400 1017.400 0.840 -1.000 2.000 0.500

32 7.750 7.600 1017.500 0.830 -1.000 2.000 0.600

33 8.000 7.800 1017.600 0.830 -1.000 2.000 0.700

34 8.250 7.900 1017.600 0.820 -1.000 2.000 0.800

35 8.500 8.000 1017.600 0.810 -1.000 2.000 0.950

36 8.750 8.100 1017.600 0.800 -1.000 2.000 1.150

37 9.000 8.200 1017.600 0.800 -1.000 2.000 1.376

38 9.250 8.400 1017.600 0.790 -1.000 2.000 1.720

39 9.500 8.600 1017.600 0.790 -1.000 2.000 1.720

40 9.750 8.800 1017.600 0.780 -1.000 2.000 2.408

41 10.000 8.900 1017.600 0.770 -1.000 2.000 3.784

42 10.250 9.500 1017.600 0.740 -1.000 2.000 4.128

43 10.500 10.000 1017.600 0.720 -1.000 2.000 3.440

44 10.750 10.500 1017.600 0.700 -1.000 2.000 13.416

45 11.000 11.000 1017.600 0.680 -1.000 2.000 25.456

46 11.250 11.500 1017.600 0.650 -1.000 2.000 29.584

47 11.500 12.100 1017.600 0.630 -1.000 2.000 24.768

48 11.750 12.500 1017.600 0.590 -1.000 3.000 54.352

49 12.000 12.800 1017.600 0.570 -1.000 3.000 42.656

50 12.250 13.000 1017.500 0.560 -1.000 3.000 42.312

51 12.500 13.200 1017.500 0.550 -1.000 3.000 41.280

52 12.750 13.400 1017.500 0.540 -1.000 2.000 52.976

53 13.000 13.600 1017.400 0.530 -1.000 2.000 37.496

54 13.250 13.800 1017.400 0.520 -1.000 2.000 43.344

55 13.500 14.000 1017.300 0.510 -1.000 3.000 60.200

56 13.750 14.200 1017.300 0.500 -1.000 3.000 66.392



weainer o/^^/a^

Diffuse Ins Sky Exposure Cloud Type Rain Type Rain Rate Rain Temp Time

1 0.000 0.000 5.000 1.000 0.250 7.000 0.000

2 0.000 0.000 5.000 1.000 0.025 7.000 0.250

3 0.000 0.000 5.000 1.000 0.025 7.000 0.500

4 0.000 0.000 5.000 1.000 0.025 7.000 0.750

5 0.000 0.000 5.000 0.000 0.000 0.000 1.000

6 0.000 0.000 5.000 0.000 0.000 0.000 1.250

7 0.000 0.000 5.000 0.000 0.000 0.000 1.500

8 0.000 0.000 5.000 0.000 0.000 0.000 1.750

9 0.000 0.000 5.000 0.000 0.000 0.000 2.000

10 0.000 0.000 5.000 0.000 0.000 0.000 2.250

11 0.000 0.000 5.000 0.000 0.000 0.000 2.500

12 0.000 0.000 5.000 0.000 0.000 0.000 2.750

13 0.000 0.000 5.000 0.000 0.000 0.000 3.000

14 0.000 0.000 5.000 0.000 0.000 0.000 3.250

15 0.000 0.000 5.000 0.000 0.000 0.000 3.500

16 0.000 0.000 5.000 0.000 0.000 0.000 3.750

17 0.000 0.000 5.000 0.000 0.000 0.000 4.000

18 0.000 0.000 5.000 0.000 0.000 0.000 4.250

19 0.000 0.000 5.000 0.000 0.000 0.000 4.500

20 0.000 0.000 5.000 0.000 0.000 0.000 4.750

21 0.000 0.000 5.000 0.000 0.000 0.000 5.000

22 0.000 0.000 5.000 0.000 0.000 0.000 5.250

23 0.000 0.000 5.000 0.000 0.000 0.000 5.500

24 0.344 0.000 5.000 0.000 0.000 0.000 5.750

25 0.344 0.000 5.000 1.000 0.025 6.600 6.000

26 0.500 0.000 5.000 1.000 0.025 6.600 6.250

27 0.600 0.000 5.000 1.000 0.025 6.600 6.500

28 1.000 0.000 5.000 1.000 0.025 6.600 6.750

29 1.500 0.000 5.000 0.000 0.000 0.000 7.000

30 2.000 0.000 5.000 0.000 0.000 0.000 7.250

31 3.000 0.000 5.000 0.000 0.000 0.000 7.500

32 4.000 0.000 5.000 0.000 0.000 0.000 7.750

33 5.000 0.000 5.000 0.000 0.000 0.000 8.000

34 6.000 0.050 5.000 0.000 0.000 0.000 8.250

35 8.000 0.050 5.000 0.000 0.000 0.000 8.500

36 10.000 0.100 5.000 0.000 0.000 0.000 8.750

37 12.384 0.100 5.000 0.000 0.000 0.000 9.000

38 9.907 0.200 5.000 0.000 0.000 0.000 9.250

39 14.448 0.300 5.000 0.000 0.000 0.000 9.500

40 18.163 0.400 5.000 0.000 0.000 0.000 9.750

41 25.594 0.500 5.000 0.000 0.000 0.000 10.000

42 26.006 0.500 5.000 0.000 0.000 0.000 10.250

43 22.291 0.500 5.000 0.000 0.000 0.000 10.500

44 35.088 0.400 5.000 0.000 0.000 0.000 10.750

45 38.803 0.400 5.000 0.000 0.000 0.000 11.000

46 36.326 0.400 5.000 0.000 0.000 0.000 11.250

47 33.024 0.400 5.000 0.000 0.000 0.000 11.500

48 28.483 0.500 5.000 0.000 0.000 0.000 11.750

49 30.960 0.500 5.000 0.000 0.000 0.000 12.000

50 33.850 0.500 3.000 0.000 0.000 0.000 12.250

51 30.134 0.500 3.000 0.000 0.000 0.000 12.500

52 28.483 0.500 3.000 0.000 0.000 0.000 12.750

53 30.960 0.500 3.000 0.000 0.000 0.000 13.000

54 28.070 0.500 3.000 0.000 0.000 0.000 13.250

55 22.291 0.500 3.000 0.000 0.000 0.000 13.500

56 24.768 0.500 3.000 0.000 0.000 0.000 13.750



Weather 6/22/92

Time Air Temp Pressure Humidity Dew Point Wind Speed [)irect Ins

57 14.000 14.400 1017.300 0.490 -1.000 3.000 64.672

58 14.250 14.500 1016.900 0.480 -1.000 3.000 54.008

59 14.500 14.600 1016.700 0.470 -1.000 2.000 69.144

60 14.750 14.700 1016.500 0.460 -1.000 2.000 61.576

61 15.000 14.800 1016.300 0.450 -1.000 2.000 61.576

62 15.250 15.000 1016.300 0.440 -1.000 2.000 63.296

63 15.500 15.100 1016.100 0.431 -1.000 1.600 62.608

64 15.750 14.700 1015.600 0.455 -1.000 1.500 59.168

65 16.000 14.900 1015.600 0.469 -1.000 1.360 55.040

66 16.250 15.000 1015.000 0.470 -1.000 2.010 51.256

67 16.500 15.000 1015.500 0.490 -1.000 1.250 49.880

68 16.750 15.500 1015.000 0.480 -1.000 2.210 47.472

69 17.000 15.500 1015.000 0.465 -1.000 1.600 43.668

70 17.250 15.500 1015.000 0.460 -1.000 3.060 41.624

71 17.500 15.500 1015.000 0.455 -1.000 2.200 37.152

72 17.750 16.000 1015.000 0.450 -1.000 1.960 34.744

73 18.000 16.000 1015.000 0.445 -1.000 2.520 30.272

74 18.250 16.000 1015.000 0.435 -1.000 2.160 27.176

75 18.500 16.000 1015.000 0.430 -1.000 1.930 26.832

76 18.750 16.000 1015.000 0.430 -1.000 1.800 16.512

77 19.000 16.000 1015.000 0.425 -1.000 1.490 12.384

78 19.250 15.000 1015.000 0.430 -1.000 1.680 9.632

79 19.500 15.000 1015.000 0.440 -1.000 1.310 6.192

80 19.750 15.000 1015.000 0.450 -1.000 0.890 2.064

81 20.000 14.500 1015.000 0.460 -1.000 1.170 2.064

82 20.250 14.000 1015.000 0.470 -1.000 0.650 1.032

83 20.500 12.500 1015.000 0.485 -1.000 0.000 0.344

84 20.750 11.000 1015.000 0.525 -1.000 0.020 0.000

85 21.000 11.000 1015.000 0.550 -1.000 0.000 0.000

86 21.250 10.000 1015.000 0.580 -1.000 0.000 0.000

87 21.500 12.100 1014.900 0.569 -1.000 0.010 0.000

88 21.750 11.500 1014.500 0.569 -1.000 0.010 0.000

89 22.000 11.300 1014.800 0.578 -1.000 0.010 0.000

90 22.250 11.100 1014.400 0.591 -1.000 0.000 0.000

91 22.500 10.900 1014.200 0.590 -1.000 0.010 0.000

92 22.750 10.600 1014.100 0.600 -1.000 0.000 0.000

93 23.000 10.500 1014.800 0.621 -1.000 0.320 0.000

94 23.250 10.100 1014.000 0.719 -1.000 1.090 0.000

95 23.500 9.900 1014.000 0.783 -1.000 0.010 0.000

96 23.750 9.100 1013.900 0.830 -1.000 0.010 0.000

97 0.000 9.100 1014.000 0.871 -1.000 0.000 0.000

98 0.250 8.700 1014.000 0.893 -1.000 0.010 0.000

99 0.500 8.300 1014.000 0.905 -1.000 0.010 0.000

100 0.750 8.300 1014.000 0.927 -1.000 0.000 0.000

101 1.000 8.000 1014.000 0.936 -1.000 0.010 0.000

102 1.250 8.400 1014.000 0.947 -1.000 0.010 0.000

103 1.500 8.100 1014.000 0.950 -1.000 0.010 0.000

104 1.750 7.900 1014.000 0.955 -1.000 0.000 0.000

105 2.000 7.400 1013.500 0.953 -1.000 0.000 0.000

106 2.250 7.000 1013.300 0.960 -1.000 0.350 0.000

107 2.500 7.100 1013.400 0.960 -1.000 0.420 0.000

108 2.750 7.400 1013.200 0.963 -1.000 0.000 0.000

109 3.000 7.200 1013.900 0.957 -1.000 0.000 0.000

110 3.250 6.800 1013.500 0.961 -1.000 0.010 0.000

111 3.500 7.000 1013.100 0.961 -1.000 0.010 0.000

112 3.750 6.100 1013.300 0.960 -1.000 0.010 0.000



Weather 6/22/92

Diffuse Ins Sky Exposure Cloud Type
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Weather 6/22/92

Time Air Temp Pressure Humidity Dew Point Wind Speed Direct Ins

113 4.000 5.600 1012.800 0.957 -1.000 1.170 0.000

114 4.250 5.900 1012.700 0.961 -1.000 0.010 0.000

115 4.500 5.900 1013.000 0.972 -1.000 0.000 0.000

116 4.750 5.700 1013.200 0.971 -1.000 0.050 0.000

117 5.000 5.800 1013.200 0.970 -1.000 0.010 0.000

118 5.250 5.000 1013.000 0.975 -1.000 0.010 0.000

119 5.500 5.700 1013.000 0.971 -1.000 0.000 0.000

120 5.750 5.900 1013.000 0.973 -1.000 0.000 0.000

121 6.000 5.900 1013.000 0.972 -1.000 0.000 0.344

122 6.250 6.750 1013.100 0.955 -1.000 0.000 0.344

123 6.500 6.750 1013.100 0.933 -1.000 0.010 6.192

124 6.750 7.200 1013.300 0.905 -1.000 0.890 6.880

125 7.000 7.550 1013.300 0.870 -1.000 1.330 10.664

126 7.250 8.450 1013.600 0.830 -1.000 1.230 13.072

127 7.500 9.150 1013.800 0.795 -1.000 0.010 16.200

128 7.750 9.800 1013.900 0.760 -1.000 0.020 17.200

129 8.000 10.600 1014.000 0.720 -1.000 0.000 21.328

130 8.250 11.400 1014.000 0.680 -1.000 0.000 21.328

131 8.500 11.500 1014.000 0.670 -1.000 0.280 22.360

132 8.750 12.500 1014.000 0.623 -1.000 0.720 31.648

133 9.000 12.500 1014.000 0.590 -1.000 0.010 33.712

134 9.250 13.300 1014.000 0.573 -1.000 0.980 35.776

135 9.500 13.500 1014.100 0.551 -1.000 0.590 22.704

136 9.750 13.500 1014.000 0.550 -1.000 0.270 37.840

137 10.000 13.500 1014.000 0.543 -1.000 0.080 41.968

138 10.250 13.500 1014.000 0.541 -1.000 0.000 48.848

139 10.500 14.500 1014.000 0.518 -1.000 0.870 35.776

140 10.750 15.000 1014.000 0.492 -1.000 0.440 42.312

141 11.000 15.800 1014.000 0.463 -1.000 0.010 47.816

142 11.250 15.800 1014.000 0.440 -1.000 0.000 51.256

143 11.500 16.000 1014.000 0.440 -1.000 0.160 45.408

144 11.750 15.800 1014.300 0.428 -1.000 0.550 36.808

145 12.000 15.800 1014.300 0.412 -1.000 0.050 43.344

146 12.250 16.300 1014.300 0.380 -1.000 0.000 59.856

147 12.500 16.800 1014.100 0.375 -1.000 0.590 63.296

148 12.750 16.500 1014.100 0.378 -1.000 1.240 67.080

149 13.000 17.000 1014.000 0.360 -1.000 0.360 64.328

150 13.250 17.100 1013.500 0.333 -1.000 0.900 63.984

151 13.500 18.900 1014.000 0.337 -1.000 0.100 44.376

152 13.750 19.500 1014.000 0.309 -1.000 0.750 50.912

153 14.000 19.300 1014.100 0.310 -1.000 1.670 61.576

154 14.250 18.800 1014.000 0.298 -1.000 1.290 53.320

155 14.500 18.500 1013.800 0.292 -1.000 0.000 61.232

156 14.750 19.100 1013.800 0.297 -1.000 0.130 60.888

157 15.000 19.500 1013.600 0.298 -1.000 0.850 44.376

158 15.250 19.700 1013.300 0.278 -1.000 0.340 55.728

159 15.500 19.900 1012.500 0.281 -1.000 1.210 27.176

160 15.750 19.300 1013.200 0.305 -1.000 1.980 14.448

161 16.000 19.500 1013.200 0.310 -1.000 2.400 29.240

162 16.250 19.600 1012.700 0.310 -1.000 1.900 29.928

163 16.500 19.500 1012.900 0.312 -1.000 2.240 6.880

164 16.750 19.800 1013.000 0.310 -1.000 1.430 6.192

165 17.000 19.500 1012.800 0.303 -1.000 1.860 7.568

166 17.250 19.000 1012.300 0.288 -1.000 1.860 19.264

167 17.500 18.900 1012.100 0.302 -1.000 1.800 8.600

168 17.750 17.500 1012.300 0.320 -1.000 1.330 5.160



Weather 6/22/92

Diffuse Ins Sky Exposure Cloud Type Rain Type Rain Rate Rain Temp Time

113 0.000 1.000 0.000 0.000 0.000 0.000 28.000

114 0.000 1.000 0.000 0.000 0.000 0.000 28.250

115 0.000 1.000 0.000 0.000 0.000 0.000 28.500

116 0.000 1.000 0.000 0.000 0.000 0.000 28.750

117 0.000 0.900 6.000 0.000 0.000 0.000 29.000

118 0.000 0.900 6.000 0.000 0.000 0.000 29.250

119 0.000 0.900 6.000 0.000 0.000 0.000 29.500

120 0.344 0.920 6.000 0.000 0.000 0.000 29.750

121 1.651 0.920 6.000 0.000 0.000 0.000 30.000

122 2.890 0.950 6.000 0.000 0.000 0.000 30.250

123 9.907 0.950 6.000 0.000 0.000 0.000 30.500

124 7.018 0.950 6.000 0.000 0.000 0.000 30.750

125 8.256 0.950 6.000 0.000 0.000 0.000 31.000

126 8.669 0.940 6.000 0.000 0.000 0.000 31.250

127 9.494 0.940 6.000 0.000 0.000 0.000 31.500

128 9.494 0.900 6.000 0.000 0.000 0.000 31.750

129 10.733 0.900 6.000 0.000 0.000 0.000 32.000

130 12.384 0.900 6.000 0.000 0.000 0.000 32.250

131 11.146 0.900 6.000 0.000 0.000 0.000 32.500

132 12.384 0.800 6.000 0.000 0.000 0.000 32.750

133 13.622 0.800 6.000 0.000 0.000 0.000 33.000

134 14.861 0.750 6.000 0.000 0.000 0.000 33.250

135 20.227 0.750 6.000 0.000 0.000 0.000 33.500

136 14.861 0.800 6.000 0.000 0.000 0.000 33.750

137 14.448 0.800 6.000 0.000 0.000 0.000 34.000

138 16.512 0.800 6.000 0.000 0.000 0.000 34.250

139 21.053 0.750 6.000 0.000 0.000 0.000 34.500

140 21.878 0.700 6.000 0.000 0.000 0.000 34.750

141 20.277 0.700 6.000 0.000 0.000 0.000 35.000

142 19.402 0.750 6.000 0.000 0.000 0.000 35.250

143 18.576 0.750 6.000 0.000 0.000 0.000 35.500

144 16.512 0.450 6.000 0.000 0.000 0.000 35.750

145 21.053 0.500 6.000 0.000 0.000 0.000 36.000

146 15.686 0.650 6.000 0.000 0.000 0.000 36.250

147 13.622 0.700 6.000 0.000 0.000 0.000 36.500

148 14.448 0.600 6.000 0.000 0.000 0.000 36.750

149 16.925 0.700 6.000 0.000 0.000 0.000 37.000

150 17.338 0.250 6.000 0.000 0.000 0.000 37.250

151 32.611 0.400 6.000 0.000 0.000 0.000 37.500

152 32.198 0.600 6.000 0.000 0.000 0.000 37.750

153 26.832 0.550 6.000 0.000 0.000 0.000 38.000

154 32.611 0.600 6.000 0.000 0.000 0.000 38.250

155 23.942 0.700 6.000 0.000 0.000 0.000 38.500

156 19.402 0.700 6.000 0.000 0.000 0.000 38.750

157 20.640 0.650 6.000 0.000 0.000 0.000 39.000

158 25.181 0.550 6.000 0.000 0.000 0.000 39.250

159 33.024 0.400 6.000 0.000 0.000 0.000 39.500

160 35.088 0.400 3.000 0.000 0.000 0.000 39.750

161 34.675 0.400 3.000 0.000 0.000 0.000 .40.000

162 34.262 0.250 6.000 0.000 0.000 0.000 40.250

163 28.483 0.200 6.000 0.000 0.000 0.000 40.500

164 28.896 0.100 6.000 0.000 0.000 0.000 40.750

165 30.547 0.050 6.000 0.000 0.000 0.000 41.000

166 26.832 0.050 6.000 0.000 0.000 0.000 41.250

167 21.878 0.050 4.000 0.000 0.000 0.000 41.500

168 23.842 0.050 6.000 0.000 0.000 0.000 41.750



Weather 6/22/92

Time Air Temp Pressure Humidity Dew Point Wind Speed Direct Ins

169 18.000 18.200 1012.000 0.320 -1.000 1.820 18.232

170 18.250 17.800 1012.000 0.325 -1.000 1.690 24.080

171 18.500 17.800 1011.400 0.340 -1.000 1.410 5.160

172 18.750 18.000 1012.500 0.350 -1.000 1.090 4.816

173 19.000 18.500 1012.000 0.353 -1.000 1.210 1.376

174 19.250 17.200 1012.100 0.370 -1.000 1.320 1.032

175 19.500 17.000 1012.000 0.382 -1.000 0.000 1.032

176 19.750 18.000 1012.000 0.397 -1.000 0.240 0.344

177 20.000 16.800 1012.000 0.403 -1.000 0.870 0.344

178 20.250 16.500 1011.700 0.418 -1.000 0.540 0.000

179 20.500 16.400 1011.700 0.427 -1.000 0.590 0.000

180 20.750 15.300 1011.700 0.450 -1.000 0.010 0.000

181 21.000 16.100 1011.100 0.512 -1.000 0.020 0.000

182 21.250 16.400 1011.100 0.559 -1.000 0.000 0.000

183 21.500 14.900 1011.000 0.675 -1.000 0.000 0.000

184 21.750 13.900 1011.000 0.760 -1.000 0.000 0.000

185 22.000 14.000 1011.000 0.810 -1.000 0.000 0.000

186 22.250 13.900 1011.000 0.822 -1.000 0.000 0.000

187 22.500 13.900 1010.700 0.840 -1.000 0.000 0.000

188 22.750 13.600 1010.500 0.810 -1.000 0.000 0.000

189 23.000 13.800 1010.100 0.763 -1.000 0.010 0.000

190 23.250 13.900 1010.000 0.787 -1.000 0.000 0.000

191 23.500 13.500 1009.800 0.770 -1.000 0.010 0.000

192 23.750 13.700 1009.800 0.710 -1.000 0.020 0.000

193 0.000 13.900 1009.800 0.687 -1.000 0.000 0.000

194 0.250 13.900 1009.800 0.675 -1.000 0.010 0.000

195 0.500 13.900 1009.400 0.668 -1.000 0.000 0.000

196 0.750 13.900 1009.000 0.648 -1.000 0.000 0.000

197 1.000 14.000 1009.000 0.622 -1.000 0.050 0.000

198 1.250 13.900 1008.700 0.611 -1.000 0.000 0.000

199 1.500 13.900 1009.000 0.610 -1.000 0.000 0.000

200 1.750 13.900 1008.500 0.645 -1.000 0.000 0.000

201 2.000 13.800 1008.100 0.649 -1.000 0.000 0.000

202 2.250 13.500 1008.500 0.655 -1.000 0.000 0.000

203 2.500 13.800 1008.100 0.694 -1.000 0.000 0.000

204 2.750 13.800 1008.800 0.729 -1.000 0.000 0.000

205 3.000 12.900 1007.500 0.779 -1.000 0.000 0.000



Weather 6/22/92

Diffuse Ins Sky Exposure Cloud Type Rain Type Rain Rate Rain Temp Time

169 23.942 0.150 6.000 0.000 0.000 0.000 42.000

170 17.750 0.150 6.000 0.000 0.000 0.000 42.250

171 16.925 0.150 6.000 0.000 0.000 0.000 42.500

172 15.686 0.150 6.000 0.000 0.000 0.000 42.750

173 11.146 0.100 6.000 0.000 0.000 0.000 43.000

174 6.192 0.050 6.000 0.000 0.000 0.000 43.250

175 4.954 0.050 6.000 0.000 0.000 0.000 43.500

176 3.715 0.000 6.000 0.000 0.000 0.000 43.750

177 1.651 0.000 6.000 0.000 0.000 0.000 44.000

178 1.238 0.050 6.000 0.000 0.000 0.000 44.250

179 0.344 0.050 6.000 0.000 0.000 0.000 44.500

180 0.000 0.000 6.000 0.000 0.000 0.000 44.750

181 0.000 0.000 6.000 1.000 0.025 12.000 45.000

182 0.000 0.000 6.000 1.000 0.025 12.000 45.250

183 0.000 0.000 6.000 1.000 0.025 12.000 45.500

184 0.000 0.000 6.000 1.000 0.025 12.000 45.750

185 0.000 0.000 6.000 1.000 0.025 12.000 46.000

186 0.000 0.000 6.000 0.000 0.000 0.000 46.250

187 0.000 0.000 6.000 0.000 0.000 0.000 46.500

188 0.000 0.000 6.000 0.000 0.000 0.000 46.750

189 0.000 0.000 6.000 0.000 0.000 0.000 47.000

190 0.000 0.000 6.000 0.000 0.000 0.000 47.250

191 0.000 0.000 6.000 0.000 0.000 0.000 47.500

192 0.000 0.000 6.000 0.000 0.000 0.000 47.750

193 0.000 0.000 6.000 0.000 0.000 0.000 48.000

194 0.000 0.000 6.000 0.000 0.000 0.000 48.250

195 0.000 0.000 6.000 0.000 0.000 0.000 48.500

196 0.000 0.000 6.000 0.000 0.000 0.000 48.750

197 0.000 0.000 6.000 1.000 0.010 12.000 49.000

198 0.000 0.000 6.000 1.000 0.010 12.000 49.250

199 0.000 0.000 6.000 1.000 0.010 12.000 49.500

200 0.000 0.000 6.000 0.000 0.000 0.000 49.750

201 0.000 0.000 6.000 0.000 0.000 0.000 50.000

202 0.000 0.000 6.000 1.000 0.010 12.000 50.250

203 0.000 0.000 6.000 0.000 0.000 0.000 50.500

204 0.000 0.000 6.000 1.000 0.010 10.000 50.750

205 0.000 0.000 6.000 1.000 0.500 10.000 51.000
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ne Air Temp Air Pressure Rel. Humidity

5.000 10.560 1008.000 0.800

5.250 9.940 1008.100 0.800

5.500 9.440 1006.500 0.800

5.750 9.720 1006.500 0.800

6.000 9.830 1006.500 0.800

6.250 9.750 1006.500 0.800

6.500 9.800 1006.600 0.800

6.750 9.850 1006.600 0.800

7.000 9.900 1006.600 0.860

7.250 10.100 1007.000 0.860

7.500 11.500 1007.500 0.860

7.750 12.100 1007.800 0.860

8.000 12.900 1009.500 0.770

8.250 13.000 1009.500 0.770

8.500 13.000 1009.500 0.770

8.750 13.000 1009.600 0.770

9.000 13.000 1009.600 0.690

9.250 12.900 1009.600 0.690

9.500 12.900 1009.700 0.690

9.750 13.000 1010.000 0.690

10.000 13.000 1010.200 0.550

10.250 15.000 1011.000 0.550

10.500 14.900 1010.500 0.550

10.750 15.000 1010.800 0.550

11.000 15.000 1010.600 0.480

11.250 15.500 1010.900 0.480

11.500 16.100 1010.900 0.480

11.750 16.800 1011.100 0.480

12.000 17.100 1011.500 0.423

12.250 18.000 1011.100 0.419

12.500 18.100 1011.700 0.404

12.750 18.000 1011.500 0.413

13.000 18.200 1011.400 0.449

13.250 17.700 1011.500 0.475

13.500 18.500 1011.400 0.471

13.750 18.500 1011.100 0.465

14.000 18.800 1011.000 0.481

14.250 19.500 1011.000 0.480

14.500 19.000 1010.500 0.490

14.750 19.000 1010.500 0.461

15.000 19.800 1010.500 0.440

15.250 20.000 1010.500 0.410

15.500 20.000 1010.700 0.396

15.750 20.000 1010.200 0.373

16.000 20.000 1010.500 0.362

16.250 20.000 1010.500 0.360

16.500 20.200 1010.500 0.362

16.750 20.500 1010.000 0.365

17.000 20.000 1010.200 0.395

17.250 20.000 1010.000 6.405

17.500 20.000 1010.200 0.425

17.750 20.000 1010.400 0.445

18.000 19.800 1010.300 0.460

18.250 19.000 1010.000 0.480

18.500 18.400 1010.200 0.520

18.750 17.900 1010.000 0.535

Dew Point Wind Speed Direct
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Oct Weather Data

Diffuse sky exposure cloud type precip type precip rate precip temp Time

1 0.000 0.400 2.000 0.000 0.000 0.000 5.000

2 0.000 0.700 2.000 0.000 0.000 0.000 5.250

3 0.000 1.000 0.000 0.000 0.000 0.000 5.500

4 0.000 1.000 0.000 0.000 0.000 0.000 5.750

5 0.000 1.000 0.000 0.000 0.000 0.000 6.000

6 0.000 0.950 1.000 0.000 0.000 0.000 6.250

7 0.000 0.970 1.000 0.000 0.000 0.000 6.500

8 0.000 0.980 1.000 0.000 0.000 0.000 6.750

9 0.000 0.980 1.000 0.000 0.000 0.000 7.000

10 0.000 0.980 1.000 0.000 0.000 0.000 7.250

11 0.688 1.000 0.000 0.000 0.000 0.000 7.500

12 1.376 1.000 0.000 0.000 0.000 0.000 7.750

13 2.064 1.000 0.000 0.000 0.000 0.000 8.000

14 2.064 1.000 0.000 0.000 0.000 0.000 8.250

15 2.752 1.000 0.000 0.000 0.000 0.000 8.500

16 2.752 1.000 0.000 0.000 0.000 0.000 8.750

17 3.096 1.000 0.000 0.000 0.000 0.000 9.000

18 3.440 1.000 0.000 0.000 0.000 0.000 9.250

19 3.440 1.000 0.000 0.000 0.000 0.000 9.500

20 3.440 1.000 0.000 0.000 0.000 0.000 9.750

21 3.784 0.980 2.000 0.000 0.000 0.000 10.000

22 3.784 0.980 2.000 0.000 0.000 0.000 10.250

23 3.784 1.000 0.000 0.000 0.000 0.000 10.500

24 4.128 1.000 0.000 0.000 0.000 0.000 10.750

25 3.784 1.000 0.000 0.000 0.000 0.000 11.000

26 4.128 1.000 0.000 0.000 0.000 0.000 11.250

27 4.128 1.000 0.000 0.000 0.000 0.000 11.500

28 4.128 0.990 0.000 0.000 0.000 0.000 11.750

29 4.128 0.990 0.000 0.000 0.000 0.000 12.000

30 4.128 0.970 0.000 0.000 0.000 0.000 12.250

31 4.472 0.970 0.000 0.000 0.000 0.000 12.500

32 8.944 0.900 1.000 0.000 0.000 0.000 12.750

33 6.192 0.800 2.000 0.000 0.000 0.000 13.000

34 7.568 0.850 2.000 0.000 0.000 0.000 13.250

35 9.288 0.850 2.000 0.000 0.000 0.000 13.500

36 5.160 0.900 2.000 0.000 0.000 0.000 13.750

37 4.472 0.950 1.000 0.000 0.000 0.000 14.000

38 4.128 0.950 2.000 0.000 0.000 0.000 14.250

39 4.472 0.950 2.000 0.000 0.000 0.000 14.500

40 6.192 0.950 2.000 0.000 0.000 0.000 14.750

41 6.192 0.950 1.000 0.000 0.000 0.000 15.000

42 8.944 0.900 1.000 0.000 0.000 0.000 15.250

43 4.816 0.930 1.000 0.000 0.000 0.000 15.500

44 6.536 0.700 1.000 0.000 0.000 0.000 15.750

45 5.848 0.700 3.000 0.000 0.000 0.000 16.000

46 11.008 0.300 5.000 0.000 0.000 0.000 16.250

47 9.632 0.300 3.000 0.000 0.000 0.000 16.500

48 12.040 0.300 3.000 0.000 0.000 0.000 16.750

49 6.192 0.200 3.000 0.000 0.000 0.000 17.000

50 6.536 0.150 3.000 0.000 0.000 0.000 17.250

51 5.160 0.100 3.000 0.000 0.000 0.000 17.500

52 4.472 0.200 3.000 0.000 0.000 0.000 17.750

53 3.784 0.300 3.000 0.000 0.000 0.000 18.000

54 3.440 0.500 3.000 0.000 0.000 0.000 18.250

55 1.720 0.600 3.000 0.000 0.000 0.000 18.500

56 0.000 0.700 3.000 0.000 0.000 0.000 18.750



Oct Weather Data

Time Air Temp Air Pressure Rel. Humidity Dew Point Wind Speed Direct

57 19.000 17.800 1010.100 0.555 -1.000 0.560 0.000

58 19.250 17.500 1010.100 0.575 -1.000 0.560 0.000

59 19.500 17.000 1010.100 0.598 -1.000 0.560 0.000

60 19.750 16.800 1010.100 0.615 -1.000 0.560 0.000

61 20.000 16.800 1010.100 0.630 -1.000 0.280 0.000

62 20.250 15.000 1009.900 0.650 -1.000 0.280 0.000

63 20.500 16.000 1009.900 0.660 -1.000 0.280 0.000

64 20.750 15.500 1009.800 0.675 -1.000 0.280 0.000

65 21.000 15.800 1009.800 0.685 -1.000 0.560 0.000

66 21.250 15.500 1009.800 0.687 -1.000 0.560 0.000

67 21.500 16.000 1009.800 0.700 -1.000 0.280 0.000

68 21.750 15.500 1009.600 0.708 -1.000 0.280 0.000

69 22.000 15.500 1009.500 0.710 -1.000 0.560 0.000

70 22.250 16.500 1009.500 0.701 -1.000 1.400 0.000

71 22.500 16.100 1009.900 0.701 -1.000 0.560 0.000

72 22.750 16.200 1009.100 0.700 -1.000 1.400 0.000

73 23.000 16.200 1009.900 0.675 -1.000 2.240 0.000

74 23.250 16.800 1009.800 0.653 -1.000 2.800 0.000

75 23.500 16.800 1009.900 0.645 -1.000 0.840 0.000

76 23.750 17.000 1009.900 0.649 -1.000 0.560 0.000

77 24.000 17.000 1009.900 0.649 -1.000 1.400 0.000

78 24.250 17.500 1009.900 0.622 -1.000 1.400 0.000

79 24.500 18.000 1009.900 0.592 -1.000 1.120 0.000

80 24.750 18.000 1009.900 0.578 -1.000 3.080 0.000

81 25.000 19.300 1009.900 0.567 -1.000 2.240 0.000

82 25.250 19.000 1010.000 0.552 -1.000 3.360 0.000

83 25.500 19.300 1010.000 0.540 -1.000 2.800 0.000

84 25.750 19.900 1010.100 0.543 -1.000 2.240 0.000

85 26.000 19.900 1010.200 0.540 -1.000 1.400 0.000

86 26.250 19.800 1010.200 0.538 -1.000 2.800 0.000

87 26.500 19.800 1011.000 0.535 -1.000 2.800 0.000

88 26.750 19.700 1011.000 0.532 -1.000 5.600 0.000

89 27.000 19.900 1010.800 0.532 -1.000 3.360 0.000

90 27.250 19.900 1010.900 0.542 -1.000 6.160 0.000

91 27.500 19.800 1011.000 0.542 -1.000 2.800 0.000

92 27.750 19.300 101 1.000 0.551 -1.000 2.800 0.000

93 28.000 18.900 1011.200 0.575 -1.000 2.800 0.000

94 28.250 18.500 1011.200 0.600 -1.000 0.560 0.000

95 28.500 18.000 1011.100 0.618 -1.000 1.400 0.000

96 28.750 17.900 1011.100 0.620 -1.000 3.360 0.000

97 29.000 18.000 1011.000 0.622 -1.000 2.800 0.000

98 29.250 18.000 1011.000 0.622 -1.000 2.240 0.000

99 29.500 18.000 1011.000 0.621 -1.000 1.400 0.000

100 29.750 17.800 1011.100 0.640 -1.000 0.560 0.000

101 30.000 17.000 101 1.000 0.662 -1.000 0.556 0.000

102 30.250 17.000 1011.100 0.670 -1.000 0.556 0.000

103 30.500 16.900 101 1.100 0.680 -1.000 2.222 0.000

104 30.750 17.100 101 1.000 0.680 -1.000 0.278 0.000

105 31.000 17.100 101 1.100 0.680 -1.000 0.278 0.000

106 31.250 16.800 1011.000 0.680 -1.000 0.278 0.000

107 31.500 16.900 1011.200 0.675 -1.000 0.556 0.344

108 31.750 16.900 101 1.400 0.690 -1.000 0.833 1.376

109 32.000 17.000 1011.300 0.689 -1.000 2.778 4.128

110 32.250 16.800 101 1.300 0.678 -1.000 1.389 8.256

111 32.500 17.000 1011.500 0.669 -1.000 0.278 11.352

112 32.750 17.200 1011.600 0.651 -1.000 1.944 16.168



Oct Weather Data

IDiffuse sky exposure cloud type precip type precip rate precip temp Time

57 0.000 0.700 3.000 0.000 0.000 0.000 19.000

58 0.000 0.800 6.000 0.000 0.000 0.000 19.250

59 0.000 0.850 6.000 0.000 0.000 0.000 19.500

60 0.000 0.850 6.000 0.000 0.000 0.000 19.750

61 0.000 0.900 6.000 0.000 0.000 0.000 20.000

62 0.000 0.950 6.000 0.000 0.000 0.000 20.250

63 0.000 0.950 6.000 0.000 0.000 0.000 20.500

64 0.000 0.950 6.000 0.000 0.000 0.000 20.750

65 0.000 0.950 6.000 0.000 0.000 0.000 21.000

66 0.000 0.900 6.000 0.000 0.000 0.000 21.250

67 0.000 0.950 6.000 0.000 0.000 0.000 21.500

68 0.000 0.950 6.000 0.000 0.000 0.000 21.750

69 0.000 0.950 6.000 0.000 0.000 0.000 22.000

70 0.000 0.950 6.000 0.000 0.000 0.000 22.250

71 0.000 0.900 6.000 0.000 0.000 0.000 22.500

72 0.000 0.900 6.000 0.000 0.000 0.000 22.750

73 0.000 0.900 6.000 0.000 0.000 0.000 23.000

74 0.000 0.900 6.000 0.000 0.000 0.000 23.250

75 0.000 0.900 6.000 0.000 0.000 0.000 23.500

76 0.000 0.900 6.000 0.000 0.000 0.000 23.750

77 0.000 0.500 6.000 0.000 0.000 0.000 24.000

78 0.000 0.250 6.000 0.000 0.000 0.000 24.250

79 0.000 0.600 6.000 0.000 0.000 0.000 24.500

80 0.000 0.900 6.000 0.000 0.000 0.000 24.750

81 0.000 0.950 6.000 0.000 0.000 0.000 25.000

82 0.000 1.000 0.000 0.000 0.000 0.000 25.250

83 0.000 1.000 0.000 0.000 0.000 0.000 25.500

84 0.000 1.000 0.000 0.000 0.000 0.000 25.750

85 0.000 1.000 0.000 0.000 0.000 0.000 26.000

86 0.000 1.000 0.000 0.000 0.000 0.000 26.250

87 0.000 1.000 0.000 0.000 0.000 0.000 26.500

88 0.000 1.000 0.000 0.000 0.000 0.000 26.750

89 0.000 1.000 0.000 0.000 0.000 0.000 27.000

90 0.000 1.000 0.000 0.000 0.000 0.000 27.250

91 0.000 1.000 0.000 0.000 0.000 0.000 27.500

92 0.000 1.000 0.000 0.000 0.000 0.000 27.750

93 0.000 1.000 0.000 0.000 0.000 0.000 28.000

94 0.000 1.000 0.000 0.000 0.000 0.000 28.250

95 0.000 1.000 0.000 0.000 0.000 0.000 28.500

96 0.000 1.000 0.000 0.000 0.000 0.000 28.750

97 0.000 1.000 0.000 0.000 0.000 0.000 29.000

98 0.000 1.000 0.000 0.000 0.000 0.000 29.250

99 0.000 1.000 0.000 0.000 0.000 0.000 29.500

100 0.000 1.000 0.000 0.000 0.000 0.000 29.750

101 0.000 1.000 1.000 0.000 0.000 0.000 30.000

102 0.000 0.900 1.000 0.000 0.000 0.000 30.250

103 0.000 0.950 1.000 0.000 0.000 0.000 30.500

104 0.000 0.900 1.000 0.000 0.000 0.000 30.750

105 0.000 0.950 1.000 0.000 0.000 0.000 31.000

106 0.000 0.950 1.000 0.000 0.000 0.000 31.250

107 0.344 0.900 1.000 0.000 0.000 0.000 31.500

108 1.376 0.950 1.000 0.000 0.000 0.000 31.750

109 1.720 0.900 1.000 0.000 0.000 0.000 32.000

110 2.752 0.900 1.000 0.000 0.000 0.000 32.250

111 2.752 0.950 1.000 0.000 0.000 0.000 32.500

112 3.440 0.950 1.000 0.000 0.000 0.000 32.750



Oct Weather Data

Time Air Temp Air Pressure Rel. Humidity Dew Point Wind Speed Direct

113 33.000 13.400 1011.800 0.632 -1.000 0.556 19.952

114 33.250 19.100 1011.800 0.622 -1.000 2.222 23.048

115 33.500 19.700 1011.900 0.610 -1.000 2.778 27.520

116 33.750 20.000 1011.900 0.600 -1.000 5.000 31.648

117 34.000 20.200 1011.800 0.589 -1.000 2.778 8.342

118 34.250 21.000 1011.800 0.580 -1.000 3.333 37.496

119 34.500 21.800 1011.800 0.570 -1.000 3.333 40.592

120 34.750 21.900 1011.900 0.551 -1.000 1.389 43.344

121 35.000 21.800 1011.900 0.543 -1.000 1.111 45.752

122 35.250 22.500 101 1.900 0.529 -1.000 0.833 48.160

123 35.500 22.300 1011.900 0.528 -1.000 1.111 50.568

124 35.750 23.200 1011.800 0.494 -1.000 1.389 51.944

125 36.000 23.900 1011.900 0.473 -1.000 0.833 53.320

126 36.250 24.200 1011.400 0.430 -1.000 4.444 54.696

127 36.500 24.900 1011.800 0.401 -1.000 2.778 55.384

128 36.750 25.200 1011.300 0.377 -1.000 3.333 55.728

129 37.000 26.200 1011.500 0.379 -1.000 2.778 54.696

130 37.250 26.500 1011.100 0.352 -1.000 5.556 55.728

131 37.500 26.700 1011.000 0.344 -1.000 2.778 56.072

132 37.750 26.800 1010.500 0.328 -1.000 4.167 56.416

133 38.000 26.500 1010.500 0.320 -1.000 6.944 54.696

134 38.250 26.800 1010.300 0.320 -1.000 5.556 55.040

135 38.500 26.500 1010.500 0.322 -1.000 5.556 51.944

136 38.750 26.600 1010.700 0.323 -1.000 5.556 49.880

137 39.000 26.500 1010.200 0.325 -1.000 6.944 46.096

138 39.250 26.600 1010.100 0.330 -1.000 5.556 43.688

139 39.500 26.600 1010.200 0.338 -1.000 5.000 41.280

140 39.750 26.800 1010.100 0.345 -1.000 2.222 38.528

141 40.000 26.700 1009.800 0.350 -1.000 5.556 35.432

142 40.250 26.600 1009.800 0.353 -1.000 3.056 32.336

143 40.500 26.500 1010.000 0.358 -1.000 3.333 28.208

144 40.750 26.500 1010.000 0.360 -1.000 2.778 25.112

145 41.000 26.500 1010.000 0.362 -1.000 4.167 20.984

146 41.250 26.300 1009.900 0.364 -1.000 4.167 17.544

147 41.500 26.300 1009.900 0.368 -1.000 4.167 13.760

148 41.750 26.000 1010.000 0.371 -1.000 2.778 10.320

149 42.000 25.500 1010.100 0.383 -1.000 2.222 6.880

150 42.250 25.200 1010.200 0.390 -1.000 1.389 3.784

151 42.500 24.500 1010.500 0.413 -1.000 2.222 1.376

152 42.750 24.000 1010.500 0.420 -1.000 1.111 0.000

153 43.000 23.500 1010.600 0.430 -1.000 1.389 0.000

154 43.250 23.000 1010.800 0.445 -1.000 1.389 0.000

155 43.500 22.500 101 1.000 0.453 -1.000 0.278 0.000

156 43.750 22.000 1011.200 0.440 -1.000 0.556 0.000

157 44.000 21.600 101 1.200 0.472 -1.000 0.556 0.000

158 44.250 21.800 1011.200 0.475 -1.000 0.556 0.000

159 44.500 21.700 1011.200 0.476 -1.000 2.222 0.000

160 44.750 21.700 1011.200 0.480 -1.000 0.833 0.000

161 45.000 21.300 101 1.500 0.490 -1.000 0.556 . 0.000

162 45.250 21.000 101 1.700 0.503 -1.000 0.278 0.000

163 45.500 20.500 1011.700 0.524 -1.000 0.556 0.000

164 45.750 20.200 1012.000 0.540 -1.000 0.278 0.000

165 46.000 19.800 1012.200 0.560 -1.000 0.556 0.000

166 46.250 19.300 1012.800 0.579 -1.000 0.278 0.000

167 46.500 19.300 1012.900 0.599 -1.000 1.389 0.000

168 46.750 19.200 1012.900 0.600 -1.000 1.111 0.000



Oct Weather Data

Diffuse sky exposure cloud type precip type precip rate precip temp Time

113 4.128 0.970 1.000 0.000 0.000 0.000 33.000

114 4.128 0.970 1.000 0.000 0.000 0.000 33.250

115 3.784 0.970 1.000 0.000 0.000 0.000 33.500

116 4.472 0.970 1.000 0.000 0.000 0.000 33.750

117 4.472 1.000 0.000 0.000 0.000 0.000 34.000

118 4.472 1.000 0.000 0.000 0.000 0.000 34.250

119 4.128 1.000 0.000 0.000 0.000 0.000 34.500

120 4.472 1.000 0.000 0.000 0.000 0.000 34.750

121 4.128 1.000 0.000 0.000 0.000 0.000 35.000

122 4.472 1.000 0.000 0.000 0.000 0.000 35.250

123 4.472 1.000 0.000 0.000 0.000 0.000 35.500

124 4.472 1.000 0.000 0.000 0.000 0.000 35.750

125 4.816 1.000 0.000 0.000 0.000 0.000 36.000

126 4.472 0.990 1.000 0.000 0.000 0.000 36.250

127 5.504 0.970 1.000 0.000 0.000 0.000 36.500

128 5.848 0.950 6.000 0.000 0.000 0.000 36.750

129 6.192 0.900 6.000 0.000 0.000 0.000 37.000

130 5.848 0.850 6.000 0.000 0.000 0.000 37.250

131 5.848 0.850 6.000 0.000 0.000 0.000 37.500

132 5.848 0.900 6.000 0.000 0.000 0.000 37.750

133 5.848 0.850 6.000 0.000 0.000 0.000 38.000

134 7.568 0.800 6.000 0.000 0.000 0.000 38.250

135 6.536 0.850 1.000 0.000 0.000 0.000 38.500

136 5.848 0.800 1.000 0.000 0.000 0.000 38.750

137 6.880 0.850 1.000 0.000 0.000 0.000 39.000

138 5.504 0.850 1.000 0.000 0.000 0.000 39.250

139 4.816 0.900 1.000 0.000 0.000 0.000 39.500

140 5.160 0.900 1.000 0.000 0.000 0.000 39.750

141 4.472 0.900 1.000 0.000 0.000 0.000 40.000

142 4.472 0.900 1.000 0.000 0.000 0.000 40.250

143 4.128 0.950 1.000 0.000 0.000 0.000 40.500

144 3.784 0.950 1.000 0.000 0.000 0.000 40.750

145 3.784 0.950 1.000 0.000 0.000 0.000 41.000

146 3.440 0.950 1.000 0.000 0.000 0.000 41.250

147 2.752 0.950 1.000 0.000 0.000 0.000 41.500

148 2.752 0.950 1.000 0.000 0.000 0.000 41.750

149 2.064 0.950 3.000 0.000 0.000 0.000 42.000

150 1.720 0.950 3.000 0.000 0.000 0.000 42.250

151 0.688 0.950 3.000 0.000 0.000 0.000 42.500

152 0.000 0.950 3.000 0.000 0.000 0.000 42.750

153 0.000 0.950 3.000 0.000 0.000 0.000 43.000

154 0.000 0.950 3.000 0.000 0.000 0.000 43.250

155 0.000 1.000 0.000 0.000 0.000 0.000 43.500

156 0.000 1.000 0.000 0.000 0.000 0.000 43.750

157 0.000 1.000 0.000 0.000 0.000 0.000 44.000

158 0.000 1.000 0.000 0.000 0.000 0.000 44.250

159 0.000 0.800 1.000 0.000 0.000 0.000 44.500

160 0.000 0.800 1.000 0.000 0.000 0.000 44.750

161 0.000 0.950 1.000 0.Q00 0.000 0.000 45.000

162 0.000 0.950 1.000 0.000 0.000 0.000 45.250

163 0.000 0.970 1.000 0.000 0.000 0.000 45.500

164 0.000 1.000 0.000 0.000 0.000 0.000 45.750

165 0.000 1.000 0.000 0.000 0.000 0.000 46.000

166 0.000 1.000 0.000 0.000 0.000 0.000 46.250

167 0.000 1.000 0.000 0.000 0.000 0.000 46.500

168 0.000 1.000 0.000 0.000 0.000 0.000 46.750



Oct Weather Data
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ne Air Temp Air Pressure Rel. Humidity

47.000 19.200 1013.100 0.602

47.250 19.200 1013.100 0.601

47.500 18.900 1013.100 0.615

47.750 18.400 1013.000 0.612

48.000 18.900 1013.800 0.626

48.250 18.700 1013.900 0.630

48.500 18.600 1013.700 0.640

48.750 18.500 1013.900 0.645

49.000 18.400 1013.900 0.644

49.250 18.200 1013.500 0.632

49.500 18.300 1014.000 0.649

49.750 18.200 1014.000 0.652

50.000 18.200 1014.100 0.661

50.250 18.100 1014.500 0.668

50.500 18.100 1014.800 0.680

50.750 17.500 1014.000 0.693

51.000 17.800 1014.500 0.700

51.250 17.000 1014.800 0.720

51.500 16.800 1014.800 0.740

51.750 16.500 1014.200 0.749

52.000 16.400 1014.200 0.761

52.250 16.100 1014.000 0.770

52.500 16.500 1014.500 0.781

52.750 16.000 1014.400 0.788

53.000 16.200 1014.700 0.788

Dew Point Wind Speed Direct
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Oct Weather Data

Diffuse sky exposure cloud type precip type precip rate precip temp Time

169 0.000 0.900 6.000 0.000 0.000 0.000 47.000

170 0.000 0.850 6.000 0.000 0.000 0.000 47.250

171 0.000 0.900 6.000 0.000 0.000 0.000 47.500

172 0.000 0.900 6.000 0.000 0.000 0.000 47.750

173 0.000 0.950 6.000 0.000 0.000 0.000 48.000

174 0.000 1.000 0.000 0.000 0.000 0.000 48.250

175 0.000 0.950 6.000 0.000 0.000 0.000 48.500

176 0.000 1.000 0.000 0.000 0.000 0.000 48.750

177 0.000 1.000 0.000 0.000 0.000 0.000 49.000

178 0.000 0.950 6.000 0.000 0.000 0.000 49.250

179 0.000 1.000 0.000 0.000 0.000 0.000 49.500

180 0.000 1.000 0.000 0.000 0.000 0.000 49.750

181 0.000 1.000 0.000 0.000 0.000 0.000 50.000

182 0.000 1.000 0.000 0.000 0.000 0.000 50.250

183 0.000 1.000 0.000 0.000 0.000 0.000 50.500

184 0.000 1.000 0.000 0.000 0.000 0.000 50.750

185 0.000 0.900 6.000 0.000 0.000 0.000 51.000

186 0.000 0.800 6.000 0.000 0.000 0.000 51.250

187 0.000 0.950 6.000 0.000 0.000 0.000 51.500

188 0.000 0.950 6.000 0.000 0.000 0.000 51.750

189 0.000 0.900 6.000 0.000 0.000 0.000 52.000

190 0.000 0.900 6.000 0.000 0.000 0.000 52.250

191 0.000 0.900 6.000 0.000 0.000 0.000 52.500

192 0.000 0.800 6.000 0.000 0.000 0.000 52.750

193 0.000 0.800 6.000 0.000 0.000 0.000 53.000



APPENDIX F

Radiosonde Data for

June 1992 & October 1990 Data Collections

June 1992

Buffalo Airport Decoded Radiosonde Data

., 1992 OOZ

Altitude Temperature Dew Point Pressure

2.18e+2 8.2e+0 7e+0 9.89e+2

7.87e+2 3.8e+0 3e+0 9.25e+2

1.454c+3 2e-l -8e-l 8.5e+2

2.409e+3 -4.5e+0 -5.6e+0 7.57e+2

2.995e+3 -4.1e+0 -5.2e+0 7e+2

3.059e+3 -3.7e+0 -4.8e+0 6.95e+2

3.509e+3 -5.9e+0 -7.1e+0 6.6e+2

3.753e+3 -6.7e+0 -1.27e+l 6.41e+2

4.138e+3 -9.1e+0 -1.71e+l 6.11e+2

4.524e+3 -1.17e+l -1.66e+l 5.81e+2

4.755e+3 -1.31e+l -1.91e+l 5.63e+2

4.909e+3 -1.27e+l -2.27e+l 5.51e+2

5.32e+3 -1.59e+l -2.09e+l 5.19e+2

5.5e+3 -1.71e+l -4.71e+l 5.05e+2

7.40 le+3 -3.59e+l -6.59e+l 3.57e+2

7.697e+3 -3.99e+l -4.79e+l 3.34e+2

9.07 le+3 -4.83e+l 2.27e+2

9.25 le+3 -4.51e+l 2.13e+2

1.0125e+4 -4.63e+l 1.45c+2

June 22, 1992 12Z

Altitude Temperature Dew Point Pressure

2.18e+2 7e+0 4.3e+0 9.92e+2

2.44e+2 7.6e+0 4.5e+0 9.89e+2

1.054e+3 6e-l -3e-l 8.97e+2

1.467e+3 -5e-l -3.3e+0 8.5e+2

1.868e+3 -3.3e+0 -4.2e+0 8.11e+2

2.002e+3 -1.9e+0 -3.2e+0 7.98e+2

2.023e+3 -1.5e+0 -4.7e+0 7.96e+2

2.074e+3 -9e-l -3.09e+l 7.91e+2

2.372e+3 -1.7c+0 -3.17e+l 7.62e+2

2.424e+3 -1.9e+0 -1.49e+l 7.57e+2

2.507e+3 -1.9e+0 -3.19e+l 7.49e+2

2.579e+3 -2.3e+0 -1.73e+l 7.42e+2

2.836e+3 -3.3e+0 -3.33e+l 7.17e+2

2.949e+3 -3.1e+0 -1.51e+l 7.06e+2

3.01 le+3 -3.7e+0 -1.47e+l 7e+2



3.151e+3 -4.1e+0

3.253e+3 -4.5e+0

3.381e+3 -5.3e+0

3.572e+3 -6.5e+0

4.834e+3 -1.35e+l

5.56e+3 -1.87e+l

6.38 le+3 -2.25e+l

7.72e+3 -3.17e+l

9.084e+3 -4.01e+l

9.92e+3 -4.49e+l

1.004e+4 -4.93e+l

1.2187e+4 -4.79e+l

1.2713e+4 -4.69e+l

1.4377e+4 -4.95e+l

1.501 le+4 -5.03e+l

1.5283e+4 -4.81e+l

1.6641e+4 -5.27e+l

-1.41c+l

-1.95e+l

-1.53e+l

-3.65e+l

-4.35e+l

-4.87e+l

-5.25e+l

-6.17e+l

-7.01e+l

6.89e+2

6.81e+2

6.71e+2

6.56e+2

5.57e+2

5e+2

4.62e+2

4e+2

3.38e+2

3e+2

2.5e+2

2e+2

1.88e+2

1.5e+2

1.36e+2

1.3e+2

le+2

June 23, 1992 OOZ

Altitude Temperature Dew Point Pressure

2.18e+2 9.91e+2 1.58e+l 7.8e+0

6.79e+2 9.4e+2 1.08e+l 6.7e+0

8.14e+2 9.25e+2 1.06e+l 3.6e+0

1.492e+3 8.5e+2 4.8e+0 0e+0

2.096e+3 7.92e+2 Oe+0 -3.3e+0

2.262e+3 7.74e+2 4e-l -2.2e+0

2.449e+3 7.58e+2 1.2e+0 -3.12e+l

3.053e+3 7e+2 -1.5e+0 -3.15e+l

3.832e+3 6.38e+2 -6.1e+0 -3.61e+l

4.209e+3 6.08e+2 -5.7e+0 -3.57e+l

5.566e+3 5e+2 -1.65e+l -4.65e+l

6.302e+3 4.66e+2 -1.91e+l -4.91e+l

7.32e+3 4.19e+2 -2.49e+l -5.49e+l

7.73 le+3 4e+2 -2.77e+l -3.57e+l

8.215e+3 3.78e+2 -3.11e+l -3.61e+l

9.513e+3 3.19e+2 -3.99e+l -4.89e+l

9.93 le+3 3e+2 -4.33e+l

1.005 le+4 2.5e+2 -5.35e+l

1.155e+4 2.15e+2 -6.01e+l

1.2064e+4 2.03e+2 -5.31e+l

1.2193e+4 2e+2 -5.29e+l

1.368e+4 1.66e+2 -4.99e+l

1.438e+4 1.5e+2 -5.05e+l

1.6642e+4 le+2 -5.23e+l



June 23, 1992 12Z

Altitude Temperature Dew Point Pressure

2.18e+2 9.9e+2 7.6e+0 5.4e+0

2.63e+2 9.85e+2 7.4e+0 6e+0

3.17e+2 9.79e+2 9.6e+0 7.8e+0

3.44e+2 9.76e+2 1.02e+l 2.2e+0

4.25e+2 9.67e+2 l.le+1 -2e+0

1.27 le+3 8.73e+2 4.8e+0 -3.2e+0

1.352e+3 8.64e+2 4.8e+0 -2.52e+l

1.478e+3 8.5e+2 4.4e+0 -2.56e+l

1.812e+3 8.18e+2 4.2e+0 -2.58e+l

2.73 le+3 7.3e+2 0e+0 -3e+l

3.044e+3 7e+2 -2.5e+0 -2.15e+l

4.654e+3 5.76e+2 -1.13e+l -2.93e+l

4.9e+3 5.57e+2 -1.33e+l -2.13e+l

4.939e+3 5.54e+2 -1.37e+l -3.07e+l

4.965e+3 5.52e+2 -1.37e+l -2.67e+l

5.017e+3 5.48e+2 -1.41e+l -4.41e+l

5.316e+3 5.25e+2 -1.65e+l -2.15e+l

5.445e+3 5.15e+2 -1.67e+l -1.86e+l

5.64e+3 5e+2 -1.75e+l -1.93e+l

6.91 le+3 4.22e+2 -2.63e+l -2.89e+l

7.27e+3 4e+2 -2.93e+l -3.34e+l

9.26e+3 3e+2 -4.47e+l

1.0046e+4 2.5e+2 -5.53e+l

1.187e+4 2e+2 -5.35e+l

1.374e+4 1.5e+2 -5.13e+l

1.636e+4 le+2 -5.37e+l

June 24, 1992 OOZ

Altitude Temperature Dew Point Pressure

2.18e+2 9.85e+2 1.74e+l 7.4e+0

5.02e+2 9.54e+2 1.58e+l 1.38e+l

1.456e+3 8.5e+2 6.8e+0 2.9e+0

1.685e+3 8.28e+2 4.8e+0 2.9e+0

2.299e+3 7.69e+2 Oe+0 -le+0

2.913e+3 7. le+2 -4.3e+0 -5.3e+0

3.017e+3 7e+2 -4.1e+0 -5. le+0

3.335e+3 6.75e+2 -3.1e+0 -4. le+0

4.315e+3 5.98e+2 -7.5e+0 -8.7e+0

5.563e+3 5e+2 -1.63e+l -1.78e+l

7.727e+3 4e+2 -2.87e+l -3.21e+l

8.073e+3 3.84e+2 -3.09e+l -3.51e+l



June 24, 1992 12Z

Altitude

2.18e+2

3.55e+2

9.76e+2

1.396e+3

2.973e+3

3.749e+3

3.8e+3

3.942e+3

4.188e+3

4.382e+3

5.558e+3

7.72 le+3

8.973e+3

9.918e+3

1.0038e+4

1.0553e+4

1.2184e+4

1.4373e+4

1.469e+4

1.6275e+4

1.6637e+4

Temperature Dew Point Pressure

9.79e+2 1.2e+l 1.02e+l

9.64e+2 1.28e+l 1.14e+l

8.96e+2 9.6e+0 8.9e+0

8.5e+2 8e+0 7.2e+0

7e+2
-1.9e+0 -4.5e+0

6.4e+2 6.5e+0 -9.2e+0

6.36e+2
-6.7e+0 -9.9e+0

6.25e+2 -6.9e+0 -2.09e+l

6.06e+2 -8.3e+0 -1.53e+l

5.91e+2 -8.9e+0 -3.89e+l

5e+2 -6.9e+0 -4.69e+l

4e+2 -3.11e+l -6.11e+l

3.43e+2 -3.99e+l -6.99e+l

3e+2 -4.43e+l

2.5e+2 -5.11e+l

2.38e+2 -5.21e+l

2e+2 -4.81e+l

1.5e+2 -4.97e+l

1.43e+2 -4.87e+l

1.08e+2 -5.41e+l

le+2 -5.23e+l
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BUFFALO. 1YEW YORK 10- 6- 1990 PRELIMINARY

RADIOSONDE/RAWINSONOE OBSERVATION UBAN NO. 14733 TIME (GMT) 00 Z

ELAP TIME

IMIN7SEC1

PRESSURE

CMBS1

HEIGHT

IM-MS1 J

TEMP

(DEG Cl

DP DEPR

<DEG Cl

RH

X

WIND

_D_lR_LIlfiJ_

WIN

SPDiM

.00 985.60 218 18.4 6 .8 64.0 ?20 7

.12

.48

979.10

959.40

275

449

18.3

17.3

7.3

7.0

62.2

63.0

223

230

9

18

1.00

1.06

.00

949.30

509

539

.0

17.6

.0

7.7

.0

60.2

233

233

21

21

1.30

2.00

937.80

.00

644

793

19.1

.0

10.9

.0

49.1

.0

232

231

22

23

3.00

4.00

.00

.00

1092

1391

.0

.0

.0

.0

.0

0

235

246

25

25

4.18

5.00

850.00

.00

1481

1681

13.4

.0

8.9

.0

54.6

.0

249

255

26

27

5.06

6.00

827.10

.00

1710

1976

11.1

.0

7.3

.0

60.5

.0

256

?65

27

31

6.06

6.48

798.20

780. nn

2006

2198

9.7

8.8

7.4

5.0

59.6

70.5

266

274

31

33

7.00

7.06

.00

772.60

2251

2277

.0

8.5

.0

4.8

.0

71.6

276

277

34

34

7.36

8.00

760.00

.00

2413

2515

9.2

.0

7.5

.0

59.3

.0

280

282

34

34

8.24

9.00

741.50

.00

2617

2784

8.3

.0

9.4

.0

51.6

.0

282

283

33

32

10.00

10.06

.00

700.00

3062

3090

.0

4.5

.0

7.6

.0

57.5

283

283

30

30

11.00

12.00

.00

656.90

3333

3604

.0

.1

.0

6.3

.0

62.3

284

286

29

30

13.00

13.24

.00

624.40

3893

4008

.0

-3.4

.0

4.2

.0

72.5

286

2 86

31

31

14.00

14.18

.00

604.20

4181

4268

.0

-5.3

.0

5.4

.0

65.7

287

287

30

30

15.00

16.00

.00

.00

4460

4733

.0

.0

.0

.0

.0

.0

286

285

30

29

16.12

16.30

565.20

558.60

4788

4876

-9.6

-9.9

2.1

4.0

84.7

72.5

286

287

29

29

17.00

17.54

.00

532.70

5007

5244

.0

-11.7

.0

3.5

.0

75.2

289

293

29

28

18.00

18.12

.00

527.20

5271

5324

.0

-11.9

.0

5.0

.0

66.0

293

2 94

28

28

19.00

19.48

.00

500.00

5526

5727

.0

-14.4

.0

6.9

.0

55.8

296

296

28

30

20.00

21.00

.00

.00

5781

6048

.0

.0

.0

.0

.0

.0

296

297

31

32

21.54

22.00

464.00

.00

6289

6317

-18.7

.0

5.3

.0

62.9

.0

2 96

296

32

32

22.42

23.00

450.10

.00

6516

6597

-19.5

.0

7.3

.0

52.4

.0

293

2 92

30

30

24.00

24.30

.00

421.50

6 86 6

7001

.0

-22.9

.0

9.8

.0

40.7

289

290

30

30

25.00

26.00

.00

400.00

7128

7382

.0

-26.5

.0

8.1

.0

46.2

290

292

31

32

27.00

28.00

.00

.00

7675

7969

.0

.0

.0

.0

.0

.0

291

294

34

33

28.18

29.00

364.00

.00

8057

8256

-31.3

.0

10.9

.0

33.4

.0

295

296

32

30

29.42 344.00 8454 -34.8 12.2 27.4 295 28



BUFFALO. 1NEW YORK in- 6- 199fj PRELIMINARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 00 Z

ELAP TIME

(MTN/SFC)

PRESSURE

IMBSI

HEIGHT

(M-MSt 1

TEMP

(DEG Cl

DP DEPR

(DEG C)

RH

X

WIND

OIR(DFG)

WIND

SPDIM/

30.00 .00 8542 0 .0 .0 295 27.

31.00

31.42

.00

316.10

8834

9038

.0

-39.9

.0

11.2

.0

28.7

291

290

28.

30.

32.00

32.54

.00

300.00

9127

9393

.0

-43.2

.0

99.9

.0

999.9

289

289

31.

34.

33.00

34.00

.00

.00

9423

9723

.0

.0

.0

.0

.0

.0

289

289

34.

37.

35.00

35.12

.00

270.50

10022

10082

.0

-48.8

.0

99.9

.0

999.9

290

290

35.

35.

36.00

36.06

.00

260.20

10308

10336

.0

-50.5

.0

99.9

.0

999.9

-

289

289

32.

32.

37.00

38.00

250.00

.00

10596

10901

-51.4

.0

99.9

.0

999.9

.0

289

290

37.

48.

39.00

40.00

.00

.00

11206

11511

.0

.0

.0

.0

.0

.0

291

294

43.

28.

40.48

41.00

208.60

.00

11755

11816

-57.9

.0

99.9

.0

999.9

.0

288

287

28.

28.

41.12

41.42

204.60

200.00

11877

12021

-58.0

-56.8

99.9

99.9

999.9

999.9

288

289

30.

36.

42.00

42.12

rOO

195.00

12117

12181

.0

-57.3

.0

99.9

.0

999.9

290

291

39.

41.

42.42

43.00

190.50

.00

12329

12427

-56.6

.0

99.9

.0

999.9

.0

292

293

47.

50.

43.54

44.00

179.10

.00

12719

12753

-58.1

.0

99.9

.0

999.9

.0

285

284

48.

47.

44.30

45.00

173.40

.00

12923

13077

-56.6

.0

99.9

.0

999.9

.0

262

280

49.

51.

45.42

46.00

163.60

.00

13292

13389

-56.5

.0

99.9

.0

999.9

.0

281

282

52.

52.

47.00

47.24

.00

150.00

13712

13841

.0

-58,3

.0

99.9

.0

999.9

280

281

39.

37.

48.00

49.00

.00

.00

14038

14365

.0

.0

.0

.0

.0

.0

282

284

34.

29.

50.00

50.24

.00

128.20

14693

14824

.0

-60.5

.0

99.9

.0

999.9

288

288

24.

23.

51.00

51.06

.00

123.60

15019

15052

.0

-60.5

.0

99.9

.0

999.9

289

289

21.

21.

51.48

52.00

119.40

.00

15268

15335

-58.8

.0

99.9

.0

999.9

.0

290

290

20.

20.

52.48

53.00

113.20

.00

15602

15670

-59.6

.0

99.9

.0

999.9

.0

289

289

19.

19.

53.30

54.00

109.00

.00

15839

16020

-57.9

.0

99.9

.0

999.9

.0

291

293

20.

22.

54.30

55.00

102.90

100.00

16201

16379

-60.3

-59.9

99.9

99.9

999.9

999.9

29Q

288

24.

27.

55.24

56.00

98.00

.00

16505

16720

-60.1

.0

99.9

.0

999.9

.0

292

300

25.

23.

56.24

57.00

92.50

.00

16863

17093

-62.6

.0

99.9

.0

999.9

.0

302

305

22.

21.

57.12

57.36

58.00

58.24

59.00

88.00

86.30

17170

17290

-63.6

-62.9

99.9

99t9

999.9

999.9

84.20

82.40

17443

17577

-60.8

-60.7

99.9

99.9

999.9

999.9

.00 17807 0

304

Jfli
302

311

.0 327

18,

_L3j

8.

6.

3.



BUFFALO, NEW YORK in- 6-i99n ppfi tmtnary

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) OO Z

ELAP TIME PRESSURE HEIGHT TEMP DP DEPR RH WIND

(HTN/SFC) (MBS) (M-HSi l mFfi n mFfi C> T nTR<nFrfi>

?Q.?tt 77. RH 1796n -58.7 99.9 999.9 ?93 5.1

60.00

60.48

.00

71. 7n

18169

1844R

.0

-59.4

.0

99.9

.0

999.9

246

753

6.7

in. 8

61.00

61.12

.00

7n.nn

18523

18598

.0

-60.4

.0

99 .9

.0

999.9

255

758

11.8

13.9

62.00

63.00

.00

.nn

18893

19261

.0

.n

.0

.0

.0

.0

271

273

22.1

20.1

64.00

64.36

.00

57.30

19629

198;n

.0

-58.8

.0

99.9

.0

999.9

289

2 94

19.5

17. D

65.00

65.54

.00

52. 9n

20004

20351

.0

-59.8

.0

99 .9

.0

999.9

297 14.9

12.3

66.00

66.54

.00

so. no

20386

207H4

0

-58.3

.0

99.9

.0

999.9

308

299

11.8

10.3

67.00

67.24

.00

48.50

20743

20897

.0

-56.2

.0

99.9

.0

999.9

298

293

10.3

9.3

68.00

68.54

.00

44.40

21121

21456

.0

-58.0

.0

99.9

.0

999.9

286

277

8.2

6.7

69.00

70.00

.00

.00

21495

21886

.0

0

.0

.0

.0

.0

276

268

6.7

6.7

71.00

71.36

.00

37.60

22277

22511

.0

-55. 1

.0

99.9

.0

999.9

260

252

5.1

6.2

72.00

73.00

.00

.on

22669

23065

.0

.0

.0

.0

.0

.0

246

238

6.7

7.7

74.00

74.24

.00

31.60

23461

23619

.0

-56.0

.0

99.9

.0

999.9

236

246

8.2

9.3

75.00

75.18

.00

30.00

23840

23950

.0

-54.8

.0

99.9

.0

999.9

260

263

10.8

11.3

76.00

77.00

.00

.00

24275

24739

.0

.0

.0

.0

.0

.0

270

283

11.8

14.9

77.30

78.00

25.60

.00

24971

25207

-52.1

.0

99.9

.0

999.9

.0

285

288

15.9

17.5

78.30

79.00

23.80

.00

25444

25643

-51.8

.0

99.9

.0

999.9

.0

287

286

18.0

18.0

79.42

80.00

22.10

.00

25921

26050

-54.2

.0

99.9

.0

999.9

.0

290

292

18.5

18.5

81.00

81.12

.00

20.00

26478

26564

.0

-52.9

.0

99.9

.0

999.9

284

283

15.9

15.4

82.00

83.00

.00

.00

26928

27383

.0

.0

.0

.0

.0

.0

280

272

12.3

10.8

83.42 16.80 27701 -48.0 99.9 999.9 262 9.3

84.00 j_OJJ
27833 y_0 .0 tO 258 8^7

85.00 .00 28274 .0 .0 .0 262 7.7

86.00 yjDO 28716 .0 0 tO 259 8^2

86.24 14.00 28892 -52.6 99.9 999.9 263 7.2

87.00 .00 29183 lQ yj j_Q 270 5_jJ
87.48 12.60 29572 -53.3 99.9 999.9 999 999.9

END OF AVAILABLE PRELIMINARY DATA



BUFFALO, NFU YORK ID- 6- 1990 PRFI TMTNARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 12 Z

ELAP TIME

(MIN/SEC)

PRESSURE

(MBS)

HEI6HT

(M-MSL)

TEMP

(DE6 C)

DP DEPR

(DEG C)

RH

X

WIND

DIR(DEG)

WIND

SPDIM/S )

-nn 987. ?lfl 19.3 8 .9 56.0 200 7.7

.06

1.00

983.60

.00

250

524

19.1

.0

8.4

.0

57.8

.0

203

225

9.8

25.7

2.00

2.36

.00

899.70

829

1012

.0

15.3

.0

5.9

.0

67.7

239

249

26.2

25.7

2.54

3.00

891.20

.00

1093

1116

15.2

.0

5.3

.0

70.3

.0

254

255

25.7

25.7

3.06

3.18

886.40

881.60

1139

1185

16.9

17.3

8.3

7.9

57.9

59.4

256

257

25.2

24.7

3.36

4.00

873.50

.nn

1264

1367

17.0

.0

8.7

.0

56.5

.0

260

263

23.7

22.1

4.30

5.00

850.00

.no

1496

1624

15.0

.0

4.3

.0

75.0

.0

261

259

20.6

19.0

5.06

5.24

834.70

826. 5n

1650

1734

14.3

14.9

4.5

10.4

73.9

49.7

258

256

19.0

20.1

6.00

6.42

.00

791.70

1902

2097

.0

13.5

.0

16.6

.0

31.7

252

250

21.6

24.2

7.00

8.00

.00

.00

2187

2488

.0

.0

.0

.0

.0

.0

249

249

25.7

24.7

9.00

io. no

.00

.DO

2788

3089

.0

.0

.0

.0

.0

.0

250

252

23.1

24.2

10.06

11.00

700.00

.00

3119

3389

5.5

.0

11.7

.0

42.8

.0

252

253

24.2

24.2

12.00

12.12

.00

647.60

3688

3748

.0

-.1

.0

8.4

.0

53.1

257

258

24.2

24.2

13.00

13.36

.00

616.10

3975

4145

.0

-4.0

.0

5.4

.0

65.9

260

263

23.7

23.7

13.54

14.00

609.00

.00

4237

4260

-4.2

.0

10.9

.0

42.8

.0

265

265

23.7

23.7

14.30

15.00

598.30

.00

4376

4506

-4.3

.0

16.1

.0

27.6

.0

268

272

23.7

23.7

16.00

16.24

.00

561.90

4765

4869

.0

-6.6

.0

30.0

.0

20.0

275

275

24.7

24.7

17.00

18.00

.00

.00

5033

5305

.0

.0

.0

.0

.0

.0

274

276

24.7

24.7

19.00

19.42

.00

500.00

5578

5769

.0

-13.6

.0

30.0

.0

20.0

278

280

24.7

25.2

20.00

20.06

.00

492.90

5850

5877

.0

-14.4

.0

12.5

.0

34.0

281

281

25.2

25.2

21.00

22.00

22.48

23.00

23.06

23.30

24.00

24.48

25.00

25.24

26.00

26.30

27.00

28.00

2P-17

.00

00

444.70

.00

439.60

432.60

423.70

409.70

00

400.00

.00

382.20

.00

.00

755. 7n

6134

6420

.0

0

.0

.0

.0

.0

6648

6705

20.6

.0

7.6

.0

50.8

.0

6733

6852

21.2

21.5

7.6

12.0

50.4

33.3

7005

7251

22.5

22.6

14.5

30.0

25.5

20.0

7310

7427

.0

2 3.8

.0

15.0

.0

23.6

7608

7758

.0

26.6

.0

9.8

.0

39.2

7909

8212

.0

.0

.0

.0

.0

.0

8273 -30.2 4.9 62.1

281

280

25.7

27.3
999

999

999.9

999.9

999

999

282

999

999

999

999.9

999.9

28.3

999.9

999.9

999.9

26.2

26.8

280

27.8

28.8

29.3



BUFFALO. 1NEW YORK 10- 6- 1990 PRELIMINARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 12 Z

ELAP TIME

IMIN/SEC)

PRESSURE

(MBS)

HEIGHT

(M-MSL)

TEMP

(DEG C)

DP DEPR

(DFG C)

RH

X

WIND

JLIR_LDX6_L_

WIND

spd(m/s:

29.00-
.nn 8501 .0 .0 .0

778
31.4'

29.06

29.54

343.10

331.60

8529

8769

-32.0

-33.8

6.9

7.1

49.9

48.6

278

277

31.4

31.9

30.00

30.36

.00

321.60

8800

8983

.0

-34.8

.0

10.7

.0

32.5

277

277

31.9

32.9

31.00

31.18

.00

311.90

9105

9196

.0

-36.6

.0

14.2

.0

20.9

277

278

33.4

33.4

32.00

32.06

.00

300.00

9431

9464

.0

-39.0

.0

13.4

.0

22.2

279

280

34.0

34.0

32.30

33.00

295.20

.00

9574

9729

-40.0

.0

12.2

.0

25.2

.0

281

284

34.5

35.0

34.00

35.00

.00

.nn

10038

10347

.0

.0

.0

.0

.0

.0

999

2 90

999.9

29.8

36.00

36.06

.00

250. on

10656

in687

.0

-4 9.2

.0

99.9

.0

999.9

293

293

30.4

3D. 9

37.00

37.42

.00

231.30

10972

11193

.0

-53.2

.0

99.9

.0

999.9

2 92

293

33.4

37.6

38.00

39.00

00

.00

11282

11580

.0

.0

.0

.0

.0

.0

294

2 90

39.1

40.6

40.00

40.48

.00

200.00

11877

12115

.0

-59.7

.0

99.9

.0

999.9

292

297

36.0

33.4

41.00

41.54

.00

190.40

12171

12422

.0

-61.2

.0

99.9

.0

999.9

298

295

32.9

32.9

42.00

42.30

.00

184.70

12454

12611

.0

-60.6

.0

99.9

.0

999.9

295

293

32.9

35.5

43.00

44.00

.00

.00

12767

13079

.0

.0

.0

.0

.0

.0

292

999

37.6

999.9

44.06

44.36

170.40

166.20

13110

13264

-6 3.0

-62.4

99.9

99.9

999.9

999.9

999

999

999.9

999.9

45.00

45.36

.00

158.30

13384

13563

.0

-63.8

.0

99.9

.0

999.9

293

288

33.4

34.0

46.00

46.36

.00

150.00

13695

13894

.0

-63.1

.0

99.9

.0

999.9

285

286

34.0

35.5

47.00

48.00

00

.00

14032

14377

.0

.0

.0

.0

.0

.0

287

2 87

36.5

37.0

48.06

48.30

137.90

135.10

14412

14539

-62.9

-60.6

99.9

99.9

999.9

999.9

288

290

37.0

36.5

48.48

49.00

132.90

.00

14641

14710

-60.5

.0

99.9

.0

999.9

.0

292

293

36.0

35.5

49.18

50.00

129.30

.00

14813

15038

-59.0

.0

99.9

.0

999.9

.0

294

295

34.0

30.9

51.00

51.18

52.00

52.42

53.00

53.24

.00

116.60

112.30

107.60

00

103.20

15360

15456

.0

-62.5

.0

99.9

.0

999.9

15688

15952

-62.7

-60.9

99.9

99.9

16063

16211

.0

-62.0

.0

99.9

999.9

999.9

.0

999.9

300

301

304

2 96

293

290

25.7

23.7

19.0

18.0

17.5

16.5

54.00

55.00

100.00

94.50

16406

16755

-62.0

-63.3

99.9

99.9

999.9

999.9

287

279

14.9

15.4

55.12

55.36

56.00

56.06

56.18

93.50

91.60

.00

89.30

88.30

16820

16947

-63.2

-61.5

99.9

99.9

999.9

999.9

17073

17104

.0

-62.0

.0

99.9

.0

999.9

17174 -61.3 99.9 999.9

278

275

272

271

269

15.4

14.9

14.4

14.4

13.9



BUFFALO. NEU YORK 10- 6-1990 PRFLIMINARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 12 Z

ELAP TIME

(MIN/SEC)

56.36.

57.00

57*0.6.

58.00

59. nn

59.42

60.00

60.06

61. QQ

61.12

61.47

62.00

63. QD

64.00

64.12

PRESSURE
(MB??)

HEIGHT

(H-MSL 1

TEMP

(nrG ci

DP DEPR

(PEG C)

RH

_3L

WIND

DIR(DEG)

86.80 17261 -59.1 99.9 999.9

.00

63.20

17435

17^73

.0

57.2

.0

99.9

.0

999.9

.00

74.<?n

17819

18704

.0

623

.0

99.9

.0

999.9

71.70

!_OJL

18473

18584

63.4

70.00

tDJL

99.9

mJL

999.9

18621

1896.3

-63.1 99.9 999.9

tSL

65.40

63. 4H

19039

19231

63.2

61.3

99.9

99.9

999.9

999.9

.00

no

19345

19727

.0 .0

_JL

.0

_^n_

.00

-SJUJUL

20108

20184

.0

59.7

.0

99.9

.0

999i9

266

261

260

255

259

272

278

279

293

296

305

310

304

268

257

WIND

SPD(M/

JL3_.

12.

AZj,

12.

JUL.

11.

11.

11.

JJL,

10.

10.

10.

7.

7.

64.42

65. on

52.80

.no

20372

2D486

-58.1

.0

99.9

.0

999.9

.0

229

212

5.

4.

65.36

66. nn

50.00

.nn

20714

20897

-59.4

.0

99.9

.0

999.9

.0

999.9

.0

224

233

223

203

6.

8.

66.18

67.00

47.50

.on

21034

21329

-61.1

.n

99.9

.0

7.

4 .

67.06

67.47

45.00

43.20

21371

21625

-59.6

-60.6

99.9

99.9

999.9

999.9

210

25D

5.

7.

68.00

68.30

.00

41.10

21742

21937

.0

-58.6

.0

99.9

.0

999.9

268

775

8.

9.

69.00

70.00

.00

.00

22149

22574

.0

.0

.0

.0

.0

.n

282

290

11.

11.

70.06

70.48

36.90

35.10

22616

22934

-57.5

-55.3

99.9

99.9

999.9

999.9

2 90

293

11.

12.

71.00

72.00

.00

.00

23021

23459

0

.0

.0

.0

.0

.0

294

36

13.

3.

73.00

73.06

.00

30.00

23896

23940

.0

-53.4

.0

99.9

.0

999.9

305

304

10.

10.

74.00

75.00

.00

.00

24408

24928

.0

.0

.0

.0

.0

.0

289

262

7.

9.

76.00

77.00

.00

.00

25448

25968

.0

.0

.0

.0

.0

.0

261

231

19.1

11.

78.00

78.06

.00

20.00

26488

26540

.0

-55.2

.0

99.9

.0

999.9

222

227

7.

8.

79.00

79.24

.00

18.20

26957

27142

.0

-55.2

.0

99.9

.0

999.9

264

269

19.1

16.!

80.00

80.06

.00

17.20

27453

27505

.0

-52.9

.0

99.9

.0

999.9

277

278

11. 1

13.'

81.00

82.00

.00

.00

28077

28712

.0

.0

.0

.0

.0

.0

283

285

27..

32.'

28.:

24.

8 2.30

83.00

13.60

.00

29030

29344

-49.9

.0

99.9

.0

999.9

.0

285

285

84.00

85.00

.00

.00

29972

30599

.0

.0

.0

.0

.0

.0

281

279

36. 1

22. (

85.06 10.60 30662 -49.5 99.9 999.9 999 999. <

END OF AVAILABLE PRELIMINARY DATA



BUFFALO. 1NEW YORK 10- 7-1990 PRFLTMINARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 00 Z

ELAP TIME

(MIN/SEC)

PRESSURE

(MRS)

HEIGHT

(M-MSl 1

TEHP

(DEG C)

DP DEPR

(DEG C)

RH

X

WIND

nTRiDEG)

WIND

SPD(M/

.00 987. on 718 25.5 15.4 38.0 210 7.

.06

1.00

983.30

.00

251

528

25.1

.0

14.1

.0

41.4

.0

212

225

8.

18.

2.00

3.00

.00

.00

835

1143

.0

.0

.0

.0

.0

.0

234

243

22.

27.

4.00

4.12

.00

850.00

1450

1512

.0

16.8

.0

9.5

.0

53.3

254

256

28.

28.

4.48

5.00

833.80

.nn

1676

1732

16.3

.0

12.5

.0

43.5

.0

260

261

28.

28.

5.30

6.00

814.70

.00

1873

2007

14.8

.0

7.4

.0

61.0

.0

264

266

27.

27.

7.00

7.42

776.70

759. an

2276

2460

12.2

11.5

6.8

7.8

63.1

58.4

275

777

25.

23.

8.00

8.30

.00

740.70

2540

2673

.0

11.4

.0

16.3

.0

31.9

278

275

23.

21.

8.42

9.00

736.00

.00

2726

2804

11.2

.0

16.2

.0

32.1

.0

274

273

21.

20.

10.00

10.18

.00

700.D0

3065

3143

.0

8.8

.0

18.5

.0

26.1

269

269

18.

18.

11.00

12.00

.00

.00

3342

3676

.0

.0

.0

.0

.0

.0

269

266

18.

18.

13.00

13.54

.00

617.40

3910

4165

.0

-.1

.0

11.0

.0

43.5

269

275

16.

15.

14.00

15.00

.00

.00

4195

4492

.0

.0

.0

.0

.0

.0

276

278

15.

15.

16.00

16.48

.00

553.50

4790

5028

.0

-7.7

.0

5.6

.0

64.0

280

277

15.

17.

17.00

17.54

.00

529.20

5091

5376

.0

-9.8

.0

9.5

.0

46.2

276

276

17.

18.

18.00

18.54

.00

507.50

5408

5698

.0

-12.2

.0

10.0

.0

43.5

276

281

18.

19.

19.00

19.06

.00

503.70

5727

5755

.0

-12.4

.0

10.8

.0

40.5

281

281

19.

20.

19.18

19.42

500.00

491.70

5812

5940

-12.4

-12.6

15.0

15.5

27.5

26.3

281

280

20.

21.

20.00

21.00

.00

467.70

6028

6 32 0

.0

-15.3

.0

15.8

.0

24.6

280

281

22.

26.

21.42

22.00

456.30

.00

6506

6580

-16.1

.0

11.6

.0

36.3

.0

284

285

26.

26.

22.54

23.00

438.70

.00

6801

6825

-18.5

.0

13.9

.0

28.5

.0

285

285

26.

26.

23.42

24.00

427.50

.00

6993

7071

-19.2

.0

30.0

.0

20.0

.0

282

280

26.

26.

25.00

25.36

.00

400.00

7330

7486

.0

-21.5

.0

30.0

.0

20.0

275

275

24.

24.

26.00

27.00

.00

.00

7605

7903

.0

.0

.0

.0

.0

.0

275

275

24.

25.

28.00

28.18

.00

358.10

8202

8291

.0

-28.1

.0

15.6

.0

20.6

278

278

26.

26.

29.00

30.00

31.00

32.00

32.12

.00

.00

.00

.00

8514

8833

.0

.0

.0

.0

.0

.0

9152

9470

.0

.0

.0

.0

.0

.0

279

275

272

273

300.00

27.

26.

28.

32.

9534 -38.8 12.7 24.2 273 32.



BUFFALO, NEW YORK 10- 7- 1990 PRELIMINARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 00 Z

ELAP TIME

(MIN/SEC)

PRESSURE

(MBS1

HEIGHT

(M-MSL)

TEMP

(DEG Cl

DP DEPR

(DEG C)

RH

X

WIND

DIR(nFG)

WIND

spn(M/S)

32.42 293.10 9693 -40.0 12.6 24.1 274 30.4

33.00

34.00

.00

.00

9775

10049

.0

.0

.0

.0

.0

.0

274

269

29.3

27.3

35.00

36.00

.00

.nn

10322

10596

.0

.n

.0

.n

.0

.0

269

274

27.8

29.8

36.36

37.00

250.00

.00

10760

10878

-48.3

.0

99.9

.0

999.9

.0

274

274

31.4

32.4

38.00

39.00

.00

.00

11174

11469

.0

.0

.0

.0

.0

.0

274

276

32.4

30.9

40.00

40.06

.00

213.10

11764

11794

.0

-56.0

.0

99.9

.0

999.9

273

273

27.8

27.8

41.00

41.30

.00

200.00

12052

12196

.0

-57.7

.0

99.9

.0

999.9

270

273

28.3

30.4

42.00

43.00

.00

.00

12323

17578

.0

.0

.0

.0

.0

.0

275

275

32.4

36.0

43.54

44.00

181.50

.00

12807

12837

-58.6

.0

99.9

.0

999.9

.0

274

274

36.0

36.0

45.00

46.00

.00

.00

13138

13439

.0

.0

.0

.0

.0

.0

277

279

35.0

30.4

46.36

47.00

159.30

.00

13620

13744

-62.2

.0

99.9

.0

999.9

.0

280

281

26.2

23.1

47.48

48.00

150.00

.00

13991

14059

-63.1

.0

99.9

.0

999.9

.0

286

287

22.1

21.6

49.00

49.48

.00

134.30

14397

14667

.0

-65.7

.0

99.9

.0

999.9

289

286

21.1

20.6

50.00

51.00

.00

.00

14737

15086

.0

.0

.0

.0

.0

.0

285

274

20.6

20.6

51.36

52.00

121.20

.00

15295

15431

-62.9

.0

99.9

.0

999.9

.0

269

266

20.1

20.1

52.18

53.00

116.60

.00

15533

15769

-64.0

.0

99.9

.0

999.9

.0

264

258

19.5

19.0

53.06

54.00

111.60

.00

15803

16123

-61.8

.0

99.9

.0

999.9

.0

259

266

19.0

17.5

55.00

56.00

100.00

.00

16479

16841

-63.6

.0

99.9

.0

999.9

.0

275

286

16.5

15.4

56.18

57.00

92.6 0

88.80

16950

17205

-64.7

-66.2

99.9

99.9

999.9

999.9

287

288

14.9

13.4

57.24

57.42

86.90

85.50

17336

17436

-65.1

-62.9

99.9

99 .9

999.9

999.9

280

274

12.3

11.3

57.54

58.00

84.60

.00

17501

17532

-62.6

.0

99.9

.0

999.9

.0

270

268

10.8

10.8

58.30

58.54

82.10

80.20

17687

17835

-59.1

-5 8.2

99.9

99.9

999.9

999.9

264

259

9.8

9.3

59.00

60.00

.00

.00

17881

18338

.0

.0

.0

.0

.0

.0

258

244

8.7

7.2

60.12

60.48

72.90

70.00

18430

18682

-61.8

-62.1

99.9

99.9

999.9

999.9

248

259

8.2

11.3

61.00

62.00

.00

.00

18747

19071

.0

.0

.0

.0

.0

.0

262

274

11.8

15.9

62.48

63.00

64.00

65.00

63.00

.00

.00

.00

19330

19415

63.7

.0

99.9

dL

999.9

.0

19838

20262

.0

.0

.0

.0

.0

.0

278

279

272

249

10.3

8.2

9.3

5.7

5.765.06 53.80 20304 -61.7 99.9 999.9 236



BUFFALO. NEW YORK 10- 7-1990 PRFI TMTNARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (GMT) 00 Z

ELAP TIME

1HTN/SFC)

PRESSURE

(HRS1

HEIGHT

(M-HSL 1

TEMP

DEG Cl

DP DEPR

(PEG C)

RH

t

WIND

nTR(DFS)

WIND

spd(M/:

65.47 57. nn 70516 -59.2 99.9 .9-99.9

168

66.00

6624_

.00

50. nn

20621

20761

.0

58.9

.0

99.9

.0

999.9

135

170

3.i

67.00

68.00

.00

.00

20997

21390

.0

.0

.0

.D

. .0

.0

229

239

6.

7.

69.00

69.06

.00

42.20

21783

21822

.0

-60. 5

.0

99.9

.0

999.9

232

234

3.

3.

70.00

71.00

.00

.nn

22176

7?57n

.0

.0

.0

.0

.0

.0

249

250

8.

8.

71.12

77. nn

37.00

.nn

22649

77954

-56.6

.0

99.9

.0

999.9

.0

252

758

8.

7.

73.00

74.00

.00

.00

23335

23716

.0

.0

.0

.0

.0

.0

266

289

12.

9.

74.42

75.00

30.00

.on

23983

74113

-55.2

.n

99.9

.n

999.9

.0

291

292

11.

11.

76.00

76.4?

.00

76. 7n

24547

74851

.0

-53.4

.0

99.9

.0

999.9

292

?86

9.

5.

77.00

78. on

.00

nn

24982

25420

.0

.0

.0

.0

.0

.0

284

134

3.

2.

78.18

79. nn

23.50

.go

25551

7583?

-53.5

.n

99.9

.0

999.9

.0

165

231

3.

5.

79.30

80.00

21.80

.00

26032

26228

-55.5

.0

99.9

.0

999.9

.0

233

234

6.

6.

80.54

81.00

20.00

.00

26582

26625

-55.1

.0

99.9

.0

999.9

.0

255

257

10.

11.

82.00

83.00

.00

.00

27050

27475

.0

.0

.0

.0

.0

.0

262

267

17.

14.

83.42

84.00

16.60

.00

27772

27899

-55.3

.0

99.9

.0

999.9

.0

270

271

16.

17.

85.00

86.00

.00

.00

28321

28744

.0

.0

.0

.0

.0

.0

279

280

20.

21.

86.24

87.00

13.90

.00

28913

29182

-52.3

.0

99.9

.0

999.9

.0

281

282

23.

26.

87.36

88.00

12.80

.00

29451

29662

-48.1

.0

99.9

.0

999.9

.0

2 84

285

27.

28.

89.00

89.30

.00

11.00

30189

30453

.0

-47.2

.0

99.9

.0

999.9

2 82

999

28.

999.

END OF AVAILABLE PRELIMINARY DATA



BUFFALO. NEW YORK 10- 7-1990 PRF1 THINARY

RADIOSONDE/RAWINSONDE OBSERVATION WBAN NO. 14733 TIME (6MT) 12 Z

ELAP TIHE

(MIN/SFC)

PRESSURE

(MBS)

HEIGHT

(M-MSL )

TEMP

(DEG C)

DP DEPR

(DEG Cl

RH

X

WIND

DIR(DEG)

WIND

SPD(M/S)

.00 991.70 218 18.7 6.4 66.0 200 4.6

.12

.48

985.30

966.00

274

443

18.1

18.5

5.9

6.7

68.1

64.6

207

227

6.7

13.4

1.00

2.00

.00

.00

498

774

.0

.0

.0

.0

.0

.0

234

254

15.4

12.9

2.06

2.48

926.30

904.70

802

1004

16.2

17.3

5.9

9.3

67.8

54.1

255

264

12.9

11.8

3.00

3.42

.00

876.90

1063

1270

.0

16.0

.0

10.9

.0

48.3

267

266

11.3

10.8

3.54

4.00

870.80

.00

1329

1358

15.5

.0

8.4

.0

57.0

.0

265

265

10.8

10.8

4.36

5.00

850.00

.00

1534

1650

13.6

.0

6.8

.0

63.2

.0

260

257

10.3

10.3

6.00

6.18

00

801.30

1941

2028

.0

9.3

.0

1.4

.0

90.9

245

242

11.8

13.4

6.30

6.54

796.20

786.00

2081

7188

9.1

9.5

99.9

14.7

80.4

35.4

240

237

13.9

15.4

7.00

7.24

.00

772.70

2216

2329

.0

9.6

.0

16.9

.0

30.0

236

235

15.9

17.0

8.00

8.24

.00

746.00

2504

2621

.0

8.4

.0

17.5

.0

28.2

233

235

19.0

19.5

8.42

9.00

738.30

.00

2706

2794

9.1

.0

19.3

.0

24.6

.0

237

239

20.1

20.6

10.00

10.12

.00

700.00

3087

3146

.0

7.2

.0

19.6

.0

23.5

248

249

21.1

21.1

11.00

12.00

.00

658.10

3370

3651

.0

4.6

.0

20.7

.0

20.7

255

255

20.1

20.6

13.00

14.00

.00

.00

3941

4731

.0

.0

.0

.0

.0

.0

253

252

21.6

22.1

14.12

15.00

608.10

.00

4289

4 54 1

.1

.0

18.8

.0

23.0

.0

252

253

21.6

20.1

16.00

17.00

.00

.00

4857

5172

.0

.0

.0

.0

.0

.0

255

254

18.0

18.5

17.48

18.00

526.70

.00

5424

5491

-7.6

.0

17.8

.0

22.6

.0

254

254

18.5

18.5

19.00

20.00

500.00

.00

5826

6121

-11.0

.0

14.4

.0

29.6

.0

254

254

18.0

19.5

21.00

21.24

.00

455.40

6417

6535

.0

-17.7

.0

10.2

.0

40.8

255

257

21.6

21.6

21.54

22.00

22.24

23.00

24.00

24.24

25.00

25.06

26.00

27.00

27.54

28.00

29.00

29.30

29.42

446.20

.00

437.10

.00

.00

400.00

.00

386.90

.00

.00

338.90

.00

.00

313.40

310.40

6687

6718

-18.9

.0

6.0

.0

58.9

.0

6841

7036

-20.3

.0

4.7

.0

66.1

.0

7 361

7491

.0

-25.6

.0

2.8

.0

77.5

7698

7732

.0

-27.7

.0

1.8

.0

84.3

8034

8370

.0

.0

.0

.0

.0

.0

8672

8706

-34.1

.0

2.9

.0

74.9

.0

9045

9214

.0

-38.9

.0

3.6

.0

67.9

9280 -39.1 4.0 65.3

259

259

260

261

260

260

260

260

264

265

261

259

261

262

21.6

21.6

22.6

24.2

26.2

25.2

24.2

24.2

23.1

23.7

23.1

23.1

23.1

25.2

25.7



Therm Object Parameters

October 1992

Optimum and Generic Object Parameters

Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Aluminum 2.700 .2198 2064 0.0 .15 .10 -1.0 0 45 60

Asphalt 2.114 .2200 5.93 2.4 .93 .93 .40 2.2 0 0

Brick 0.768 .2098 8.17 5.0 .79 .93 -.34 0 45 60

Car Side 7.833 .1111 464.4 .21 .74 .44 1.0 1.45 90 90

Car Roof 7.833 .1111 464.4 .13 .74 .44 .53 0 0 0

Concrete 1.600 .1600 15.48 1.13 .90 .99 -.44 0 42.5 60

Grass 0.160 1.000 0.0 0.0 1.0 .98 .08 1.1 85 180

Gravel 1.000 .3400 17.2 .60 .90 .90 -.375 0 32 60

Sand 1.520 .1911 2.84 1.3 .76 .90 .39 0 0 0

Tire 1.198 .2986 1.3 .15 .93 .90 -.82 0 90 90

Water 1.000 1.000 11.0 14.0 .07 1.0 -.46 0 0 0

Window 1.000 .5200 12.04 .31 .61 .61 [ -95 .80 67 90

Windshield 1.000 .5200 12.04 .11 .61 .61 .52 0 17 180

Wood 0.400 .6689 1.1 2.15 .78 .90 .27 0 32 60

Fie Id Op
tin-

lized Values

Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Aluminum 2.700 .2198
2064 0.50 .74 .90 -.40 0 45 60

Asphalt 2.114 .2200 5.93 3.0 .93 .93 -.50 0 0 0

Brick 0.768 .2098 8.17 5.0 .75 .93 -.40 0 45 60

Car Side 7.833 .1111 464.4 0.5 .74 .44 .30 0 90 90

Car Roof 7.833 .1111
464.4 0.5 .74 .44 .50 0 0 0

Concrete 1.600 .1600 15.48 3.0 .90 .99 -.40 0 42.5 60

Grass 1.000 1.000 0.0 0.2 .91 .88 .16 -3.5 85 180

Gravel 1.700 .2000 17.20 3.0 .90 .90 -.40 0 32 60

Sand 1.510 .1900
2.67 5.0 .60 .90 -.40 0 0 0

Tire 1.198 .2986 1.30 2.0 .95 .99 -.30 0 90 90

Water 1.000 1.000 5.13 30.0 .50 .96 -.40 0 0 0

Window 2.600 .2000
12.04 2.0 .18 .79 .25 0 70 90

Windshield 2.600 .2000
12.04 2.0 .18 .79 .40 0 32 180

Wood 0.400 .6689 1.10 2.0 .78 .90 -.40 0 32 60

Generic ("Textbook")
^/alues



Tune 1992

Optimum and Generic Object Parameters

Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Asphalt 2.114 .22 5.93 2.4 .93 .93 .40 2.2 0 0

BlueWood .60 .67 .86 2.4 .60 .78 -.77 0 69 90

Bumper 7.833 .1111 464.4 .12 .88 .44 .69 0 90 90

Car Roof 7.833 .1111 464.4 .09 .88 .44 .53 0 0 0

Car Side 7.833 .1111 464.4 .01 .88 .44 1.0 1.8 90 90

Concrete 2.28 .1601 15.48 4.5 .73 .94 .39 0 0 0

Front Black .60 .67 .86 2.4 .90 .78 -.77 0 90 90

FrontWhite .60 .67 .86 2.4 .20 .78 -.77 0 90 90

Green Wood .60 .67 .86 2.4 .55 .78 -.77 0 69 90

Grey 1 .60 .67 .86 2.4 .50 .78 -.77 0 69 90

Grey 2 .60 .67 .86 2.4 .60 .78 -.77 0 69 90

Grey 3 .60 .67 .86 2.4 .70 .78 -.77 0 69 90

Grey 4 .60 .67 .86 2.4 .80 .78 -.77 0 69 90

Grey 5 .60 .67 .86 6.0 .72 .87 -.55 0 69 90

Red .60 .67 .86 2.4 .65 .78 -.77 0 69 90

Sand 1.52 .1911 2.84 1.3 .76 .90 .39 0 0 0

Windshield 1.0 .52 12.04 .11 .61 .61
\ 51 0 17 180

Shingles 1.3 .35 6.36 .05 .74 .91 -.66 0 29 90

Specular .60 .67 .86 3.0 .72 .87 -.45 0 0 0

Tire 1.198 .2986 1.3 .15 .93 .90 -.82 0 90 90

Water 1.0 1.0 11.0 47.0 .09 000 -.57 0 0 0

Window 1.0 .52 12.04 .31 .61 .61 .95 .80 67 90

FieId Optirruzed Values

Name Density Specific

Heat

Thermal

Conduct

Thick

ness

Visible

Emiss.

Thermal

Emiss.

Exposed

Area

Self.

Power

Slope Azi

muth

Asphalt . 2.114 .22 5.93 3.0 .93 .93 -.50 0 0 0

Blue Wood .40 .6689 1.10 1.0 .60 .90 -.40 0 69 90

Bumper 7.833 .1111 464.4 10 .94 .90 .40 0 90 90

Car Roof 7.833 .1111 464.4 .25 .60 .90 .50 0 0 0

Car Side 7.833 .1111 464.4 .25 .60 .90 30 0 90 90

Concrete 1.600 .1600 15.48 5.0 .60 .88 -.40 0 0 0

Front Black .40 .6689 1.10 1.0 .94 .90 -.30 0 90 90

FrontWhite .40 .6689 1.10 1.0 .16 .90 -30 0 90 90

GreenWood .40 .6689 1.10 1.0 5 .90 -.40 0 69 90

Grey 1 .40 .6689 1.10 1.0 30 .90 -.40 0 69 90

Grey 2 .40 .6689 1.10 1.0 .50 .90 -.40 0 69 90

Grey 3 .40 .6689 1.10 1.0 .75 .90 -.40 0 69 90

Grey 4 .40 .6689 1.10 1.0 .90 .90 -.40 0 69 90

Grey 5 .40 .6689 1.10 1.0 .70 .90 -.40 0 69 90

Red .40 .6689 1.10 1.0 .65 .90 -.40 0 69 90

Sand 1.51 .19 2.67 2.5 .60 .90 -.40 0 0 0

Windshield 2.6 .20 12.04 2.0 .18 .79 .40 0 27 180

Shingles 1.3 .35

4
6.36 .30 .86 .91 -.40 0 29 90

Specular .40 .6689 1.10 1.0 .50 .90 -30 0 0 0

-Tire 1.198 .2986 1.3 2.0 .95 .99 -30 0 90 90

Water 1.0 1.0 5.13 30.0 .50 .96 -.40 0 0 0

Window 2.6 .20 12.04 2.0 .18 .79 .25 0 67 90

Textbook ("G(jneric")
>/alues

June 1992 Object Parameters



Provided bv DCS Corporation

1.600 .1600 0.0 12.0 .60 .88 .55 -3.5 0. 0. 'Concrete -

Smooth'

1.600 .1600 0.0 12.0 .90 .99 .70 -0.3 0. 0. 'Concrete -

Roadway'

1.300 .2000 0.0 12.0 .93 .97 .70 -0,. 8 0. 0. Asphalt -
Dry1

2.000 .2000 0.0 12.0 .86 .93 .80 -2.0 0. c. 'Macadam -

Roadway1

.130 .5000 0.0 12.0 .25 .82 .38 -5.2 0. 0. 'Snow -
Fresh'

.160 .5000 0.0 12.0 .95 .89 .72 -10.0 0. 0. 'Snow -

Dry,
w/Crust'

.900 .4900 0.0 12.0 .80 .99 .65 -10.0 0. 0. 'Ice -
Thick'

1.030 .9400 0.0 12.0 .79 .96 .65 -10.0 0. 0. 'Marsh -
Salty'

1.000 1.000 0.0 12.0 .96 .96 .73 -10.0 0. 0. 'Stream -

w/Weeds, Sedge

1.000 1.000 0.0 12.0 .90 .96 .70 -10.0 0. 0. 'River -
Muddy'

1.000 1.000 0.0 12.0 .89 .96 .70 -10.0 0. 0. 'Pond -
Clear'

2.700 .2200 0.0 .16 .20 .88 .15 -3.5 0. 0. 'Aluminum Siding,
White'

.600 .6700 0.0 5.0 .16 .95 .15 -1.4 0. 0. 'Wall -

Wood, Wht
Paint'

.600 .6700 0.0 5.0 .72 .78 .20 -6.4 0. 0. 'Wall -

Wood,
Unpainted'

1.600 .1600 0.0 10.0 .16 .94 .15 -1.7 0. 0. 'Wall -

Concrete, Wht Pt

1.750 .2300 0.0 10.0 .83 .93 .25 -2.0 0. 0. 'Wall - Red
Brick'

1.800 .2300 0.0 10.0 .70 .84 .20 -4.5 0. 0. 'Wall -
Masonry'

2.300 .2200 0.0 10.0 .80 .93 .25 -2.0 0. 0. 'Wall -
Stonework'

7.350 .1000 0.0 .15 .26 .49 .38 -14.2 0. 0. 'Roof - Galv. Metal, New

1.300 .2000 0.0 .65 .89 .88 .70 -3.5 0. 0. 'Roof -

Heavy Felt w/Tar

1.300 .2000 0.0 .65 .86 .91 .68 -2.6 0. 0. 'Roof - Asphalt Shingles

.320 .2000 0.0 2.5 .81 .98 .66 -0.6 0. 0. 'Roof - Old
Straw'

.750 .6000 0.0 1.27 .72 .82 .61 -5.2 0. 0. 'Roof - Oak
Shingles'

1.000 .2300 0.0 4.35 .75 .82 .63 -5.2 0. 0. Roof - Red
Clay'

.600 .6700 0.0 5.0 .20 .88 .15 -3.5 0. 0. 'Door - Wht Alum on Wood

.600 .6700 0.0 5.0 .16 .95 .15 -1.4 0. 0. 'Door -

Wood, Wht
Paint'

.600 .6700 0.0 5.0 .72 .78 .20 -6.4 0. 0. 'Door -

Wood,
Unpainted'

2.600 .2000 0.0 .65 .18 .79 .15 -6.1 0. 0. 'Window,'

7.500 .1100 0.0 .12 .91 .25 .25 -24.5 0. a. 'Fence - Chain Link, New

.600 .6700 0.0 3.5 .85 .90 .25 -2.9 0. 0. 'Fence - Wooden'

.600 .6700 0.0 7.7 .85 .90 .25 -2.9 0. 0. 'Telephone Pole - Pine'

2.000 .1600 0.0 12.0 .90 .99 .70 -0.3 0. 0. 'Bridge Base - Concrete'

1.300 .2000 0.0 12.0 .93 .97 .72 -0.8 0. 0. 'Bridge Base - Asphalt'

7.500 .1100 0.0 .3 .91 .25 .25 -24.5 0. 0. 'Bridge Side -

Steel, New

7.350 .1100 0.0 1.36 .26 .49 .20 -14.2 0. 0. 'Bridge Side - Glv Metal

.800 .5700 0.0 7.7 .75 .90 .20 -2.9 0. 0. 'Bridge Side - Dark
Oak'

7.350 .1100 0.0 .15 .26 .49 .38 -14.2 0. 0. 'Silo Top
- Galv. Metal'

2.700 .2200 0.0 .17 .20 .88 .35 -3.5 0. 0. 'Silo Top
-

Alum., White

7.350 .1100 0.0 .15 .26 .49 .20 -14.2 0. 0. Silo Side - Galv. Metal

2.700 .2200 0.0 .17 .20 .88 .15 -3.5 0. 0. 'Silo Side -

Alum, White

7.500 .1100 0.0 .6 .91 .25 .25 -24.5 0. 0. 'Firetwr - Steel Lattice

.600 .6700 0.0 3.5 .72 .85 .20 -4.4 0. 0. 'Firetwr - Rough Pine Lt

.800 .5700 0.0 3.5 .75 .90 .20 -2.9 0. 0. 'Firetwr - Dark Oak Latt

7.350 .1100 0.0 1.36 .26 .49 .38 -14.2 0. 0. 'Trns Base Top
- Glv Mtl

2.700 .2200 0.0 .34 .96 .88 .73 -3.5 0. 0. 'Trns Base Top
- Alm,Blk

7.350 .1100 0.0 1.36 .26 .49 .20 -14.2 0. 0. 'Trns Base Side - Gl Mtl

2.700 .2200 0.0 .34 .96 .88 .25 -3.5 0. 0. 'Trns Base Side -

Al,Blk

7.500 .1100 0.0 .42 .91 .25 .25 -24.5 0. 0. Trns Base Latt - Steel'

7.350 .1100 0.0 1.86 .26 .49 .20 -14.2 0. 0. 'Trns Base Latt - Gl Mtl

.600 .6700 0.0 3.5 .72 .85 .20 -4.4 0. 0. 'Trns Suprt - Rough Pine

.800 .5700 0.0 3.5 .75 .90 .20 -2.9 0. 0. 'Trns Suprt - Dark Oak'

Density SpHt ThmCond Thick EmV EmTh XpA dPw Slop Azmh Name

Column # Variable

1 Density
2 Specific Heat

3 Thermal Conductivity
4 Thickness

5 Visible Emissivity
6 Thermal Emissivity
7 Exposed Area

8 Self-Generated Power

9 Slope

10 Azimuth

11 Name



1.700

2.032

2.032

1.000

1.750

.770

1.000

1.000

1.030

1.030

.920

.918

.130

.160

.160

.600

.800

.600

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

2.600

2.600

2.500

2.500

1.500

2.000

"L5QQ

.2000

.2198

.2198

.2000

.2000

.2000

1.000

1.000

.9600

.9400

.4900

.5017

.5000

.5017

.5000

.6700

.5700

.6700

1.400

1.400

1.350

1.400

1.500

1.700

1.000

fTUUTJ

1.750

1.500

2.000

i.600

,000

.000

,000

,000

,000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

.2000

.2000

.2200

.2200

.2000

.2000

^2000

.2000

.2000

.2000

.2000

.2000

.2000

.2000

TZOOU

.2000

.2000

.2000

.1600

32

,30

,30

,88

.32

61.06

5.13

5.00

4.90

4.90

19.35

19.44

1.38

.60

1.55

.86

.86

.86

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
-O-.-0--

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

16.7

1.0

1.0

16.7

16.7

16.7

1.0

16.6

16.6

16.7

16.7

1.0
16.7'

1.0

16.7

13.6

13.6

9,6

1.6

1.

1.

1.

1.

1.

1.

1.

1.

1.

1.

,89 .94

,75 .94

,7

6

.6

.9

,6

,6

,6

,6

,8

,0

0.8

0.6

0.6

,0

,3

2

,4

,4

4

,5

1,

0.

0.

0.

0.

0.

0.

0.2

0.2

0.2

0.3

11.2

5.6

11.2

5.6

12.0

12.0

12.0

-12v0

12.0

12.0

12.0

12.0

12.0

12.0

12 .0

12.0

12.0

12.0

12.0

.39

,69

,50

,79

,80

,50

,25

.28

,95

,88

82

97

90

90

,91

,67

,85

,88

,95

,88

,80

,88

,55

,55

,45

,45

,60

,73

,92

,73

,91

,80

,89

,86

,80

,90

,70

94

95

,86 .98

,38 .93

,50 .96

,50 .96

96

,96

,99

.98

,82

,82

,89

,99 .97

.95 .96

,85 .90

,99 .96

,90

,90

,90

.92

,92

99 .96

90 .96

.88

,98

94

,85 .96

,85 .97

,85 .96

,80 .95

94

,96

,99 .97

,99 .96

,95

,95

,94

95 .96

99 .96

,90 .96

,91 .88

,67 .98

89

89

95

95

,60 .90

,70 .95

90

95

93

90

95

94

94

,96 .97

, 69 . 95

,98

,90

90

95

5

,5

,5

,5

,5

,5

.5

.5

.5

.5

.5

.5

.5

.5

.5

.5

.5

.5

.13

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

-1.

,15 -2.

,12 -2,

,14 -2,

,17 -2,

,13 -2

,13 -1.

.17 -1,

,17 -3,

,17 -0,

,17 -1,

,25 -1,

,40 -0,

,11 -1.

,15 -1,

,15 -1,

.15 -1,

,15 -0,

,13 -1,

,15 -1,

,12 -1,

,14 -1,

,17 -1.

.13 -1

.16 -1

.16 -3

.14 -0

.53 -3

.53 -3

.48 -1

.48 -1

.55 -2

.60 -1

.45 -2

.58 -1

,71 -2

.58 -2

,70 -1

,65 -1

,70 -1

,73 -0

,60 -1

,68 -0

,64 -2.

,70 -2,

,60 -1.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

8 0.

2 0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0 0,

9 0.

0,

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

Soil - Sandy,
Wet'

Soil - Black,
Plowed'

Soil -
Clay'

Soil -

Clay,
Dry'

Soil -

Clay,
Wet'

Salt
Pan'

Water -

Deep, Norm
Inc'

Fresh
Water'

Salt
Water'

Marsh / Swamp /
Paddy'

Ice'

Ice -
Rough'

Snow -
Fluffy'

Snow - Fine
Particles'

Snow -
Packed'

Tree Trunks -
Evergreen'

Tree Trunks -
Deciduous'

Telephone Pole -
Wood'

Forest -

Coniferous,
Sum'

Forest -

Deciduous,
Sum'

Tree -

Birch,
Summer'

Tree -

Elm,
Summer'

Tree -

Oak,
Summer'

Tree - Silver Maple,
Avg'

Tree -

Pine,
Summer'

Bush,
Summer'

Dry Grass, Summer
'

Grass after Rain,
Summer'

Corn'

Cotton'

Tobacco
'

Wheat'

Tree Trunk -

Birch,
Avg'

Tree Trunk -

Elm,
Avg'

Tree Trunk -

Oak,
Avg'

Tree Trunk -

Pine,
Avg'

Forest -

Coniferous,
Win'

Forest -

Deciduous,
Win'

Tree -

Birch,
Winter'

Tree -

Elm,
Winter'

Tree -

Oak,
Winter'

Tree -

Pine,
Winter'

Bush,
Winter'

Dry Grass,
Winter'

Grass after Rain,
Winter'

Rough Granite (lm dia.)'

Rough Granite ( . 5m dia)
'

Limestone (lm dia.)
'

Limestone (.5m dia.)'

Sand -

Dry,
Flat'

Sand -

Wet,
Flat'

Sand -

White,
Powdered'

Dirt - Light'

Dirt - Dark'

Dirt - Dry'

Dirt - Wet'

Loam -

Sandy, Fine,
Dry'

Loam -

Sandy, Fine,
Wet'

Loam

Clay

Clay
Gravel

Dark,
Clayey'

Dry'

Wet'

Dry'

Gravel - Wet'

Concrete -

Rough,
Dry'



7.500 .1100 559.00 .3 v.44 .5 0. 0. 0. 'Steel -
Dull1

7.833 .1111 464.40 .3 .74 .12 .5 0. 0. 0. 'Carbon Steel -

Nominal'

7.833 .1111 464.40 .3 .54 .10 .5 0. 0. 0. 'Carbon Steel -

Cleaned'

7.833 .1111 464.40 .3 .41 .07 .5 0. 0. 0. 'Carbon Steel -

Polished'

7.833 .1111 464.40 .3 .74 .80 .5 0. 0. 0. 'Carbon Steel
-

Oxidized'

7.833 .1111 464.40 .3 .74 .90 .5 0. 0. 0. 'Carbon Steel -

ForstGrn'

7.833 .1111 464.40 .3 .54 .90 .5 0. 0. 0. 'Carbon Steel -
Sand'

7.833 .1111 464.40 .3 .64 .90 .5 0. 0. 0. 'Carbon Steel -

OlivDrab'

7.833 .1111 464.40 .3 .94 .90 .5 0. 0. 0. 'Carbon Steel -
Black'

7.833 .1111 464.40 .3 .95 .95 .5 0. 0. 0. 'Steel Grills - CavtyEff

2.390 .2200 1754.40 1.0 .63 .19 .5 0. 0. 0. 'Aluminum -
Dull'

2.700 .2198 2064.00 1.0 .49 .216 .5 0. 0. 0. 'Aluminum -
Galvanized'

2.390 .2198 1754.40 1.0 .10 .04 .5 0. 0. 0. 'Aluminum -
Polished'

2.700 .2198 2064.00 1.0 .74 .90 .5 0. 0. 0. 'Aluminum -
Green'

7.960 .0900 3448.60 1.0 .60 .73 .5 0. 0. 0. 'Copper -
Dull'

8.960 .0910 3440.00 1.0 .64 .60 .5 0. 0. 0. 'Copper -
Tarnished'

7.960 .0900 3448.60 1.0 .27 .05 .5 0. 0. 0. 'Copper -
Polished'

7.300 .0526 576.20 1.0 .39 .08 .5 0. 0. 0. 'Tin - Commercial'

8.858 .0898 684.60 1.0 .34 .09 .5 0. 0. 0. 'Bronze -
Oxidized'

8.409 .0898 1008.80 1.0 .50 .61 .5 0. 0. 0. 'Brass -
Oxidized'

.600 .6700 .86 2.4 .72 .85 .5 0. 0. 0. 'Wood -

Thick,
Rough'

.600 .6700 .86 2.4 .72 .78 .5 0. 0. 0. 'Wood -

Thick,
Smooth'

.400 .6689 1.10 1.0 .78 .90 .5 0. 0. 0. 'Wood -
Unpainted'

.400 .6689 1.10 1.0 .74 .90 .5 0. 0. 0. 'Wood - Green
Paint'

.030 .3106 .51 .3 .80 .90 .5 0. 0. 0. 'Canvas - Dark'

.030 .3106 .51 .1 .80 .90 .5 0. 0. 0. 'Camo Nets -
Average'

1.160 .3799 2.15 .1 .13 .77 .5 0. 0. 0. 'Nylon
Cloth'

1.190 .4491 1.38 .3 .73 .92 .5 0. 0. 0. 'Rubber -
Hard'

1.198 .2986 1.30 .3 .95 .99 .5 0. 0. 0. 'Rubber - Tire'

2.600 .2000 12.04 .5 .18 .79 .5 0. 0. 0. 'Glass - Thick'

2.707 .1911 6.54 .3 .05 .95 .5 0. 0. 0. 'Glass
Window*

1.400 .0400 64.50 1.0 .07 .72 .5 0. 0. 0. 'Plastic - Thick
Sheet'

1.400 .0400 64.50 .005 .28 .72 .5 0. 0. 0. 'Plastic
Film'

1.400 .2389 1.29 .3 .25 .95 .5 0. 0. 0. 'Plastic - White PVC

1.400 .2389 1.29 .3 .90 .95 .5 0. 0. 0. 'Plastic - Dark PVC

2.600 .1887 29.24 1.0 .55 .45 .5 0. 0. 0. '
Granite

'

2.600 .2000 17.20 .5 .55 .89 .5 0. 0. 0. 'Granite -
Thin'

2.600 .2000 17.20 16.7
'

.55 :89 .5 0. 0. 0. 'Stone -

Rough,
Weathered'

2.590 .2100 22.27 16.7 .80 .90 .5 0. 0. 0. 'Stone - Smooth'

2.500 .2102 15.48 1.0 .46 .95 .5 0. u. u. 'Marble - White
:

2.700 .3100 12.81 .4 .70 .90 .5 0. 0. 0. Slate (1)'

2.800 .1801 16.06 .3 .88 .75 .5 0. 0. 0. 'Slate
(2)'

.768 .2098 8.17 .5 .75 .93 .5 0. 0. 0. 'Brick -

Red,
Rough'

.800 .2501 3.44 .3 .50 .93 .5 0. 0. 0. 'Masonry'

.800 .2602 6.02 .3 .78 .85 .5 0. 0. 0. 'Gypsum Board'

1.400 .0400 64.50 .05 .10 .72 .5 0. 0. 0. 'Vinyl Siding'

1.000 .2300 9.46 .4 .75 .82 .5 0. 0. 0. Clay
Tile'

.750 .6000 .86 .4 .72 .82 .5 0. 0. 0. 'Shingles - Wood'

1.300 .3500 6.36 .2 .86 .91 .5 0. 0. 0. 'Shingles - Asphalt'

2.400 .2500 1.46 16.7 .50 .10 .5 0. 0. 0. 'Asbestos'

2.280 .1601 15.48 1.0 .73 .94 .5 0. 0. 0. 'Concrete - Rough'

2.280 .1601 15.48 .3 .25 .92 .5 0. 0. 0. 'Concrete - White Paint'

2.110 .2200 6.36 16.7 .86 .98 .5 0. 0. 0. 'Asphalt (1)

2.114 .2200 5.93 1.0 .93 .93 .5 0. 0. 0. 'Asphalt (2)

2.800 .2000 7.22 16.7 .96 .90 .5 0. 0. 0. '
Lava

'

2.800 .2000 2.58 16.7 .96 .90 .5 0. 0. 0. 'Basalt'

1.500 .2000 17.20 16.7 .80 .90 .5 0. 0. 0. Gravel (1)'

1.650 .1887 7.00 1.0 .29 .28 .5 0. 0. 0. 'Gravel (2)'

1.700 .2000 17.20 16.7 .90 .90 .5 0. 0. 0. 'Pebbles'

2.600 .2000 17.20 1.7 .55 .89 .5 0. 0. 0. '
Rocks

'

2.500 .2200 15.48 83.3 \.45

.76

.95 .5 0. 0. 0. '
Boulders

'

1.520 .1911 2.84 1.0 .90 .5 0. 0. 0. 'Sand - Dry'

1.510 .1900 2.67 16.7 .60 .90 .5 0. 0. 0. 'Desert Sand'

X.500 .2000 2.88 16.7 .80 .94 .5 0. 0. 0. 'Soil -

Sandy,
Dry'



2.114 .2200 5.93 3.0 .93 .93 .70 0. 0. 0. 'Paved
Road'

2.110 .2200 6.36 3.0 .86 .98 .70 0. 0. 0. Road
2'

2.110 .2200 6.36 3.0 .86 .98 .70 0. 0. 0. Asphalt (1)
'

2.114 .2200 5.93 3.0 .93 .93 .70 0. 0. 0. 'Asphalt (2)

1.300 .2000 5.93 3.0 .93 .97 .70 0. 0. 0. 'Asphalt -
Dry'

2.000 .2000 6.36 3.0 .86 .93 .70 0. 0. 0. 'Macadam -
Roadway'

1.500 .2000 4.62 3.0 .80 .94 .80 0. 0. 0. Dirt
Road'

1.500 .2000 17.20 3.0 .80 .90 .70 0. 0. 0. Gravel (1)
'

1.500 .2000 2.88 3.0 .80 .94 .70 0. 0. 0. 'Soil -

Sandy,
Dry'

1.700 .2000 4.32 3.0 .89 .94 .70 0. 0. 0. Soil -

Sandy,
Wet'

2.032 .2198 4.30 3.0 .75 .94 .70 0. 0. 0. 'Soil -

Black,
Plowed'

1.000 .2000 2.88 3.0 .69 .95 .70 0. 0. 0. 'Soil -

Clay,
Dry'

1.750 .2000 4.32 3.0 .86 .98 .70 0. 0. 0. 'Soil -

Clay,
Wet'

1.000 1.000 0.0 0.0 .99 .96 .50 -4. 5 0. 180. 'Forest -

Coniferous,
Sum'

1.000 1.000 0.0 0.0 .88 .90 .50 -4. 5 0. 180. 'Forest -

Deciduous,
Sum'

1.000 1.000 0.0 0.0 .91 .88 .50 -4. 5 85. 180.
'Grass'

1.000 1.000 0.0 0.0 .91 .88 .50 -4. 5 85. 180. 'Dry Grass,
Summer'

1.000 1.000 0.0 0.0 .67 .98 .50 -1. 6 85. 180. 'Grass after Rain,
Summer'
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Table 3. Suggested Object Parameters for Metals

Density

2.390 ,

2.700 .

2.390 .

2.700 ,

2.700 ,

2.700 ,

SpHt

2200

2198

2198

2200

2198

2200

7.960 .0900

7.960 .0900

8.960 .0910

8.409 .0898

8.858 .0898

7.350 .1100

7.500 .1100

7.500 .1100

7.833 .1111

7.833 .1111

7.833 .1111

7.833 .1111

7.833 .1111

7.833 .1111

7.833 .1111

7.833 .1111

7.833

7.300

ThmCond

1754.40

2064.00

1754.40

2064.00

2064.00

2064 . 00

3448.60

3448.60

3440.00

1008.80

684.60

5.59.00

559.00

559.00

464.40

464.40

464.40

464.40

464.40

464.40

464.40

_
464.40

Thick

1

0526

464.40

576.20

EmV EraTh XpA dPw

.63 .19 .5 0.

.49 .216 .5 0.

.10 .04 .5 0.

.96 .88 .5 0.

.74 .90 .5 0.

.20
-JB8L_

^3 -JO..

.60 .73 .5 0.

.27 .05 .5 0.

.64 .60 .5 0.

.50 .61 .5 0.

.34 .09 .5 0.

.26 .49 .5 0.

.74 .44 .5 0.

.91 .25 .5 0.

.74 .12 .5 0.

.54 .10 .5 0.

.74 .80 .5 0.

.41 .07 .5 0.

.54 .90 .5 0.

.64 .90 .5 0.

.74 .90 .5 0.

.94 .90 .5 0.

.95 .95 .5 0.

.39 .08 .5 0.

Azmh Name

'Aluminum

'Aluminum

'Aluminum

'Aluminum

'Aluminum

'Aluminum

Dull'

Galvanized'

Polished'

Black'

Green'

White'

'Copper -

DulP"

'

'Copper -
Polished'

'Copper -
Tarnished'

'Brass -
Oxidized'

'Bronze -
Oxidized'

'Galvanized Metal -
New'

Steel -
Dull'

'Steel -
New'

'Carbon Steel

'Carbon Steel

'Carbon Steel

'Carbon Steel

'Carbon Steel

'Carbon Steel

'Carbon Steel

'Carbon Steel

'Steel Grills - CavtyEff

'Tin -
Commercial'

Nominal
'

Cleaned'

Oxidized'

Polished'

Sand'

OlivDrab1

ForstGrn*

Black'
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Table 4. Suggested Object Parameters for Building Materials

Density SpHt ThmCond Thick EmV EmTh XpA dPw Slop Azmh Name

2.400 .2500 1.46 -

.50 .10 -.5 0. - - 'Asbestos
'

.768 .2098 8.17 -

.75 .93 -.5 0. - - 'Brick - Red,
Rough'

.030 .3106 .51
-

.80 .90 .35 0. - - 'Camo Net -
Average'

1.400 .0400 64.50 .005 .80 .72 .35 0. - - 'Carao Net -
Radar'

.030 .3106 .51

-

.80 .90 .5 0. - - 'Canvas -
Dark'

1.000 .2300 9.46 .5 .75 .82 -.5 0. - -

Clay
Tile'

.600 .6700

- -

.20 .88 -.5 0. 90. - 'Door - Wht Alum on
Wood'

.600 .6700 .86
-

.16 .95 -.5 0. 90. - 'Door - Wood, Wht
Paint'

.600 .6700 .86

-

.72 .78 -.5 0. 90. - 'Door - Wood,
Unpainted'

7.500 .1100 559.00 -

.91 .25 .5 0. - - 'Fence - Chain Link,
New'

.600 .6700 .86

-

.85 .90 -.5 0. 90. - 'Fence -
Wooden'

2.600 .2000 12.04 -

.18 .79 .5 0. - -
'Glass'

2.600 .2000 12.04 .15 .18 .79 .5 0. 90. - 'Glass Window (1)
'

2.707 .1911 6.54 .15 .05 .95 .5 0. 90. - 'Glass Window
(2)'

2.600 .1887 29.24 -

.55 .45 -.5 0. - -
'Granite'

2.600 .2000 17.20 -

.55 .89 -.5 0. - - 'Granite -
Thin'

.800 .2602 6.02 -

.78 .85 -.5 0. - - 'Gypsum
Board'

2.500 .2102 15.48 -

.46 .95 -.5 0. - - 'Marble -
White'

.800 .2501 3.44 -

.50 .93 -.5 0. - -
'Masonry'

1.160 .3799 2.15 -

.13 .77 .5 0. - - 'Nylon
Cloth'

1.400 .0400 64.50 -

.07 .72 .5 0. - - 'Plastic
Sheet'

1.400 .0400 64.50 .005 .28 .72 .5 0. - - 'Plastic
Film'

1.400 .2389 1.29 -

.25 .95 .5 0. - - 'Plastic - White PVC

1.400 .2389 1.29 -

.90 .95 .5 0. - - 'Plastic - Dark PVC

1.300 .3500 6.36 -

.86 .91 -.5 0. - - 'Roof - Asphalt Shingles'

1.000 .2300 9.46 .5 .75 .82 -.5 0. - - Roof - Red Clay'

1.300 .2000

- -

.89 .88 -.5 0. - - 'Roof -

Heavy Felt
w/Tar'

7.350 .1000 559.00 -

.26 .49 -.5 0. - - Roof - Galv. Metal,
New'

.750 .6000 .86

-

.72 .82 -.5 0. - - 'Roof - Oak Shingles'

.320 .2000

- -

.81 .98 -.5 0. - - Roof - Old Straw'

1.190 .4491 1.38 -

.73 .92 -.5 0. - - 'Rubber -
Hard'

1.198 .2986 1.30 -

.95 .99 -.5 0. - - 'Rubber -
Tire'

2.700 .2200 2064.00 .05 .20 .88 .5 0. 90. -

'Siding
- Aluminum,

Wht'

1.400 .0400 64.50 .05 .10 .72 .5 0. 90. -

'Siding
-
Vinyl'

2.700 .3100 12.81 -

.70 .90 -.5 0. - - Slate
(1)'

2.800 .1801 16.06 -

.88 .75 -.5 0. - - 'Slate
(2)'

2.600 .2000 17.20 -

.55 .89 -.5 0. - - 'Stone -

Rough,Weathered
'

2.590 .2100 22.27 -

.80 .90 -.5 0. - - 'Stone -
Smooth'

1.750 .2300 3.87 -

.83 .93 -.5 0. 90. - 'Wall -

Brick,
Red'

1.600 .1600 15.48 -

.16 .94 -.5 0. 90. - 'Wall -

Concrete, Wht Pt
'

1.800 .2300 5.66 -

.70 .84 -.5 0. 90. - 'Wall -
Masonry'

2.300 .2200 15.48 -

.80 .93 -.5 0. 90. - 'Wall -
Stonework'

.600 .6700 .86

-

.16 .95 -.5 0. 90. - 'Wall -

Wood, Wht Paint'

.600 .6700 .86

-

.72 .78 -.5 0. 90. - 'Wall -

Wood,
Unpainted'

.800 .5700 .86

-

.75 .90 -.5 0. - - Wood - Dark Oak'

.600 .6700 .86

-

.72 .85 -.5 0. - - 'Wood - Rough Pine'

.600 .6700 .86

-

.72 .78 -.5 0. - - 'Wood - Smooth1
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Table 4. Suggested Object Parameters for Building Materials

(Continued)

Density SpHt ThmCond Thick EmV EraTh XpA dPw Slop Azmh Name

.400 .6689 1.10 -

.78 .90 -.5 0. - - 'Wood -

Unpainted'

.400 .6689 1.10 -

.74 .90 -.5 0. - - 'Wood - Green
Paint'

Table 5. Suggested Object Parameters for Surface Materials

Density SpHt ThmCond Thick EmV EmTh XpA dPw Slop Azmh Name

2.110 .2200 6.36 .86 .98 -.5 0. 0. 0. 'Asphalt
(1)'

2.114 .2200 5.93 .93 .93 -.5 0. 0. 0. Asphalt
(2)'

1.300 .2000 6.36 .93 .97 -.5 0. 0. 0. 'Asphalt -
Dry'

2.800 .2000 2.58 .96 .90 -.5 0. 0. 0. 'Basalt'

2.500 .2200 15.48 .45 .95 -.5 0. 0. 0. 'Boulders
'

1.000 .2000 2.88 .69 .95 -.5 0. 0. 0. 'Clay
-
Dry'

1.750 .2000 4.32 .86 .98 -.5 0. 0. 0. 'Clay
-
Wet'

'

2 . 000 .1600 15.48 .90 .99 -.5 0. 0. 0. 'Concrete - Bridge
Base'

2.280 .1601 15.48 .73 .94 -.5 0. 0. 0. 'Concrete -
Rough'

2.280 .1601 15.48 .25 .92 -.5 0. 0. 0. 'Concrete - White
Paint'

1.600 .1600 15.48 .70 .95 -.5 0. 0. 0. 'Concrete - Rough,
Dry'

1.600 .1600 15.48 .60 .88 -.5 0. 0. 0. 'Concrete -
Smooth'

1 . 600 .1600 15.48 .90 .99 -.5 0. 0. 0. 'Concrete -
Roadway'

1.400 .2000 2.88 .73 .95 -.5 0. 0. 0. 'Dirt -
Light*

1.400 .2000 4.32 .92 .93 -.5 0. 0. 0. 'Dirt -
Dark'

1.350 .2000 2.88 .73 .90 -.5 0. 0. 0. 'Dirt -
Dry'

1.400 .2000 4.32 .91 .95 -.5 0. 0. 0. 'Dirt -
Wet'

2.600 .2000 17.20 .55 .89 -.5 0. 0. 0. 'Granite -
Rough'

1.650 .1887 7.00 .29 .28 -.5 0. 0. 0. 'Gravel'

1.500 .2000 17.20 .80 .90 -.5 0. 0. 0. 'Gravel -
Dry'

2.000 .2000

-

.90 .90 -.5 0. 0. 0. 'Gravel -
Wet'

2.800 .2000 7.22 .96 .90 -.5 0. 0. 0. 'Lava'

2.500 .2200 15.48 .45 .95 -.5 0. 0. 0. 'Limestone'

1.500 .2000 2.88 .80 .94 -.5 0. 0. 0. 'Loam - Sandy, Fine,
Dry'

1.700 .2000 4.32 .89 .94 -.5 0. 0. 0. 'Loam -

Sandy, Fine,
Wet'

1.000 .2000 2.88 .96 .97 -.5 0. 0. 0. 'Loam -

Dark,
Clayey'

2.000 .2000

-
.86 .93 -.5 0. 0. 0. 'Macadam -

Roadway'

1.700 .2000 17.20 .90 .90 -.5 0. 0. 0. 'Pebbles'

2.600 .2000 17.20 .55 .89 -.5 0. 0. 0. 'Rocks'

.770 .2000 61.06 .38 .93 -.5 0. 0. 0. Salt Pan'

rrsio .1900 2.67 .60 .90 -.5 0. 0. 0. 'Sand -
Desert'

1.520 .1911 2.84 .76 .90 -.5 0. 0. 0. 'Sand -
Dry'

1.500 .2000 2.67 .60 .90 -.5 0. 0. 0. 'Sand -

Dry,
Flat'

2.000 .2000 4.32 .70 .95 -.5 0. 0. 0. 'Sand -

Wet,
Flat'

1.500 .2000 2.67 .60 .90 -.5 0. 0. 0. 'Sand -

White,
Powdered'

1.500 .'2000 2.88 794 -.5 0. 0. 0. 'Soil - Sandy,
Dry'

1.700 .2000 4.32 .89 .94 -.5 0. 0. 0. 'Soil -

Sandy,
Wet'

2.032 .2198 4.30 .75 .94 -.5 0. 0. 0. 'Soil -

Black,
Plowed'

1.000 .2000 2.88 .69 .95 -.5 0. 0. 0. 'Soil -

Clay,
Dry'

1.750 .2000 4.32 .86 .98 -.5 0. 0. 0. 'Soil - Clay,
Wet'
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Table 6. Suggested Object Parameters for Vegetation

Density

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

_J500...

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

.600

.800

.800

.800

.800

.600

SpHt

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

1.000

.6700

.5700

.5700

.5700

.5700

.6700

ThmCond

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5 . 00

5.00

5.00

5.00

5.00

.86

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

5.00

.86

.86

.86

.86

.86

.86

Thick

.05

.05

.05

.05

.05

.05

.05

.05

.05

,05

,05

,05

.05

.05

.5

.05

,05

,05

,05

.05

,05

.5

.5

.5

.5

.5

.5

EmV

.90

.90

.89

.85

.85

.85

.85

.99

.99

.88

,88

.91

.91

.67

.67

.78

.85

.82

.80

.97

.88

.90

.95

.99

.99

.90

.99

.95

.80

.88

.95

.99

EmTh

.96

.96

.90

.94

.96

.97

.96

.96

.96

.90

.95

.88

.88

.98

.98

.98

^90
-

.90

.95

.90

.94

.92

.96

.96

.96

.92

.97

-

.96

.95

.94

.96

.97

XpA dPw Slop
.17 -1.2 0.

.16 -1.2

.11 -1.2

7

.40

.11

Azmh Name

0. 'Bush,
Summer'

0. 0. 'Bush,
Winter'

0. 0. 'Crop
-
Alfalfa'

.17 -1.7 0. 0. 'Crop
-
Corn'

.25 -1.2 0. 0. 'Crop
-
Cotton'

8 0. 0. 'Crop
-
Tobacco'

2 0 0. -
Wheat'

.13 -1.2 0. 0. 'Forest - Coniferous,
Sum'

.13 -1.2 0. 0. 'Forest - Coniferous,
Win1

.15 -2.9 0. 0. 'Forest -

Deciduous,
Sum'

.15 -1.4 0. 0. 'Forest - Deciduous,
Win1

.17-3.5 0. 0.~*Grass -

Dry,
Summer'

.16 -3.5 0. 0. 'Grass -

Dry,
Winter'

.17 -0.6 0. 0. 'Grass after Rain,
Summer'

.14 r0.6 0. 0. 'Grass after Rain,
Winter1

.11 -1.2 0. 0. 'Pasture'

.5 0. 90. - ^Telephone Pole -
Wood'

.12 -2.9 0. 0. 'Tree - Birch,
Summer'

.12 -1.4 0. 0. 'Tree - Birch,
Winter'

.14 -2.9 0. 0. 'Tree -

Elm,
Summer'

.14 -1.7 0. 0. 'Tree -

Elm,
Winter'

.17 -2.3 0. 0. 'Tree -

Oak,
Summer'

.17 -1.2 0. 0. 'Tree - Oak,
Winter'

.13 -1.2 0. 0. 'Tree -

Pine,
Summer'

.13 -1.2 0. 0. 'Tree -

Pine,
Winter'

.13 -2.3 0. 0. 'Tree - Silver Maple, Avg

.15 0. 90. - 'Tree Trunk -
Evergreen'

.15 0. 90. - 'Tree Trunk -
Deciduous'

.15 0. 90. - 'Tree Trunk -

Birch, Avg
.15 0. 90. - 'Tree Trunk -

Elm,
Avg'

.15 0. 90. - 'Tree Trunk - Oak,
Avg'

.15 0. 90. - 'Tree Trunk -

Pine,
Avg'

Table 7.

Density SpHt ThmCond

.920 .4900 19.35

.918 .5017 19.44

1.030 .9400 4.90

1.000 1.000 5.00

1.000 1.000 5.00

.160 .5017 .60

.130 .5000 1.38

.160 .5000 1.55

1.000 1.000 5.00

1.000 1.000 5.13

1.000 1.000 5.00

1.030 .9600 4.90

Suggested Object Parameters for Water

Thick EmV EmTh XpA dPw Slop Azmh Name

80 .99 -.5 0. 0. 0.

50 .98 -.5 0. 0. 0.

79 .96 -.5 0. 0. 0.

89 .96 -.5 0. 0. 0.

90 .96 -.5 0. 0. 0.

28 .82 -.5 0. 0. 0.

25 .82 -.5 0. 0. 0.

95 .89 -.5 0. 0. 0.

96 .96 -.5 0. 0. 0.

50 .96 -.5 0. 0. 0.

50 .96 -.5 0. 0. 0.

50 .96 -.5 0. 0. 0.

'Ice'

'Ice - Rough'

'Marsh / Swamp /
Paddy'

'Pond - Clear'

'River - Muddy*

'Snow - Fine Particles'

'Snow -

Fluffy,
Fresh'

'Snow -

Packed,
Crusty'

0. 'Stream -

w/Weeds,
Sedge'

'Deep Water - Normal Inc
'

'Fresh Water'

'Salt Water'



APPENDIX H

Radiance and Temperature Plots and Data

June 1992 & October 1990 Data Collections

I.) June 1992 Radiance and Temperature Data

II.) June 1992 Radiance and Temperature Plots

III.) October 1990 Radiance and Temperature Data

IV.) October 1990 Radiance and Temperature Plots



rororoioro-'-'-^-'-'-'-'-'

otooo-vioioi-f^wro-1-

roiorotv)-'-'-'-'-*

UM-'0(OCDSO)0\ 0<000-W0501*,CorO-*0

3

oooooooooooooooooooooooo

oooooooooooooooooooooooo

oooooooooooooooooooooooo

ucococoucoococoocoivsrororororororoioivsr'Oi'ON
O^^MMMQQIVJ-'OIDIBSNlOJOJOJSSMCOOOO

(ouw-'W(Do-'SS(<<)o(Dbboo)bob*,coiv)i>(o

->0)COM-'4iO)*M-'A(0-'0)OlWO)U1M(D001ION

ON01UO)WaiOO*-'-'l\3IONlNU>JOA-'(0

rorowwuio>--vi-joo<o-Nio5o>wr\3-'tc>^i->i^icooooo<o

A*,-vitt>i'-'-*<oo-''*,-'0<o<o-'-'bo'>ja>cnbio'*'

WOIOIIDID^MUAUIUOUIDS^OIMMOIOOIIOO

N-'A(OA-'0)AO)mO)OUA*0)AAM-'M(DO>J

o

0)

<n

(0

roroooinco-',cooowco-',--4.(.

cocooororororororororo

>

O

^ojoioa-'Ooo-'U-'Cooo

uoaioovjooui-'aiuogoiA
rocDOJ*>,05ro~j<D*,oo^o-'

guiAAWWOUfflO*

OUIUAIOIOOOI-'OCi)

OCD*(DIOMJ)d)CDMM

A*,0\nI<0-'UN-'-'-'

-U -fc. -&

lO CT> -*

UUUMMMMMMO)

MUOOOOJfflOICIDO

-'01CT)W^01-'-sl-'-'*.OCT)4,rO-'0-'tO*.3rO*.0

UIDUvlO-'NllOUOUIOOVroUlinAOUIMOOlUI

--JC000OW00-'O00CT>CTtV3IV)C><000--J0001->IO-'-'~vl

^^010)<0-'QM-MO<a!NSC0W(0fl00)(O(0ffiO

(O^OOOOUOOID^OUIOMAoio^Illbl^UIOOU

rO-'C0010-*A(D<00)*M01(DU-'UA-'N-'000

0)O10J(OMAU-'S(OAK3MO)(O<J>(OA<O)0000(Dro

J 2.

to

Q.

o

o
CO
*

o
o

o z

o

UUUUUUUUUU^AA4iAUUI\]NI\}NIOI<0N

-'-WUO\05(003NlOOOA030)Q-vlOO)010)0)05Nl"g

^vlA0101(DOO>UO>(OOUUO>blOlio(ONO)(OA

WOUMMOOOl-'OIIO-'OlOlOS-'IDIDOCnOOJMIOOl

0)S(llAOJO(DlB*^00AJi-'0SUOIOOe00)*S

3

CL

o

o
01

coaiNiaio^inCDuioioouAoo^iouiioioioiouuu

vicooj<Dwro~jcow-',.t*ro-'o<ot\3-*.t,o<ofofouioi

UMOMOlWSlDUICMMMOlOM-'MUlU-'tflOlOl

33
o

o

o
CO

cocococococo*>,^,co4^,co*.crioitn4i,cor>orororor>oMro

r0l\3C001-vlt0r0-i<DO-vl*.-'-'OC0W~vlCT>-vl'~g-v|-vl00

00 (O <D ' >J 00 - '01vl(OJiMCD(DN)NlAOAOM*0)-<

->03*M^lUA^J(^303*co^oo103cn-'uoAOl^lo

-'^JG0fO-t-C0.*,.t,-fc'C000t\)--J-vlC0C0r0OlC0CT>CT><O<O-J



rororororo-1-'-'-'-'

-p.Goro-'-o<oco'~jCTiin

Auto-'oiooosaioi^ojro-'

cowcocococo-^-^-^cncncncncn-ucocorororororororo

-'-'MOO)(OrOUC5IOO)ANl001<B001AOI01010IO)

OT-JCD^W-'-i*Cn04*rO-a>C004*,rOCOCO.f,Cn-vlCO
~JWtVJ00J.Cn*.O<DOCD-vlN>(D4^-'C0CT><OC0tn-'-'

01-vl-t.^l~s|CO.t.*.Cn~ja>00-'COorO.NCO-'-ti.CO<OCO<0

X
o
c

a>

33
o
o

w oj co co oj

ro no co cn oo

*. -t- 4^ *. -^ CO

o ro ro o - oo

cncncnjvcorororororororo

^.^-'coroojoooo-vi^j^ioo

<nooNiAuouo<o(ioooo3U(0(0(oa)AOorouai-'

NOUItOOO-'UOlUIOMOOMOlU-'IOUA^OMO
rO00ASO0)01M0)S(O(D-'M05M0)-'UW0)-'<ONl

?2
pi

o

a>

CL

<D

co oo co co co oo

ro ro co .&. ^j oo

^cocococo*,*-*,*-cocorororororororo

o<ooo<oct>roct>cn*>.oo-'CT)cnct>-si--4~>ioo

aostoouooai-'iDuaiNioA-'Ui^coiouo)-'

(OOUIUMMCO^OlUI-'UOUffi^rOMUA^OSO
rooo4i.cncoc')03Co-'CT)-'o>roro-vico(D<ococnco-'<o~j

CO

CL

rorororo-'-'-'-'-'

coro-*o<ooo-goicn ^UIO-'OIDCOvJcnOl^UM-'O

3
a>

oooooooooooooooooooooooo

oooooooooooooooooooooooo

oooooooooooooooooooooooo

33

o

CD

M
c

z:



rororororo--'----

*UM-'OtD03S(T)01
4^coro-'o'ooo-NiCT>cn4>.coro-i

rorororo-'-'-'-'-'

UN-'OIDOOSOlOl 4i.coro-io<DOo~vio>cn4i,coro-'0

3
<D

OOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOO

cococococococococococorororororororororororororo ~

r'r'r'r'!,}r'.M!o"'M"''o<D<D000)**wPrgr'rJrg
*

^cn^co-'bj'robboboro'wrorocobjkicncobbj-'CT)
rororocoococoorooo<ococncT)Co<ocnooo-too-'

o)oi-'*ONjooooo-'aio*oiti)ooooo)00

>

D

o->uioooaiuoo)UOMOiviuia!a)0)M "
co co co co co
- ro co cn -si

^touuvmnooAuiooMssuioiui^aoxoaai
rocnorooro^.-'ai-'orooooico^jcnooooCDO}-'

OlUO-vlOUIMOMOOOvlOOA-'MOOOONOflO

rorororocororororororo-*-*-'- -.-.-*- -i -* -

0)0)0)W*NI\3-*OOK3000)OCO(OWOUOAAM*

aiioviAoosoooabA-'UioooouiMioutio^o)

MslOO)0-'*(OaiOUM-iMMM-'UOOA*-'

IOMMOOnIUA^OO-'OOIDIOU^OOOOOI-'*,

SL
o

OOON^OlOl^lD-'-'^O-'-'Ol-'

ro ro ro ro ro ro ro
oo cn cn cn cn cn cn

-'00100-'0-nI*>O^MM(OI\3*>U;OOU01IU

001<0-'0-'-'-'U1IOOO>IC010)U(D<DAOOUIIOA

0)1-'0)0-'M>I4>OOOIOnIOJOSOOOOnJj|0

lorococococococococococoAoococororororororororo

(D(00-'MUCOU(DNl(DO(OCD05tnAAAAUU

M01-'0*>000)0)AO

cnroco<DO-vi<orocncno

-vlO-*.-t,OCT>4^-'-'00

co o ro cn oo <o

to oo -* to -si oo
- co co ^j cn ~g

<o * co co -vi *. ro
o o o --j oo -^ ro

o o o o cn to to

rorororococococo^cn

0000tOtO-'C0.t.CT>-'O

A *. ^ -ucorororororororororo

rototocnrorororoco-'-ro

COffiMOOAMO-vKOCOIOslOOAOOOASA-'OlQNlh)

sJv(O10OAU(0(0UO01US01(fl-'010)O03*0)01

<orooooo*,oooooooooo^rococoooo<ooo4i,

tororocococococo^cncncncncncncocorororororororo

0303(DOM010)IO>J(I)40)0)yi-100O^^())4^0)U

(Bio-'yioorooi-'uooioiuo)^*

vi-viroAo-viviro-MUOuvioiois-1

(DM-'-'0<00-'NlOO(DN**MM

to ro to o ct> cn o
CT> -si O O O 00 CT)

O O O O -si CO -~l

X
o
c
t/>

<t>

X
o

o

rororococococococo4-4^4i,cncncncocorororororororo

IO<0(D-1l\)*WO)0!OOUl-'UU(0301t><kCJlUlAA

U-sl(D-'0103003010)01-'-'slONjOO(fla)vlOCOO)01

tnooiOJOsmuAUOosMUffl-'MocioioioM

rococo-viocncoCT>CT>oo-vitocoroorooooooo4*,to

CO

Cl



rororororo-*-'--'-*-'

^coro-'Otooo-vicncn
4QM-'OlO(DslO)yiAOrO-'

rororococococococococo*,4^*,*,cocorororororororo

<0(D(0-'IV}UU0>CD(0-'^0)U10IOO)^^U10I^A

co-viCD-'ro-si^tDto4.o-'Oorobo-cncotDOoocnoocn

cnoCT>ooo^coji.toroorocorotD-viCT)COCT)oocntoro

M(i)USOMOD1<>NOU0St>O^-'OOOONlA(D

33

to
3-

CO

CL
<r>

corocococococococococo4^cncncnA,4^,rororororororo
0(00-MU*0)S(DMUQU*ONICIW010)WOI

otouorouuiosucnaiAocooioMU-'Mcouui

-'N|-i(OOOOIOIUO)OCOO)MA*0)(00)OtnAO)0

roootoj^oj^-'-'-vioorotD-'Oto-viooootocncn

rotorococococoojucocococococorororororororororo
p<0(OO^NU1UUINlA4>UlUUI001AU1^AAUU

034^Ol-'O0)MIOU^03-'U(D4i-'03MiyiiD(DNl
cnro^4~gtooco-cncnotorotococooooocnro-'-'

NfllMOIUOOINAlaOANlOlOOlOlOOOOUO^

CD
-1

CO

tn

in

rorororo-'-'-'-'-'

coro-'Otooo-vicncn AUN-'OIDCOnIOOIAUIO-'O

3

OOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOO

OOOOOOOOOOOOOOOOOOOOOOOO

X
CO

Cl.

3
o

c

z.



rororororo-^-'-'-'-'

4i.coro-'Otooo~jCT)cn ** CO ro
0<OOOslO)01^0)K3-*

ro ro ro ro - -*

co ro -1 o to cd sj ct> cn ** co ro OIDNlO)OI4iC>3M-0

3
CD

oooooooooooooooooooooooo

oooooooooooooooooooooooo

oooooooooooooooooooooooo

-'-rororororororo-'-'

OOtOO-'-'MMIO-'tOS cnj.rootototoo-iroroco4i. 2>

cuco-'-'004i.oo-sitotooo-vi-'ro--joocnoo4^roooocT>co

AO)WIO-10-'4IV300NltOW(0)COvlMQUUOOOCO
4>,OO01MW0)00-'U0JMa44A<O<O(00)00-'(0IO

-'-'-'-'-'rorororororo-'ro-'-'-^

wuo)CD<DO-iuuAro(Doa)^-'Nioiuioio)o>xiffl

CDMfl)OMOJO^IOUl(DOlffi<T)OoiL-'bois|UA

ro4^corooo-'o>*,4^toro-g4^^j^icoo>-''vi-'tooo-viCT)

-lO(OA^OO)U4>N>JAM(DA050)00(0-'A-'<0(0

O

CO

tn

tn

-'-'-'-'rorororororoco^^^coro-''

UU4n|-'4>NO>4>MW-'0)IOO)01000o

a>
<

-* - - ro
_^

-*4kCT)4i,CT)Cn<DtOCT>CnC0CT>-vl-'00C0-vl-'4i,-viroCntDtO

-'(D-'0)-'NO)MMO-'AIOAUQnIUUIO)000)(D

)0)-'-'S01-00<D4'-'00)sl(flM<OOIO(i)OI*03

-'-'-'-'KJMUMIOQAAUIOIAQ-'

OUAMMOIOIOMO-'WOIOUON o o o -* - -* ro

-'4^0)totocn4>,CT>cncn-'CT)Co-'tocn-vio*,-virocntoto

_i<ococoooCT>-*-coo*,rooocnro-'to-vi4>.cnooooooto

tooo4^to-i004.cnCT)torooooocnroco-vicnorococn*>.oo

_*-i_4.-irorococoroco4i.cncncn4^co-'

coco4,ooco-vi-'ooo-*ro-'OoroCT>rocooo o - - -* ro

-4kO)0^(i)M01UO)0)OOMO)ro*04MMW(0(D

-'tocnto^rooorocnrocncocooococncooocnooooooto

toooCT>oooocncnocococn-vico4.cotorotoorococn4^oo

-'-'-'-'MMUUMU^oiaicnAU-'

coco4^oocoooro-'toro4>.coocnooco*>.oo o -* -* ro

-40>rO(OOOAUUl030MI\301(0-'-'*NlMOI(0(0

-*tocncn-'0-viOCT>-*toooocoCTiro4*,cocnooooootD

toooCT>^jo^aCT)0>ooootoCT)toooooo~-4roorococn4^oo

a

tD
<

o
Co

_i_J._i_i.rorocororororococncncnco-'

CT)CT)0000C0CT)Ot0C000Cn00-'-'Ot000-vlCT)Cn~g-vJ00tO

-'M4kOOSNlMCnCdOIN|01UUIOOICob>-'<J)blNlC0 4i

tocnco~viCT>rocncocn-jroo4i,cnooto-vi4^ro-'4^,~viroo

tooororooocDCT>cotoco-vicnrotocnrocncntocnocnoo

a
o

o

-j.-^-*-*rorororororococo4*.cocoro-'-

4^o>oo-'^Nio)4iO)OOi-'Ot)4iyii\3cococo4^cnyio)

AcniNjootoMA^vi^cnw-goo^ojojbo'robokiro-Nicn

C04-CT)4^r0r00000tD00CT>-vl-l-vl00-'CT>O00r0tO4i,-'tO
roCT>-itotoroCT>rocooorocncocn--j4i,ro-icnco-vjro'O

3

CL

o



rororororo-'-'-1-*-'

4>OM-'O(000nI0)01
*.C0M-'O<0IBvl010l4UM-'

O
CU

-'-'-'-'MUCOWOIOIOIA^COOM-'

UUOlSAO*>(O-'010)l(C00OO-'^UW^OlOI0)

oioffiiooro-'cnroAM-'iocDtncoo

*(DI0UOWUMO*U0)O^O1O

>U(00)*-'M-'001AO*4inI

ro co -vi co -l --J co

oo u ro oi oo -> a

03 >! 00 O S -" Ol

X
o
o

-* - - -l ro ro ro

co co cn --j -* 4. co

IOMMMUAAAU-'

-g4*a>-'rococororocnro-*rorococo

O
CO

* =;

cocncooCT)CT>co4.--jo)orocnto4,roocn*.4^torooo-vi
0)MWIO-'SCnN|(0ONl4'C000NCnO)NlA*40)M-

COM-vlOONOO)OCO(D4ktOO)0:lOI00054ClvlCi)0-'

-'-'-'-'H3MUUU

cococnco-'-cnoroCT)

4^ cn

4* O

cn 4, co ro -' <

orocncooooo o -* -l ro

-iUOCOO)-vl4-'tOU-'00000>400<ON|((BOO-'-v|Nl

0501-'^(DU(O<OC0C0N00-'yi-'^4<,OONl03N0)r0

^i-'OocncncDCococnootoroorococntoooo-vicnororo

X
o
c
in

<S>

X
o
o

co-jo-'-JCo4v.ioco4,roro-,-4^4^CT>co-jroro-jroCT>CT>

I0-'0)N4>030)^UOv|*(i)0)MMvIO0}O00OC1I

U00b)-'MS4>0}MOOa)A0)-'4>aiUlUS0003U0)

CD

Co

o

-'-'-'-'rororororororoco4>,4,4>,co-*

05UCn00MOIIO0Jvl0040000NlJi|O*.-'-'MMO)U4>. ii'

-i.-i-i-irorororororororocococoro-'

cococn~jorocncnco4,otoCT)cnrocoo-'-'roroooco4,

uooisboso-'ioAOJCoto-viosooAroiosNffiCD

roio-t,-roCT>4,-oootocoCT>ioco-'iococooooocncn

coco-cn-'ocno(j>-'Cororo~jcocnroCT)Co-NioooocoCT)

CD

CO

CL

CD

cn

-A

CD

3
T3

_i_^_^rorococo4-4,4>,4,cocororo-'

0)CDCO-'0)0*OvlOOOI(OaiOO-'A(A^OIO)fl)NlOO

OvlMNlOICD<OC0<0O-,C0O4'U-'4>,--lNlC0rO00 4vC0

4-rocnooCT)Oorocnootooo-'to4i.~jrotD-'cncorotococn

orj-oici)03cn-cntD(BMaicotooi4v(oco-'*-'oioo

>
cn

XI
o
t

MMMM-'-'-'-1-'

UM-'OIOCOMOItn Mi)M-'0(OCOnIO)OI^UIV)-'0

oooooooooooooooooooooooo

oooooooooooooooooooooooo

oooooooooooooooooooooooo

3
CD



rororororo-'-1-'-'-1-'-'-'-'-'

4vWM-'Ot0CDslcn0l4OM-'OCD00N0)01AUM-'

wroioio-'-'-'-'-'-'-'-'

UM-'OtOCDNCnOl^UIV) oiocosoioi^uro-'O

3
CD

oooooooooooooooooooooooo

oooooooooooooooooooooooo

oooooooooooooooooooooooo

-'-'IOMUU04>,4>4i,AUUMM-' -

SIDI\30100ICOUCOM01vJ^03l\30l(Ovl-vlOO(0(00 ro

(DAO(OUOIO)(OOIO-"vl<DC04>MIOQ())OOMM-'

cn4^,cno~vioCT>cncoroococncoco4^ooCT>ooococococn

oooooooooooooooooooooooo

>
cn

XI
3-

co_

CO
c

3

-'-'-'--'rororororororocororo-'-* -*-

cncn-vicotooo-'-'-'ro^-'-viroCTi-'cocooo o - -

X

B.
o

OlC0<O-vlO)4N|MM(D-'OJQ4kOIO)->JO)O)-'Cn()IV300

(04>UCNI0O0)4>(D0)M-'C00)<>t0(0O-'0)0IS

oooooooooooooooooooooooo

-'-'-'-'NioponjQuojcoAoioi

roro*"j-i4ois-'-ro(o>j-'-'

4*. ro
4^, oo en ro co co co 4- *

-joocnoorooo4i,4).cocncncoCT)-'Coco-'rotocoCT)4,rocn

cncnoo-sioooo-'cnroajtororoojro^j-'^corocotDCoco

oooooooooooooooooooooooo

O
Ul

CO

CL

CD

-'-'-'-'MUW4>A10I01A4W-'

O0-"010UMS<OSOIO(OUIO>0) o o -* o o - o

COCO-'-'(0<040)t001vl(OCOOCOtO(00305-'OIArOA

ai-'-'0)-''viAoioiAvi-'-'4050<4>,a)cco)oioi

oooooooooooooooooooooooo

o
CO
-

*

X
o

o

c

3

CD
CO

ro

CD

3
X

-'-rorororororororo-'-',-'-'-'-',

iDiooo-'-'io-'-'OOooioiuiy-' O-'-'tOWU^OI 2>

04^ocn-iOo-tcoCT)OCocnrocnro-'tocooocncococn4,

-'-ro-'^NioojuooiorocoMroiDoioiotooioio

oooooooooooooooooooooooo

(A
c
z.

01

o
to

-'--'-'MMNK30Ci3UOA4>

rou^co-'4oisu^ssoo

co ro -

-vi oo cn 4- co co 4* CO 4 cn

0)-'NirO(DNllOO)M01CD01(DUUUONOSO(DCOO

UUOOiyi40)00)MI\3^01-'4-'01<D-'ro-'UPOM

oooooooooooooooooooooooo

3

o

jj_i-loroMUUJiOlAOI4

-OMO)OWO)U(OIJ)OIOOM

co ro
to^jto-'-'roro-'ro-'

^WMAUS-'bcoOlOlfoOllVjNlMUOlOwbVAfo
oiNi-'-'-'UONoicoNiro<Doi-'orooo>Nio-'4>

oooooooooooooooooooooooo

X
o
c
cn

CD

X
o
o

j-i-i--'I\3MMMUUU^^4i,0-'

roiouotoMuoi'-Joorooai-'CDoioiroucjUAOo

vlO)COUUI(OM^(D-'(D-'UOIOOIO)M4>40)u)o'o)
<jO_icn-vicncoococo'Oocnoocoooo^4^'4^cororo'

oooooooooooooooooooooooo

CO

CL

CD



rororororo-1-'-'-'-'

AUM-'OIDCDnIOIOI
0<DCDNlffl014vCOM-'

X

CQ

-'-'-'-'-TOMroporouco^^^u-'

roro4-cnoo-'roco-vitoo4i,ocorococn 4^ ro CO CO CO 4* CO Hi

sioio-'iocooiDioovi-'Uooio^-'moiciiuos

vld)4iU14iO>IO004kMSI0r0AOG)4i0)Q-'-'4S

oooooooooooooooooooooooo

CO

Oi

CD

-'-'-'-'-'rororororococo^

roco4>-cnco-'-'roo)Ooroo>ro

*> 4>. oo ro
Ol U N| *. 4> U U U A A Ol

CD

(orooiMcooovjoitooicoorooi^toA-'soos-'

AMMNlU-'-'O0)or00)0)O00l0N|-'OC01C0O(0
oooooooooooooooooooooooo

rorororo-*-'-'-'-'-'-'-'-'-*

UM^O(000SCI)014vQP0-'O(00JMC0OlAUr0-'O

ooooooooooobbbbbbbbbbbbb

oooooooooooooooooooooooo

oooooooooooooooooooooooo

3
CD

c

3

CD

CO

ro

CD

3
X

s



Thermistors 6/22/92

Time Car Side White Front Roof Shingles Asphalt Shade Windshield Tire

1 15.500 22.690 21.880 30.170 16.000

2 15.750 21.790 21.110 28.440 15.920

3 16.000 21.570 21.070 29.370 15.930

4 16.250 20.940 20.350 25.370 16.020

5 16.500 21.830 20.780 25.770 16.160

6 16.750 21.390 21.140 24.910 16.260

7 17.000 21.540 21.090 23.060 16.350

8 17.250 21.050 19.740 21.530 16.230

9 17.500 21.510 19.590 20.830 16.390

10 17.750 21.450 19.200 19.580 16.310

11 18.000 21.640 19.150 18.840 16.420

12 18.250 20.790 18.630 16.900 16.410

13 18.500 20.910 18.130 15.970 16.330

14 18.750 20.800 17.850 15.660 16.280

15 19.000 19.930 17.460 15.270 16.130

16 19.250 19.320 16.950 14.900 16.050

17 19.500 18.370 16.510 14.450 16.000

18 19.750 17.550 15.680 13.680 15.820

19 20.000 16.480 14.620 12.960 15.570

20 20.250 15.470 13.560 11.910 15.410

21 20.500 14.040 11.760 9.630 15.200

22 20.750 12.520 10.090 8.220 14.900

23 21.000 10.780 8.380 6.510 14.590

24 21.250 9.400 7.250 5.850 14.110

25 21.500 8.650 6.500 5.060 13.850

26 21.750 8.030 5.900 4.440 13.630

27 22.000 7.310 5.400 3.590 13.480

28 22.250 6.740 4.920 3.260 13.090

29 22.500 6.390 4.660 2.920 12.930

30 22.750 6.110 4.610 2.330 12.670

31 23.000 6.270 5.420 4.240 12.480

32 23.250 6.300 5.710 4.340 12.430

33 23.500 5.620 5.290 2.820 12.450

34 23.750 4.950 4.360 1.580 12.310

35 24.000 4.530 3.770 1.240 11.870

36 0.250 4.420 3.600 0.980 11.890

37 0.500 4.200 3.350 1.380 11.810

38 0.750 4.270 3.760 2.010 11.370

39 1.000 4.230 4.040 2.410 11.260

40 1.250 3.610 3.180 0.340 11.380

41 1.500 3.720 3.350 1.080 11.180

42 1.750 3.540 3.210 1.100 11.070

43 2.000 3.490 3.310 1.480 10.980

44 2.250 3.690 3.640 2.220 10.820

45 2.500 3.960 3.990 2.760 10.740

46 2.750

47 3.000

48 3.250 3.430 3.390 2.030 10.520

49 3.500 2.800 2.850 0.950 10.500

50 3.750 2.280 2.140 0.360 10.310

51 4.000 3.320 3.530 2.370 10.100

52 4.250 3.030 3.380 2.120 9.990

53 4.500 2.980 3.320 1.930 9.970

54 4.750 2.900 2.760 1.280 9.740

55 5.000 2.930 2.660 1.060 9.690

56 5.250 2.330 2.370 0.440 9.770

30.140 20.910

29.240 20.230

30.450 19.950

28.520 19.400

29.400 19.740

29.590 19.750

28.890 19.500

27.240 18.900

27.920 19.100

27.110 18.680

27.480 18.780

25.050 18.250

25.140 18.010

24.910 17.740

24.660 17.430

23.920 17.090

23.140 16.710

21.790 16.110

19.950 15.320

18.350 14.590

16.400 13.250

13.660 11.820

11.380 10.320

9.720 9.270

8.600 8.400

7.770 7.800

6.940 7.350

6.440 6.810

5.970 6.610

5.290 6.470

5.260 6.500

5.300 6.540

4.840 6.070

4.040 5.670

3.320 5.190

3.090 5.080

2.720 4.660

3.010 4.640

3.210 4.700

2.260 4.280

2.150 4.280

2.420 4.370

2.400 4.030

2.560 4.100

2.740 4.310

2.060 3.840

1.720 3.400

1.110 2.820

2.130 3.760

1.980 3.550

1.710 3.390

1.810 3.150

1.920 3.100

1.220 2.790



Thermistors 6/22/92

Car Roof Side Window Black Front Middle Asphalt Specular Board Water Sand

1 43.300 24.090 22.730 33.960 39.550 18.750 37.400

2 40.470 23.900 21.960 28.690 36.900 19.150 36.250

3 41.410 23.360 22.130 26.510 21.430 19.360 35.490

4 37.050 22.790 20.970 23.900 17.700 19.490 31.690

5 38.450 24.140 21.480 22.890 16.600 19.580 29.480

6 37.110 23.410 21.700 22.020 16.080 19.610 25.270

7 35.230 23.790 21.430 21.230 15.460 20.010 22.580

8 32.460 23.020 20.040 20.150 14.600 19.790 20.230

9 33.040 23.760 20.220 20.090 14.600 20.150 19.210

10 31.010 23.250 19.580 19.390 14.050 19.880 18.040

11 30.700 23.560 19.470 19.080 14.080 19.410 17.400

12 27.060 21.650 18.870 18.600 13.770 19.680 16.790

13 26.010 22.280 18.300 18.050 13.230 19.800 16.120

14 24.770 22.050 18.040 17.750 13.010 19.570 15.690

15 23.550 20.950 17.700 17.390 12.740 19.470 15.220

16 21.540 20.830 17.160 17.090 12.590 19.180 14.780

17 19.670 19.900 16.780 16.880 12.090 19.010 14.530

18 17.650 20.060 15.810 16.410 11.490 19.040 14.070

19 15.410 19.240 14.820 15.850 10.640 18.530 13.450

20 13.250 18.380 13.750 15.500 9.620 18.140 12.830

21 10.060 17.000 11.760 14.970 7.230 18.250 12.180

22 8.030 14.640 10.060 14.520 5.120 18.020 11.210

23 5.130 12.580 8.250 13.900 2.780 17.890 10.220

24 4.270 11.160 7.330 13.300 1.570 17.690 9.300

25 3.510 10.060 6.600 12.790 0.880 17.290 8.500

26 2.980 9.220 5.730 12.330 0.170 17.170 7.840

27 1.690 8.540 5.590 12.050 0.020 17.270 7.360

28 2.280 7.830 4.970 11.640 -0.300 16.960 6.850

29 1.820 7.360 4.890 11.380 -0.410 16.570 6.490

30 0.610 6.940 4.680 11.040 -0.390 16.360 6.170

31 2.330 6.880 5.520 10.830 2.170 15.980 6.140

32 3.050 6.960 5.820 10.720 2.710 15.820 6.270

33 1.110 6.500 5.300 10.640 1.690 15.840 6.310

34 -0.090 5.710 4.470 10.550 -0.010 15.620 6.020

35 -0.450 5.020 3.610 10.040 -0.420 15.400 5.780

36 -0.220 4.960 3.690 10.000 -0.540 15.290 5.540

37 -0.120 4.640 3.240 9.740 -0.700 15.120 5.230

38 1.120 4.770 3.840 9.330 0.380 14.490 4.960

39 1.250 4.820 4.220 9.220 1.130 14.560 5.000

40 -1.130 4.040 3.190 9.270 -1.030 14.410 4.760

41 -0.020 4.050 3.390 9.040 -0.820 14.396 4.450

42 0.050 4.040 3.350 8.860 -0.730 14.160 4.400

43 0.460 3.930 3.320 8.620 0.000 13.960 4.320

44 1.020 4.030 3.500 8.440 0.850 13.950 4.200

45 1.390 4.250 3.900 8.390 1.850 13.590 4.500

46

47

48 0.390 3.780 3.240 8.030 0.760 13.170 4.360

49 -0.200 3.240 2.750 7.950 -0.030 13.250 4.350

50 -1.480 2.690 1.990 7.680 -1.530 12.750 3.850

51 1.160 3.720 3.440 7.540 1.580 12.590 4.120

52 0.520 3.410 3.260 7.360 1.620 12.320 4.180

53 0.220 3.260 3.260 7.330 1.380 12.380 4.140

54 0.750 2.990 2.660 7.200 0.500 12.130 4.060

55 0.880 3.010 2.410 7.120 0.290 11.800 4.040

56 -0.800 2.660 2.250 7.110 -0.360 11.880 3.840



Thermistors 6/22/92

Grey Patch Car Bumper Rear Asphalt Sun Asphalt Concrete Time 2

21.070 25.310 31.130 38.910 32.940 15.500

20.460 23.460 27.980 38.360 33.040 15.750

21.010 24.260 26.400 38.770 32.900 16.000

20.650 21.630 24.730 37.150 32.080 16.250

21.480 23.040 23.820 37.510 31.990 16.500

21.940 22.420 23.000 36.980 31.480 16.750

21.010 21.850 22.220 35.830 30.890 17.000

20.460 20.710 21.150 34.570 29.790 17.250

21.550 20.660 20.730 34.230 29.290 17.500

21.070 19.830 20.020 33.090 28.330 17.750

21.790 19.790 19.610 32.290 27.420 18.000

20.870 18.890 19.060 31.440 24.390 18.250

20.720 18.370 18.550 30.170 22.490 18.500

20.590 18.130 18.150 29.310 21.230 18.750

20.170 17.850 17.750 28.020 20.140 19.000

19.490 17.320 17.380 27.260 19.100 19.250

18.400 16.820 17.070 25.820 18.140 19.500

15.220 16.180 16.590 24.900 17.260 19.750

13.590 15.440 16.160 23.650 16.340 20.000

12.350 14.490 15.680 22.570 15.640 20.250

9.530 12.520 15.210 21.130 14.670 20.500

7.520 10.870 14.590 20.010 13.790 20.750

5.880 9.160 13.870 18.920 12.910 21.000

5.220 8.090 13.150 17.820 12.100 21.250

4.390 7.730 12.590 16.940 11.310 21.500

4.100 7.540 12.180 16.270 10.650 21.750

3.680 6.510 11.720 15.550 10.070 22.000

3.660 6.620 11.300 14.880 9.490 22.250

3.720 6.440 11.010 14.540 8.990 22.500

3.200 5.980 10.690 14.000 8.470 22.750

4.680 6.600 10.380 13.350 8.040 23.000

5.320 6.950 10.230 12.980 7.800 23.250

4.360 6.060 10.080 12.830 7.500 23.500

2.960 4.970 9.920 12.530 7.220 23.750

2.450 4.410 9.550 12.150 6.760 24.000

2.320 4.330 9.440 12.100 6.410 24.250

2.190 4.190 9.110 11.450 6.150 24.500

2.700 4.490 8.780 11.050 5.790 24.750

3.110 4.570 8.630 10.780 5.590 25.000

1.720 3.670 8.560 10.610 5.340 25.250

2.030 4.000 8.370 10.300 5.050 25.500

2.540 4.130 8.160 10.120 4.860 25.750

2.920 4.150 7.970 9.780 4.670 26.000

3.080 4.390 7.770 9.530 4.530 26.250

3.930 4.640 7.680 9.600 4.520 26.500

26.750

27.000

2.800 4.070 7.320 8.740 3.960 27.250

2.530 3.480 7.170 8.730 3.790 27.500

1.260 2.970 6.940 8.380 3.450 27.750

3.450 4.100 6.780 8.000 3.560 28.000

2.940 3.880 6.640 7.780 3.280 28.250

3.170 3.660 6.530 7.710 3.300 28.500

2.890 3.700 6.450 7.660 3.110 28.750

2.800 3.690 6.390 7.380 2.970 29.000

1.990 3.030 6.260 7.290 2.830 29.250



Thermistors 6/22/92

Tire

57 5.500 2.440 2.370 0.470 9.610 1.290 2.800

58 5.750 3.480 2.390 0.370 9.530 1.300 3.090

59 6.000 6.240 4.140 1.600 9.690 2.240 4.410

60 6.250 8.840 6.050 2.740 10.080 2.760 6.940

61 6.500 15.690 11.400 6.540 10.610 5.050 13.100

62 6.750 22.300 15.400 9.050 11.010 7.160 18.530

63 7.000 28.110 15.430 9.320 11.740 8.680 24.970

64 7.250 33.880 23.810 13.560 12.750 10.630 30.110

65 7.500 36.160 26.430 16.070 13.800 12.140 31.330

66 7.750 42.040 29.590 19.300 15.480 14.390 34.500

67 8.000 44.870 33.000 27.200 16.660 17.470 37.490

68 8.250 35.930 29.610 25.550 16.450 18.090 33.890

69 8.500 46.160 35.680 33.290 18.710 19.480 38.920

70 8.750 50.750 40.090 38.330 20.680 23.560 44.180

71 9.000 51.320 42.540 39.710 22.580 26.070 43.580

72 9.250 49.920 40.990 38.270 23.250 28.120 44.450

73 9.500 45.330 37.510 37.180 23.580 26.150 39.780

74 9.750 48.990 39.770 36.610 25.770 29.270 41.790

75 10.000 51.160 43.020 47.250 27.410 29.900 45.200

76 10.250 52.350 42.750 48.730 29.680 33.600 43.990

77 10.500 48.320 39.500 48.100 29.090 34.320 42.150

78 10.750 49.820 40.770 50.800 29.990 34.670 44.140

79 11.000 47.620 40.390 50.690 31.370 36.170 42.060

80 11.250 46.700 39.920 51.450 31.360 37.220 42.730

81 11.500 44.700 38.650 49.290 27.890 36.370 40.640

82 11.750 35.840 32.010 43.190 25.960 33.630 30.180

83 12.000 39.320 34.170 49.220 24.680 34.840 36.360

84 12.250 39.460 33.760 52.120 24.420 37.260 35.870

85 12.500 36.110 33.050 52.480 23.550 38.370 33.910

86 12.750 35.980 31.880 50.430 22.540 37.130 34.280

87 13.000 32.590 30.720 50.570 22.190 38.400 32.520

88 13.250 32.700 29.220 48.420 22.110 38.800 29.420

89 13.500 34.520 29.840 50.500 22.110 39.140 29.960

90 13.750 32.350 28.980 46.460 22.210 38.390 27.890

91 14.000 31.560 29.040 46.580 21.940 39.990 28.200

92 14.250 31.920 29.290 45.270 21.910 39.350 28.360

93 14.500 31.280 28.860 47.700 21.750 41.600 27.410

94 14.750 31.150 28.130 43.520 21.360 39.080 27.330

95 15.000 31.320 27.280 39.850 21.280 37.130 26.530

96 15.250 32.040 28.420 44.060 21.320 40.700 27.380

97 15.500 28.320 25.710 34.710 21.340 36.130 24.620

98 15.750 26.150 23.150 28.830 21.060 30.760 22.130

99 16.000 27.460 23.900 33.320 21.200 33.920 22.700

100 16.250 26.280 23.920 30.730 21.070 33.130 22.900

101 16.500 25.190 22.560 26.480 20.790 28.070 21.970

102 16.750 25.500 22.290 26.810 20.820 28.160 22.030

103 17.000 25.410 22.070 26.100 20.790 27.970 21.310

104 17.250 25.170 22.330 26.110 20.590 29.630 21.530

105 17.500 24.050 21.070 23.670 20.460 26.020 20.650

106 17.750 24.600 21.530 25.090 20.500 26.640 21.030

107 18.000 24.880 21.800 23.730 20.420 29.850 21.010

108 18.250 24.630 21.310 21.370 20.110 30.500 20.430

109 18.500 23.170 20.290 21.510 19.870 26.040 19.720

110 18.750 22.490 19.850 21.610 19.770 24.750 19.640

111 19.000 21.280 18.940 20.310 19.660 22.350 18.930

112 19.250 20.010 17.870 18.790 19.330 20.570 18.150



Thermistors 6/22/92

1Car Roof Side Window Black Front Middle Asphalt Speculiar Board Water "Sand

57 -0.160 2.630 2.250 6.910 -0.140 11.990 3.710

58 -0.520 2.930 2.530 6.920 -0.580 11.490 3.490

59 0.340 4.790 5.240 7.110 -0.530 11.350 3.540

60 0.450 5.690 7.380 7.480 -0.470 11.340 3.630

61 2.600 9.770 13.340 8.120 1.630 11.160 3.880

62 5.060 11.920 20.640 8.910 4.390 11.210 4.630

63 6.980 15.060 15.610 9.990 5.050 10.990 5.530

64 9.270 20.510 28.240 11.310 8.380 10.950 7.040

65 11.280 22.950 31.680 12.380 10.580 10.700 8.400

66 14.590 26.930 35.070 14.260 12.740 11.130 10.090

67 16.900 28.310 38.580 15.790 15.420 11.120 11.360

68 13.780 27.330 31.710 15.800 16.800 11.190 12.790

69 22.380 30.540 41.260 18.250 22.910 11.570 14.070

70 31.400 34.900 44.360 20.610 27.600 11.790 16.580

71 35.880 37.340 31.840 22.430 31.390 12.270 19.210

72 37.090 38.270 31.240 24.120 33.810 12.530 21.590

73 31.550 35.220 30.080 24.070 31.690 12.890 22.300

74 38.580 37.590 32.830 26.670 35.280 12.930 24.090

75 43.340 40.310 45.590 28.550 38.850 13.580 25.810

76 48.920 41.230 47.570 31.040 41.960 14.170 28.460

77 46.840 39.980 43.870 31.540 41.630 14.460 29.470

78 50.330 41.250 44.610 33.070 43.720 14.880 30.710

79 49.810 40.950 43.380 34.590 45.380 15.220 32.660

80 51.630 42.280 42.710 36.090 46.660 15.840 34.160

81 50.700 41.490 40.330 37.160 46.960 16.200 35.050

82 39.810 33.880 33.850 35.280 40.900 16.320 33.840

83 50.910 37.540 36.150 37.300 45.430 16.580 35.280

84 55.230 39.220 35.730 39.880 48.630 16.920 37.090

85 54.800 37.750 34.220 41.080 50.450 17.480 38.660

86 52.120 39.740 32.730 42.130 50.050 17.840 40.100

87 56.770 37.820 30.980 43.240 51.030 18.350 40.930

88 54.140 37.170 30.050 42.830 49.340 18.730 41.960

89 57.730 37.290 30.980 44.320 50.330 19.240 41.340

90 51.950 34.590 30.670 44.270- 48.610 19.790 41.910

91 57.640 34.520 30.110 45.430 51.280 20.000 42.910

92 53.370 34.710 29.930 44.900 49.640 20.590 43.140

93 57.120 33.210 30.460 46.030 51.490 20.950 43.210

94 52.760 33.660 29.100 45.370 47.760 21.260 42.910

95 49.250 33.260 27.980 44.090 44.620 21.630 41.510

96 58.580 33.770 30.040 45.510 49.110 22.020 41.970

97 40.270 29.490 26.670 41.090 39.040 21.430 39.440

98 33.880 26.390 23.840 37.470 31.030 21.960 35.240

99 47.350 27.600 25.430 37.400 30.030 21.980 34.590

100 37.590 26.710 25.100 35.550 28.570 22.410 34.430

101 29.490 25.230 23.190 34.030 26.470 22.140 31.330

102 31.800 25.200 23.480 33.750 26.460 22.180 29.320

103 32.440 25.230 23.200 32.990 26.060 22.100 28.000

104 35.200 25.140 23.560 31.530 24.300 22.110 26.710

105 26.020 24.350 22.130 31.000 22.950 22.070 25.480

106 30.510 24.380 22.760 30.960 24.630 21.930 25.160

107 33.970 24.740 22.930 29.690 22.560 21.870 24.630

108 33.350 24.350 22.280 28.220 20.010 21.960 23.050

109 26.060 23.350 21.020 27.870 20.390 21.740 22.410

110 25.120 22.850 20.630 27.690 20.790 21.390 22.240

111 20.910 21.950 19.550 26.940 19.830 21.170 21.640

112 18.940 20.450 18.330 26.140 18.250 21.190 20.900



Thermistors 6/22/92

Grey Patch Car Bumper Rear Asphalt Sun Asphalt Concrete Time 2

57 2.540 3.110 6.090 7.100 2.730 29.500

58 2.690 3.410 6.180 7.120 2.620 29.750

59 2.040 3.910 6.380 7.360 2.600 30.000

60 3.730 4.430 6.730 7.520 2.610 30.250

61 9.210 9.140 7.560 8.520 2.910 30.500

62 11.740 11.490 8.480 8.940 3.410 30.750

63 7.520 15.520 9.650 9.980 4.180 31.000

64 14.800 19.780 11.130 10.720 4.870 31.250

65 20.180 21.300 12.380 12.430 5.790 31.500

66 27.810 25.720 14.140 13.920 7.050 31.750

67 31.170 28.620 16.010 15.740 8.260 32.000

68 27.950 24.000 16.190 15.550 8.610 32.250

69 35.670 31.760 18.830 18.060 10.630 32.500

70 41.150 35.680 21.300 20.510 12.410 32.750

71 41.640 37.740 23.530 22.430 14.030 33.000

72 40.760 35.620 25.190 23.720 15.320 33.250

73 36.110 32.470 25.440 24.120 16.000 33.500

74 39.850 34.820 28.000 26.910 17.920 33.750

75 43.520 39.720 30.360 28.380 20.160 34.000

76 44.840 39.930 32.640 31.490 21.810 34.250

77 42.200 37.050 33.200 31.890 22.670 34.500

78 43.790 39.890 35.070 33.960 24.480 34.750

79 43.830 37.980 36.690 34.950 25.830 35.000

80 43.600 39.310 38.300 36.930 27.320 35.250

81 41.250 37.940 39.080 37.470 28.530 35.500

82 34.090 27.480 37.600 36.250 27.860 35.750

83 37.770 35.670 39.820 37.730 29.340 36.000

84 38.950 36.040 41.900 40.340 30.930 36.250

85 39.480 33.970 43.580 42.250 32.570 36.500

86 37.100 34.910 44.410 42.890 33.350 36.750.

87 34.980 33.880 45.730 45.100 34.840 37.000

88 33.860 35.270 45.480 43.980 34.740 37.250

89 33.650 34.730 46.660 45.810 36.160 37.500

90 32.510 31.550 46.300 45.590 36.160 37.750

91 31.560 33.640 47.390 47.020 37.550 38.000

92 30.350 32.700 46.950 45.600 37.580 38.250

93 29.490 32.030 48.670 48.350 38.680 38.500

94 26.560 32.300 47.440 47.180 38.650 38.750

95 25.230 31.070 45.620 46.690 37.770 39.000

96 27.870 33.710 47.150 48.560 39.220 39.250

97 26.230 . 25.540 41.100 43.630 35.870 39.500

98 24.340 22.280 37.710 41.150 34.140 39.750

99 27.330 25.060 36.740 43.950 36.460 40.000

100 25.520 23.940 35.130 41.950 34.520 40.250

101 23.570 22.100 33.750 38.190 31.580 40.500

102 23.700 22.270 33.350 38.120 30.850 40.750

103 24.120 21.450 32.480 36.660 30.460 41.000

104 25.300 22.000 31.030 37.470 30.440 41.250

105 21.850 20.410 30.400 34.730 28.160 41.500

106 23.940 21.050 30.410 34.950 28.330 41.750

107 25.510 20.840 29.000 35.500 28.240 42.000

108 24.500 20.480 27.600 35.290 26.410 42.250

109 22.050 19.770 27.300 32.880 25.410 42.500

110 21.530 19.370 26.990 32.040 24.850 42.750

111 18.890 18.480 26.340 30.370 23.670 43.000

112 17.750 17.520 25.460 28.860 22.720 43.250



Thermistors 6/22/92

Time Car Side White Front Roof Shingles Asphalt Shade Windshield Tire

113 19.500 19.480 17.140 18.040 19.140 19.440 17.710

114 19.750 18.800 16.710 17.240 19.060 18.800 17.270

115 20.000 17.870 16.150 16.410 18.730 17.680 16.770

116 20.250 17.290 15.630 15.610 18.540 17.080 16.330

117 20.500 16.840 15.250 15.030 18.370 16.520 15.950

118 20.750 16.270 14.760 14.320 18.050 15.710 15.500

119 21.000 14.580 14.040 12.210 17.940 13.850 14.670

120 21.250 13.350 13.130 11.130 17.370 12.450 13.790

121 21.500 13.210 12.940 11.160 16.870 12.470 13.680

122 21.750 12.960 12.720 10.870 16.430 12.330 13.500

123 22.000 12.880 12.560 10.870 16.390 12.410 13.220

124 22.250 13.020 12.490 11.090 16.130 12.370 13.140

125 22.500 12.810 12.670 11.210 16.170 12.240 12.930

126 22.750 12.650 12.890 11.300 15.840 12.160 12.980

127 23.000 12.750 12.770 11.160 15.630 11.900 12.940

128 23.250 12.500 12.480 10.910 15.460 11.720 12.720

129 23.500 12.630 12.600 10.940 15.480 11.680 12.860

130 23.750 12.810 12.740 10.800 15.320 11.680 13.140

131 24.000 12.570 12.600 10.640 15.090 11.540 13.030

132 0.250 12.740 12.610 10.650 15.030 11.590 13.050

133 0.500 12.750 12.530 10.610 14.860 11.620 13.090

134 0.750 12.800 12.590 10.510 14.660 11.710 13.050

135 1.000 12.850 12.640 10.660 14.530 11.870 13.020

136 1.250 12.870 12.610 10.540 14.310 11.870 13.000

137 1.500 12.640 12.440 10.420 14.270 11.790 12.960

138 1.750 11.450 11.780 10.280 14.150 11.010 12.400

139 2.000 11.890 12.120 10.450 14.120 11.020 12.670

140 2.250 11.890 12.130 10.430 14.040 10.990 12.560

141 2.500 11.960 11.990 10.550 14.060 11.140 12.440

142 2.750 11.700 12.010 10.480 13.980 11.000 12.250

143 3.000 11.500 11.860 10.310 13.880 10.790 12.180

144 3.250 10.930 11.180 10.220 13.460 10.580 11.310

145

146

147

148

149

150

151



Thermistors 6/22/92

Car Roof Side Window Black Front Middle Asphalt Specular Board Water Sand

113 17.850 19.740 17.640 25.340 17.210 21.180 20.090

114 17.120 19.210 17.090 25.050 16.380 20.840 19.610

115 16.130 18.250 16.370 24.170 15.830 20.510 18.920

116 15.330 17.780 15.850 23.660 15.080 20.630 18.350

117 14.730 17.250 15.360 23.090 14.410 20.120 17.840

118 13.920 16.460 14.890 22.500 13.880 20.600 17.370

119 11.110 14.700 13.860 20.800 12.200 20.020 16.550

120 10.500 13.210 13.210 19.840 11.170 19.930 15.410

121 11.060 13.280 12.870 19.380 11.210 19.500 14.850

122 10.690 13.120 12.650 18.920 11.170 19.450 14.540

123 10.810 13.130 12.610 18.750 11.170 19.410 14.260

124 11.250 13.280 12.500 18.370 11.360 19.330 14.200

125 11.080 13.030 12.670 18.170 11.350 19.570 14.050

126 11.090 12.740 13.030 17.880 11.760 18.910 14.150

127 10.850 12.630 12.730 17.420 11.290 19.010 13.850

128 10.590 12.550 12.490 17.370 11.160 18.830 13.760

129 10.640 12.550 12.610 17.200 11.070 18.770 13.640

130 10.640 12.780 12.860 17.000 11.050 18.480 13.510

131 10.660 12.700 12.740 16.660 10.640 18.600 13.170

132 10.660 12.840 12.670 16.610 10.640 18.060 13.090

133 10.750 12.970 12.610 16.370 10.540 18.020 12.910

134 10.770 13.120 12.730 16.010 10.560 18.070 12.760

135 10.730 13.200 12.800 15.760 10.570 17.900 12.620

136 10.800 13.130 12.650 15.520 10.650 17.740 12.400

137 10.480 12.920 12.550 15.510 10.680 17.670 12.400

138 9.980 11.580 11.840 15.230 10.480 16.990 12.340

139 10.190 11.610 12.280 15.100 10.550 17.350 12.380

140 10.120 11.680 12.020 15.110 10.660 17.220 12.420

141 10.410 12.000 11.910 15.030 10.880 17.180 12.590

142 10.220 11.630 11.940 14.970 10.940 17.470 12.710

143 10.060 11.400 11.800 14.680 10.710 17.070 12.630

144 9.990 11.200 11.070 14.550 10.550 16.860 12.430

145

146

147

148

149

150

151



Thermistors 6/22/92

Grey Patch Car Bumper Rear Asphalt Sun Asphalt Concrete Time 2

113 16.820 17.250 24.800 28.200 22.010 43.500

114 16.210 16.830 24.310 27.240 21.280 43.750

115 15.680 16.360 23.480 25.900 20.440 44.000

116 14.990 15.850 22.900 25.340 19.910 44.250

117 14.610 15.610 22.330 24.640 19.210 44.500

118 14.220 15.260 21.850 23.990 18.710 44.750

119 12.450 13.800 19.920 22.050 17.540 45.000

120 11.480 12.190 19.010 20.770 16.580 45.250

121 12.060 12.480 18.630 20.350 16.170 45.500

122 11.740 11.900 18.140 19.700 15.830 45.750

123 11.690 11.830 17.850 19.440 15.440 46.000

124 11.850 12.120 17.560 19.120 15.120 46.250

125 12.050 11.970 17.130 18.590 14.660 46.500

126 12.280 12.340 16.960 18.220 14.590 46.750

127 11.860 12.430 16.710 17.950 14.210 47.000

128 11.430 12.090 16.520 17.790 14.100 47.250

129 11.630 12.370 16.320 17.600 13.830 47.500

130 11.500 12.480 15.990 17.330 13.670 47.750

131 11.310 12.290 15.610 17.050 13.300 48.000

132 11.510 12.480 15.660 16.780 13.190 48.250

133 11.570 12.560 15.390 16.560 13.050 48.500

134 11.730 12.510 15.090 16.460 12.820 48.750

135 11.610 12.590 14.880 16.050 12.610 49.000

136 11.850 12.680 14.660 15.790 12.490 49.250

137 11.540 12.440 14.560 15.610 12.370 49.500

138 10.770 11.910 14.420 15.450 12.220 49.750

139 11.020 12.250 14.350 15.250 12.150 50.000

140 11.240 12.060 14.350 15.410 12.190 50.250

141 11.480 11.960 14.270 15.360 12.250 50.500

142 11.370 11.780 14.180 15.240 12.290 50.750

143 11.000 11.560 14.020 14.970 12.290 51.000

144 10.750 10.910 13.890 14.420 12.020 51.250

145 51.500

146 51.750

147 52.000

148 52.250

149 52.500

150 52.750

151 53.000
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Oct Truth & Cloud Radiances

Time Water Truth Grass Truth Asphalt Truth Car Side Truth Car Roof Truth D Water

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

0.000

1.000

2.000

3.000

4.000

5.000

6.000

7.000

8.000

9.000

10.000

11.000

12.000

13.000

14.000

15.000

16.000

17.000

18.000

19.000

20.000

21.000

22.000

23.000

42.655

41.546

41.096

41.106

41.897

42.111

41.438

41.914

44.514

41.345

39.002

39.965

39.187

41.824

43.364

43.180

42.698

41.954

40.213

41.164

42.650

42.190

42.846

43.229

43.862

43.050

42.921

43.559

42.204

43.997

41.741

42.223

44.514

43.542

40.554

40.846

38.874

44.324

44.953

43.502

42.698

40.376

39.892

40.528

42.021

42.190

42.531

43.551

42.655

40.042

40.184

41.413

40.977

40.854

40.530

41.604

43.606

41.973

41.795

45.834

47.636

51.825

53.852

54.781

52.437

47.319

43.746

44.340

44.536

43.775

44.103

44.194

47.784

45.457

44.137

44.479

44.044

43.997

43.557

44.080

46.632

58.291

56.066

52.583

49.514

49.325

50.356

50.914

49.609

47.004

45.995

45.293

44.850

45.678

45.046

45.481

42.957

40.644

41.096

42.333

41.284

41.168

40.833

40.367

43.001

45.111

44.276

45.834

46.072

47.762

47.813

46.403

45.525

42.270

40.213

40.211

40.450

40.922

41.588

41.942

49.292

48.766

49.003

49.386

50.176

50.912

50.518

51.197

52.382

48.563

45.207

43.487

39.500

47.762

42.728

44.147

43.640

42.585

43.746

48.469

49.250

50.117

50.705

51.271

LOU3TeAki "7 "PREOlCTlOMS uovTu ClUXibS



Oct Truth & Cloud Radiances

D Grass D Asphalt D Car Side D Car Roof Time

1 56.533 54.421 56.533 50.499 0.000

2 57.190 54.181 56.588 50.270 1.000

3 56.911 54.478 56.911 50.220 2.000

4 57.052 54.905 57.052 50.306 3.000

5 56.922 55.082 56.922 50.483 4.000

6 57.512 55.626 57.826 51.226 5.000

7 56.874 55.361 57.177 50.821 6.000

8 58.005 56.148 58.005 51.506 7.000

9 59.342 57.526 59.644 53.592 8.000

10 57.663 55.780 65.509 52.015 9.000

11 53.894 53.894 56.997 48.310 10.000

12 53.463 55.811 62.266 51.116 11.000

13 51.705 57.025 56.086 50.453 12.000

14 54.013 59.327 52.451 50.263 13.000

15 53.852 58.937 52.899 48.449 14.000

16 54.459 57.682 53.815 47.692 15.000

17 53.379 55.264 53.379 46.782 16.000

18 52.369 53.631 52.369 44.479 17.000

19 52.418 51.455 53.061 44.067 18.000

20 56.092 54.822 56.728 48.151 19.000

21 56.793 54.907 56.793 48.936 20.000

22 58.044 55.824 58.044 50.434 21.000

23 58.250 56.364 58.565 51.020 22.000

24 58.669 56.739 58.990 51.592 23.000

LCbsr^AM.-) 'PZ^icj-(oms Uocru CLdibS



Oct No Cloud Radiances

Time Grass Asphalt Car Door

1 0.000 34.995 33.224 34.995

2 1.000 36.249 33.991 35.955

3 2.000 36.609 34.617 36.609

4 3.000 36.593 34.801 36.593

5 4.000 36.015 34.653 36.209

6 5.000 35.491 34.064 35.491

7 6.000

8 7.000 34.995 33.410 34.902

9 8.000 35.005 33.514 35.192

10 9.000 .36.22034.749 42.103

11 10.000 37.161 37.161 39.684

12 11.000 39.198 41.292 46.376

13 12.000 40.968 44.983 44.285

14 13.000 42.428 46.403 41.151

15 14.000 42.207 45.855 41.365

16 15.000 41.924 44.194 41.391

17 16.000 41.474 42.889 41.474

18 17.000 40.952 41.196 41.317

19 18.000

20 19.000 38.706 37.720 39.035

21 20.000 37.624 36.360 37.834

22 21.000 37.455 35.807 37.558

23 22.000 35.580 34.317 35.774

24 23.000 36.210 34.642 36.210

Loj^tran 'P^^cnnoMs umthojt C^Oj^S



Oct Thermistor Data

Time Car Side Asphalt-Back Side Window Front Window Asph;alt-Front Asphalt-Sun

1 5.000 8.920 9.410 8.470 7.510 7.600 7.660

2 5.250 8.280 8.760 7.710 7.170 7.960 8.090

3 5.500 8.150 8.570 7.620 6.940 7.350 7.640

4 5.750 7.910 8.360 7.570 7.000 7.830 7.780

5 6.000 7.720 8.490 7.720 7.140 7.840 7.820

6 6.250 7.750 8.420 7.790 7.330 8.250 7.800

7 6.500 7.640 7.980 6.860 6.600 7.460 7.650

8 6.750 6.540 8.310 7.710 7.380 8.390 8.100

9 7.000 7.790 8.260 7.320 6.440 7.600 7.570

10 7.250 8.210 8.620 8.000 8.000 8.810 8.290

11 7.500 10.180 9.320 9.030 9.570 9.180 9.010

12 7.750 10.660 9.770 10.330 10.560 9.920 9.410

13 8.000 10.770 9.400 9.570 9.720 9.650 9.390

14 8.250 11.120 9.780 10.610 11.180 11.110 10.370

15 8.500 14.200 9.690 11.200 11.130 10.300 9.820

16 8.750 30.150 11.810 16.350 13.920 13.020 11.480

17 9.000 33.420 13.160 19.280 15.750 14.990 12.860

18 9.250 35.210 14.350 21.250 17.040 16.150 13.790

19 9.500 35.310 14.480 21.780 18.630 17.630 15.360

20 9.750 35.310 15.670 21.780 17.790 17.490 15.950

21 10.000 35.220 17.090 24.200 21.260 20.660 18.620

22 10.250 35.780 18.170 23.830 20.820 21.560 19.370

23 10.500 33.430 18.910 21.840 19.710 21.260 20.250

24 10.750 31.860 20.790 20.870 19.020 22.750 21.400

25 11.000 33.090 23.030 22.720 21.120 24.110 22.730

26 11.250 30.400 23.220 21.650 20.600 24.590 23.690

27 11.500 29.130 24.400 21.370 20.370 24.660 23.980

28 11.750 28.170 26.020 22.290 21.340 25.730 25.200

29 12.000 28.700 28.000 24.670 24.230 28.770 27.530

30 12.250 25.750 27.090 22.860 22.880 29.860 27.410

31 12.500 24.770 27.620 22.260 22.750 29.110 28.260

32 12.750 23.830 27.690 22.480 22.750 28.600 28.770

33 13.000 23.660 27.080 21.920 23.010 29.270 28.920

34 13.250 22.560 26.360 20.620 21.100 26.340 27.000

35 13.500 23.840 28.120 23.250 23.960 29.900 30.310

36 13.750 23.190 27.960 21.750 23.540 28.800 29.560

37 14.000 24.220 30.520 22.800 24.830 26.130 30.620

38 14.250 24.240 29.130 22.440 24.520 23.470 30.330

39 14.500 25.400 31.020 23.390 25.200 23.670 31.420

40 14.750 23.880 23.890 21.330 23.060 22.280 29.410

41 15.000 24.360 23.190 22.490 24.300 21.790 29.650

42 15.250 25.280 22.950 22.850 24.440 22.090 29.890

43 15.500 25.380 22.460 23.160 24.620 21.230 29.730

44 15.750 25.880 22.380 23.710 25.520 22.060 30.820

45 16.000 25.480 22.230 23.950 25.010 21.810 29.650

46 16.250 23.780 21.680 21.240 21.200 20.750 25.800

47 16.500 23.730 22.090 21.560 21.930 22.050 27.080

48 16.750 22.140 20.550 20.630 20.660 20.410 24.410

49 17.000 21.620 20.810 20.030 20.080 20.260 23.640

50 17.250 21.400 20.700 20.150 20.010 20.200 23.130

51 17.500 21.110 20.550 19.590 19.470 19.630 20.070

52 17.750 21.030 20.840 20.240 20.180 20.300 22.260

53 18.000 19.940 18.760 18.420 18.540 18.310 20.910

54 18.250 19.580 19.270 19.070 18.560 19.020 20.710

55 18.500 18.330 18.250 17.300 16.630 17.590 19.110

56 18.750 17.150 16.620 15.600 15.520 16.700 17.900



Oct Thermistor Data

13ar Tire Car Roof Roof Gravel !Polycarbonate Sand Brick Wood

1 8.280 7.400 7.690 7.780 8.210 7.700 6.740

2 8.810 7.560 7.990 7.930 8.570 7.900 7.030

3 8.320 7.030 7.730 7.580 8.340 7.740 6.470

4 8.260 6.800 7.660 7.310 8.150 7.660 6.250

5 8.210 6.540 7.600 7.350 7.960 7.580 6.270

6 8.170 6.720 7.460 7.360 8.100 7.530 6.210

7 8.220 7.300 7.650 7.420 8.290 7.580 6.450

8 8.510 7.400 7.830 7.570 8.470 7.740 6.750

9 8.100 6.600 7.520 7.520 8.070 7.480 6.580

10 9.180 8.850 8.090 8.280 8.540 7.700 7.340

11 10.790 10.700 9.710 10.350 9.540 8.600 9.070

12 11.400 10.180 9.820 10.060 9.500 8.710 8.960

13 11.660 10.040 10.170 10.190 9.790 9.310 9.220

14 12.550 11.170 11.120 11.000 10.650 10.430 10.550

15 13.590 11.890 10.820 10.670 10.250 10.120 9.770

16 33.240 13.040 16.270 13.860 12.000 14.880 13.160

17 39.850 14.990 20.250 12.930 13.440 18.240 15.320

18 41.240 16.240 21.870 12.780 13.560 20.410 15.930

19 45.530 17.890 24.160 13.440 14.570 22.750 18.100

20 41.780 17.660 23.960 13.470 14.640 22.890 17.690

21 46.130 20.960 26.030 14.750 16.890 25.260 19.600

22 43.640 21.140 26.680 14.650 18.180 26.090 19.650

23 40.440 22.650 25.810 14.670 18.500 25.280 19.150

24 38.980 23.030 26.510 17.210 20.220 25.890 19.660

25 40.320 26.190 27.640 20.030 21.820 26.950 21.000

26 34.400 25.350 27.370 20.230 22.750 26.260 20.520

27 27.350 24.800 26.650 26.300 23.050 25.780 16.580

28 24.320 25.520 27.210 28.830 23.930 25.910 16.660

29 23.900 30.330 28.540 27.890 26.000 27.380 18.870

30 22.460 26.760 27.470 22.290 25.980 26.140 20.750

31 21.870 27.120 26.880 20.800 26.780 26.670 21.660

32 21.570 27.940 26.580 20.760 27.100 25.900 21.240

33 21.670 27.620 25.730 20.860 26.450 25.470 21.590

34 20.790 24.620 23.870 19.350 24.590 24.000 19.810

35 22.230 29.520 26.320 21.780 28.530 24.520 22.030

36 21.700 27.360 25.110 20.980 27.720 23.730 21.150

37 22.200 30.000 25.290 21.540 28.220 23.530 21.490

38 22.130 29.460 25.180 21.430 28.270 23.210 21.430

39 22.770 29.460 25.010 21.950 28.150 22.620 21.560

40 21.830 26.930 23.200 20.720 26.410 21.550 20.230

41 22.330 27.230 22.890 20.600 26.750 21.800 20.120

42 22.490 27.140 22.440 20.530 26.730 22.040 20.000

43 22.480 27.520 21.920 20.710 26.510 21.940 19.290

44 23.070 28.930 22.060 21.490 27.180 22.600 20.100

45 22.850 26.020 21.700 21.090 26.270 22.710 19.670

46 21.170 21.870 20.750 19.350 22.450 22.300 19.080

47 22.230 23.520 21.350 20.390 22.130 22.830 20.110

48 20.940 20.450 20.510 18.650 21.650 18.500 18.090

49 20.050 20.170 19.980 18.570 20.070 21.120 17.970

50 20.400 20.280 20.100 19.040 20.310 20.970 18.860

51 19.650 19.500 19.300 18.530 19.340 17.320 18.210

52 20.150 19.940 19.780 18.990 19.590 18.140 18.590

53 19.050 19.020 18.800 18.350 18.810 18.140 17.370

54 19.500 16.970 18.750 16.890 18.100 19.390 16.500

55 17.780 15.260 17.120 15.210 16.410 18.240 14.800

56 16.670 14.450 16.380 15.000 15.690 17.430 14.180



Oct Thermistor Data

Cement Aluminum Water

1 7.070 9.480 10.000

2 7.310 8.600 10.110

3 6.760 8.000 9.350

4 6.790 8.160 9.370

5 6.890 8.310 9.500

6 6.520 8.310 9.630

7 6.800 7.830 9.200

8 7.200 8.060 9.460

9 6.480 8.010 9.470

10 7.600 10.110 11.030

11 8.360 11.430 10.690

12 9.020 11.900 11.230

13 9.080 11.330 11.220

14 10.540 12.110 10.610

15 9.640 12.110 11.110

16 11.100 17.070 11.010

17 15.270 18.490 10.860

18 18.010 19.280 11.230

19 20.460 20.370 11.470

20 20.740 20.100 11.700

21 23.680 20.920 12.060

22 22.910 21.990 12.310

23 22.720 19.540 12.810

24 23.970 22.270 13.480

25 24.680 25.270 13.980

26 23.930 21.560 14.370

27 23.680 21.650 15.020

28 25.150 23.150 15.920

29 27.380 26.360 16.220

30 25.530 22.220 16.600

31 26.000 22.590 16.670

32 24.990 21.710 17.070

33 25.110 22.460 17.370

34 23.330 20.780 17.430

35 24.540 22.110 18.510

36 23.620 21.710 18.840

37 23.780 21.510 19.620

38 23.350 21.450 19.690

39 23.290 22.240 20.200

40 21.570 21.860 19.070

41 21.360 21.380 19.730

42 21.220 21.940 19.770

43 21.130 22.250 19.980

44 21.620 23.710 20.480

45 21.720 22.370 20.840

46 20.660 19.210 19.350

47 21.390 22.750 19.810

48 20.200 18.260 18.750

49 19.790 18.780 18.560

50 20.030 19.440 18.910

51 18.990 18.540 17.560

52 19.290 19.510 18.350

53 18.210 18.500 16.640

54 18.300 18.100 17.510

55 16.720 16.270 16.660

56 15.830 15.640 15.830



Oct Thermistor Data

Time Car Side Asphalt-Back Side Window Front Window Asphiilt-Front Asphalt-Sun

57 19.000 17.060 17.770 16.760 16.530 17.530 18.300

58 19.250 16.330 16.710 15.960 15.780 16.620 17.180

59 19.500 15.740 16.600 15.780 15.160 16.260 16.920

60 19.750 15.670 16.240 15.450 14.960 16.220 16.460

61 20.000 15.620 16.640 16.190 15.510 16.630 16.750

62 20.250 15.300 15.820 14.140 13.440 14.850 15.120

63 20.500 15.020 15.810 14.540 13.830 15.500 15.340

64 20.750 14.880 15.770 14.650 13.910 15.520 15.140

65 21.000 14.300 14.280 13.900 13.380 14.590 14.620

66 21.250 14.550 15.110 14.140 13.580 14.780 14.420

67 21.500 14.730 14.240 13.850 13.490 14.160 14.110

68 21.750 14.900 14.460 14.580 14.320 14.740 14.460

69 22.000 15.120 14.620 14.550 14.260 14.640 14.570

70 22.250 15.870 15.080 14.710 14.400 14.650 14.500

71 22.500 19.500 16.340 18.300 16.700 17.230 15.230

72 22.750 21.780 16.460 19.880 17.590 18.320 15.200

73 23.000 23.220 15.280 21.060 18.750 18.610 14.980

74 23.250 23.830 15.290 21.180 19.010 18.320 14.680

75 23.500 24.090 14.930 21.660 19.510 17.710 14.390

76 23.750 21.690 15.220 20.230 19.920 16.670 14.370

77 24.000 20.070 15.150 19.170 19.900 16.430 14.860

78 24.250 20.570 15.710 19.730 20.050 16.780 15.200

79 24.500 20.120 15.660 19.680 19.980 16.990 15.660

80 24.750 19.250 15.410 18.160 18.310 16.130 15.140

81 25.000 19.280 15.770 18.510 19.090 16.800 15.650

82 25.250 19.800 16.660 19.500 19.690 17.150 16.070

83 25.500 19.510 16.460 18.820 19.050 16.960 15.800

84 25.750 19.340 16.560 18.930 19.090 17.160 16.140

85 26.000 19.240 16.760 19.600 19.910 18.050 16.810

86 26.250. 19.030 15.490 17.180 18.220 16.480 15.720

87 26.500 19.560 16.580 18.630 19.250 17.370 16.170

88 26.750 18.780 15.610 17.700 18.560 16.460 15.880

89 27.000 19.540 16.790 18.870 19.560 17.870 16.500

90 27.250 19.220 16.470 18.710 19.300 17.470 16.660

91 27.500 18.980 16.510 18.470 18.790 17.200 16.320

92 27.750 18.950 16.650 18.590 18.900 17.230 16.410

93 28.000 18.480 16.450 17.650 18.130 17.160 16.150

94 28.250 17.520 15.700 16.960 16.980 16.220 15.400

95 28.500 17.630 16.710 17.940 17.390 16.710 16.000

96 28.750 16.620 15.040 15.810 16.080 15.500 14.710

97 29.000 17.040 15.800 16.170 17.060 15.960 15.290

98 29.250 16.740 15.260 16.480 16.960 16.210 15.500

99 29.500 16.580 15.150 16.170 16.810 15.800 15.090

100 29.750 16.680 15.690 16.540 16.360 15.710 14.940

101 30.000 16.570 16.020 16.420 16.290 15.820 14.900

102 30.250 15.160 14.140 14.570 14.610 14.500 13.900

103 30.500 15.970 15.000 15.890 15.760 15.390 14.660

104 30.750 16.090 15.290 15.750 15.810 15.420 14.560

105 31.000 15.360 14.500 14.870 14.910 14.670 14.070

106 31.250 15.920 14.390 15.080 14.630 14.500 13.890

107 31.500 15.340 14.380 15.190 14.830 14.660 13.910

108 31.750 15.770 14.300 15.080 15.000 14.830 14.040

109 32.000 16.550 15.330 16.380 15.900 15.640 14.920

110 32.250 17.820 16.170 17.200 16.810 16.420 15.520

111 32.500 17.920 14.820 16.950 16.540 15.490 14.870

112 32.750 33.490 17.710 22.120 19.910 18.320 16.650



Car Tire Car Roof

57 17.080 14.630

58 16.500 13.730

59 16.150 12.630

60 16.080 12.760

61 16.430 12.960

62 14.790 11.600

63 14.980 11.650

64 14.770 11.480

65 14.470 11.650

66 14.470 11.560

67 14.580 12.440

68 15.420 13.050

69 15.570 13.040

70 15.690 13.340

71 20.750 14.440

72 24.620 14.760

73 27.240 15.740

74 27.530 15.580

75 28.460 15.470

76 24.610 14.890

77 21.720 16.320

78 20.150 17.390

79 19.900 17.370

80 18.940 16.640

81 19.390 17.320

82 19.700 18.050

83 19.440 17.570

84 19.570 17.890

85 20.440 18.650

86 19.370 17.820

87 19.490 18.520

88 19.300 18.070

89 19.760 18.510

90 19.810 18.730

91 19.420 17.980

92 19.530 17.760

93 18.850 17.170

94 17.900 15.730

95 18.380 15.980

96 16.800 15.130

97 17.440 16.020

98 17.800 16.320

99 17.620 15.510

100 17.090 14.650

101 16.790 14.300

102 15.660 13.470

103 16.220 13.910

104 16.620 14.240

105 15.880 13.700

106 16.060 13.460

107 16.000 13.400

108 16.100 14.020

109 17.110 14.940

110 18.170 15.820

111 17.900 16.760

112 32.650 20.590

Oct Thermistor Data

Roof Gravel Polycarbonate Sand Brick Wood

16.510 15.270 15.930 17.300 14.210

15.940 14.820 15.340 16.430 14.070

15.890 14.970 15.110 16.130 13.900

15.740 15.080 15.260 16.190 14.310

15.690 14.470 15.210 15.850 14.000

14.310 13.300 14.000 14.600 12.360

14.300 12.950 14.230 14.780 12.360

14.040 13.110 14.020 14.250 12.260

13.600 12.990 13.740 13.840 12.530

13.640 13.390 13.750 13.820 12.740

13.780 14.270 13.630 13.660 13.410

14.650 14.640 14.260 14.300 14.230

14.900 14.900 14.260 14.370 14.140

15.110 15.310 14.430 14.550 14.310

15.960 15.670 14.850 15.220 14.870

16.010 15.800 14.920 15.500 14.910

16.170 16.030 14.870 15.440 15.290

16.020 16.080 14.410 15.120 15.140

16.050 15.670 14.380 15.220 14.620

15.680 15.370 14.340 15.040 14.330

16.240 16.430 14.910 15.560 15.520

16.670 17.280 15.210 15.790 16.340

17.390 17.620 15.690 16.270 16.800

17.270 16.780 15.190 16.110 15.920

18.130 17.860 15.710 16.830 16.720

18.750 18.400 15.970 17.370 17.230

18.340 17.980 15.630 16.730 16.610

18.780 18.270 15.890 17.430 17.210

19.390 19.050 16.610 18.240 18.230.

18.570 18.420 15.840 17.390 17.280

18.650 18.480 15.910 17.400 17.520

18.810 18.450 16.030 17.570 17.500

19.080 18.610 16.220 18.040 17.920

19.370 19.030 16.490 18.360 18.110

18.730 18.230 16.190 17.800 17.290

18.990 18.210 16.200 18.030 17.390

18.530 17.790 16.100 18.040 17.180

17.670 16.520 15.470 17.220 15.880

17.670 16.580 15.490 17.360 15.910

16.460 15.680 14.620 16.200 14.950

16.860 16.340 15.080 16.550 15.710

17.410 16.920 15.480 16.690 16.050

16.900 16.610 15.060 16.300 15.480

16.520 15.660 14.730 16.060 14.930

16.280 15.440 14.700 15.950 14.510

15.420 14.630 13.940 15.150 13.820

15.900 15.340 14.630 15.680 14.760

15.880 15.500 14.570 15.470 14.530

15.290 14.830 14.140 15.030 13.910

15.330 15.260 14.100 15.060 14.440

15.190 14.250 14.000 15.200 14.010

15.290 14.610 14.150 15.190 14.440

16.210 15.760 14.830 15.810 15.270

16.970 16.400 15.520 16.450 16.110

16.410 16.020 14.900 15.950 15.590

20.580 19.910 16.890 20.380 19.680



Oct Thermistor Data

Cement Aluminum Water

57 16.070 15.790 16.720

58 15.470 15.250 16.080

59 15.140 15.550 15.950

60 15.110 15.770 16.070

61 15.040 15.210 16.330

62 13.790 13.710 14.570

63 13.680 14.110 15.520

64 13.390 13.970 14.770

65 12.980 13.980 14.210

66 13.070 14.570 14.460

67 13.040 14.580 13.590

68 13.950 15.440 14.220

69 14.010 15.010 13.630

70 14.230 15.390 14.040

71 14.870 16.360 14.680

72 14.860 16.130 14.410

73 15.120 16.960 14.110

74 14.770 16.170 13.330

75 14.750 16.250 13.420

76 14.480 15.370 13.010

77 15.010 16.220 13.040

78 15.760 17.560 13.240

79 16.230 17.740 13.270

80 15.790 17.220 13.070

81 16.660 18.560 13.510

82 17.160 19.000 13.830

83 16.670 18.310 13.270

84 17.210 18.790 13.700

85 18.160 19.730 14.180

86 17.180 18.560 13.280

87 17.400 18.780 13.270

88 17.320 18.560 13.040

89 17.760 19.370 13.830

90 18.070 19.430 13.680

91 17.430 18.370 13.320

92 17.880 18.530 13.740

93 17.690 18.150 13.880

94 16.760 16.790 13.640

95 16.650 16.970 13.840

96 15.660 15.980 13.230

97 15.990 17.000 13.580

98 16.410 17.140 13.770

99 15.620 16.550 13.450

100 15.750 16.040 13.660

101 15.440 15.820 14.030

102 14.600 14.790 12.890

103 14.890 16.390 13.730

104 14.920 15.820 13.590

105 14.470 15.050 12.940

106 14.660 15.920 13.130

107 14.530 15.130 13.070

108 14.390 15.160 13.010

109 15.330 16.700 13.440

110 16.070 17.630 14.090

111 15.460 17.910 12.910

112 16.850 22.200 13.540



Oct Thermistor Data

Time Car Side Asphalt-Back Side Window Front Window Asph,alt-Front Asphalt-Sun

113 33.000 33.800 18.050 22.140 20.540 19.520 17.780

114 33.250 34.160 20.130 23.910 22.160 20.740 19.230

115 33.500 36.820 20.880 24.560 22.730 21.400 20.150

116 33.750 37.340 21.510 24.990 23.850 22.480 21.350

117 34.000 33.900 20.570 23.260 22.700 21.850 21.360

118 34.250 37.260 23.470 26.260 24.520 23.830 23.010

119 34.500 35.200 23.820 25.220 25.210 24.990 23.850

120 34.750 32.050 26.610 27.930 27.510 26.780 25.640

121 35.000 30.940 28.030 28.490 29.260 28.610 27.370

122 35.250 33.760 27.890 26.510 27.480 28.000 26.780

123 35.500 34.840 30.000 28.720 29.910 29.620 29.070

124 35.750 34.360 31.520 31.060 31.410 31.720 30.910

125 36.000 33.610 32.810 31.550 31.830 33.240 32.260

126 36.250 32.030 31.870 30.380 30.280 31.760 31.500

127 36.500 30.990 32.580 29.820 30.450 32.230 32.190

128 36.750 29.760 31.050 27.190 28.710 29.840 31.070

129 37.000 30.530 33.140 30.000 30.710 32.660 33.220

130 37.250 32.160 35.950 31.410 32.210 32.410 35.200

131 37.500 30.960 33.800 28.920 29.990 31.860 33.330

132 37.750 31.130 34.360 29.200 31.590 32.150 34.630

133 38.000 31.280 33.880 28.670 30.320 29.150 32.800

134 38.250 31.290 34.320 29.010 30.550 28.240 34.080

135 38.500 31.450 34.660 29.830 31.250 27.640 34.500

136 38.750 31.680 30.500 29.400 29.940 26.030 33.270

137 39.000 30.850 28.590 29.260 30.150 26.340 33.070

138 39.250 31.200 27.580 29.210 30.440 25.660 33.240

139 39.500 31.160 27.120 29.490 30.490 25.430 32.530

140 39.750 31.260 26.430 29.310 30.510 25.130 32.860

141 40.000 31.030 26.020 28.680 29.940 24.810 31.380

142 40.250 31.440 26.560 29.970 30.880 25.920 33.090

143 40.500 30.750 25.280 28.580 29.920 25.310

144 40.750

145 41.000

146 41.250

147 41.500

148 41.750 28.270 23.950 26.900 26.780 23.270 26.560

149 42.000 28.480 23.440 24.870 25.620 22.570 25.800

150 42.250 27.460 23.350 25.320 24.630 22.870 24.370

151 42.500 25.620 23.110 25.160 23.980 22.720 23.940

152 42.750 24.160 22.090 22.780 22.780 21.510 22.410

153 43.000 22.990 20.780 22.000 21.340 20.590 21.450

154 43.250 22.760 21.560 21.760 21.420 20.740 21.570

155 43.500 23.160 22.260 22.960 22.500 21.830 22.060

156 43.750 22.540 21.740 22.330 21.770 21.080 21.410

157 44.000 21.920 21.570 21.770 21.380 20.800 21.230

158 44.250 20.740 20.130 20.440 20.160 19.480 19.830

159 44.500 20.770 19.970 20.320 20.220 19.850 20.040

160 44.750 20.510 18.990 19.320 19.520 19.030 19.040

161 45.000 20.380 19.710 19.660 20.000 19.680 19.640

162 45.250 19.580 19.370 19.590 19.560 19.480 19.550

163 45.500 19.500 19.140 19.040 18.370 18.430 18.310

164 45.750 18.720 18.400 17.790 17.650 17.710 17.670

165 46.000 18.680 18.440 18.180 17.920 18.310 18.210

166 46.250 18.060 16.990 16.640 16.310 16.450 16.660

167 46.500 18.320 18.510 18.180 17.960 18.200 18.130

168 46.750 18.260 17.830 17.440 17.440 17.200 17.150



Oct Thermistor Data

Car Tire Car Roof Roof Gravel Polycarbonate Sand Brick Wood

113 35.170 21.950 22.520 19.800 18.450 21.600 21.350

114 35.450 22.740 23.520 20.570 19.250 23.600 21.930

115 37.500 24.220 24.360 19.140 20.390 25.090 22.760

116 38.510 25.970 25.180 19.460 21.440 27.050 23.370

117 35.420 25.480 25.150 18.990 21.430 26.130 23.110

118 37.270 27.380 26.420 19.440 22.680 27.630 23.960

119 36.260 29.210 27.510 20.240 23.290 27.350 24.560

120 37.160 30.810 28.180 20.870 24.580 29.230 25.210

121 37.500 32.730 29.540 22.240 26.790 30.470 26.900

122 31.340 31.930 28.480 21.720 26.020 29.140 25.720

123 29.790 34.720 30.310 23.990 27.780 30.350 27.340

124 29.340 35.790 31.800 26.380 29.690 31.450 28.580

125 28.510 36.090 32.300 26.910 30.350 31.820 28.700

126 27.300 35.500 31.500 26.780 30.460 30.790 28.020

127 26.940 34.570 31.190 26.850 30.260 31.150 27.760

128 26.080 32.640 29.710 25.490 29.710 29.900 26.310

129 27.540 34.380 30.900 26.880 31.430 31.080 27.280

130 28.790 35.340 32.720 28.320 33.100 31.610 28.610

131 27.290 34.750 30.450 26.880 31.480 29.950 27.170

132 28.170 34.630 30.630 27.290 32.200 30.370 28.040

133 27.100 33.460 29.240 26.890 31.820 28.980 26.970

134 27.490 33.820 29.260 26.800 31.640 28.450 27.190

135 27.650 33.580 29.200 26.970 32.230 28.530 27.450

136 27.030 32.640 28.350 26.830 31.500 27.920 27.150

137 27.800 31.690 28.130 25.920 30.720 27.360 25.920

138 27.380 32.700 27.230 25.920 30.830 27.100 26.090

139 27.220 32.640 26.880 26.290 30.530 26.970 25.940

140 27.460 32.330 26.690 26.230 30.230 26.840 25.080

141 26.720 31.020 26.030 26.290 29.770 26.860 24.990

142

143

144

145

146

147

148

28.100 31.290 26.600 26.810 29.320 27.270 25.480

25.680 25.510 24.990 24.480 23.940 25.750 23.660

149 25.630 24.140 24.490 24.200 23.330 25.850 23.160

150 26.190 22.570 24.120 22.870 21.870 25.380 22.390

151 24.530 21.740 23.580 22.140 21.380 24.980 21.590

152 23.070 20.470 22.240 21.500 20.370 23.580 20.490

153 21.650 19.350 21.100 20.400 19.490 22.230 19.220

154 21.640 18.720 21.270 20.260 19.170 22.070 18.910

155 22.930 20.070 22.330 21.600 20.160 22.840 20.580

156 22.300 19.390 21.590 21.130 19.780 21.930 20.030

157 21.840 19.080 21.230 20.310 19.470 21.450 19.160

158 20.660 17.890 20.320 19.500 18.690 20.610 17.870

159 20.940 18.190 20.050 19.420 18.480 20.140 17.890

160 20.120 17.800 19.470 18.620 17.840 19.570 17.530

161 20.730 17.990 19.730 18.760 17.910 19.340 17.070

162 20.520 17.050 19.700 19.010 18.240 19.710 17.460

163 19.160 16.280 18.580 17.610 17.370 18.720 16.130

164 18.480 15.630 17.680 16.820 16.570 17.760 15.430

165 18.900 15.390 18.290 17.740 17.120 18.370 16.430

166 17.720 14.870 17.290 16.700 16.150 17.020 15.310

167 18.760 15.740 18.300 17.580 17.000 18.120 16.370

168 17.860 15.490 17.210 16.640 16.120 17.050 15.430



Oct Thermistor Data

Cement Aluminum Water

113 20.840 22.400 13.480

114 22.910 23.090 13.830

115 24.280 23.750 13.540

116 25.700 24.890 13.780

117 25.570 23.790 14.040

118 26.420 24.030 14.700

119 26.930 24.590 14.970

120 28.030 26.030 15.970

121 30.250 26.980 17.340

122 28.930 25.610 17.740

123 30.110 28.000 18.550

124 31.550 28.860 19.780

125 31.820 29.250 20.360

126 30.360 28.020 20.430

127 30.310 27.990 20.700

128 29.150 26.160 20.480

129 29.530 26.960 21.720

130 30.700 28.280 23.090

131 29.180 26.450 21.900

132 29.740 27.510 22.930

133 28.660 27.830 22.500

134 28.120 28.140 22.900

135 28.750 28.760 23.450

136 27.750 28.490 23.300

137 26.400 26.360 22.870

138 26.120 26.850 22.680

139 26.150 27.360 22.890

140 25.990 26.880 22.590

141 25.900 26.920 22.580

142 26.550 28.830 23.260

143

144

145

146

147

148 25.430 26.180 21.380

149 25.160 25.970 21.610

150 24.010 23.830 20.510

151 24.030 23.170 20.930

152 22.310 20.910 20.070

153 20.840 19.640 18.860

154 20.940 20.820 18.890

155 21.740 22.170 19.960

156 21.110 22.130 19.420

157 20.470 20.850 19.110

158 19.340 19.360 17.840

159 18.970 19.470 17.970

160 18.510 19.680 17.450

161 18.160 19.080 17.010

162 18.590 18.990 17.540

163 17.760 18.000 17.030

164 16.600 16.830 15.970

165 17.470 18.260 16.790

166 15.850 15.990 15.160

167 17.030 18.070 16.290

168 15.960 16.430 15.380



Oct Thermistor Data

Time Car Side Asphalt-Back Side Window Front Window Asphalt-Front Asphalt-Sun

169 47.000 17.910 16.180 15.400 15.630 15.850 15.940

170 47.250 17.340 16.080 15.810 16.370 16.110 16.320

171 47.500 18.200 18.230 18.250 18.260 18.090 17.770

172 47.750 17.410 16.040 15.050 15.850 16.410 16.110

173 48.000 17.390 16.340 16.740 16.770 16.680 16.620

174 48.250 17.550 16.810 16.560 16.650 16.380 16.540

175 48.500 17.840 16.650 16.330 16.290 16.010 15.870

176 48.750 17.270 16.530 16.460 16.550 16.200 16.190

177 49.000 17.680 16.470 16.210 16.790 16.680 16.410

178 49.250 17.660 16.780 16.600 16.760 16.370 16.120

179 49.500 17.180 16.050 15.600 15.940 15.730 15.400

180 49.750 16.990 15.660 15.650 15.620 15.450 15.160

181 50.000 17.260 15.890 15.810 16.500 16.400 16.160

182 50.250 17.060 16.270 16.480 16.450 16.220 16.050

183 50.500 16.770 15.680 16.190 15.860 15.540 15.590

184 50.750 16.710 16.530 17.410 16.720 16.880 16.350

185 51.000 16.960 16.460 16.430 15.870 15.720 15.260

186 51.250 16.670 16.310 16.410 15.690 15.990 15.370

187 51.500 15.890 14.160 13.960 13.800 14.280 13.740

188 51.750 15.660 14.980 14.700 14.350 14.880 14.360

189 52.000 15.160 14.960 14.510 14.040 14.570 14.150

190 52.250 15.160 15.170 14.760 14.090 14.480 14.120

191 52.500 14.890 14.640 14.400 13.910 14.420 14.110

192 52.750 15.120 15.330 14.570 14.620 15.160 14.680

193 53.000 15.350 14.860 14.760 14.740 15.080 14.610



Oct Thermistor Data

Car Tire Car Roof Roof Gravel Polycarbonate Sand Brick Wood

169 17.040 15.250 16.480 16.110 15.740 16.370 15.210

170 17.520 15.290 17.050 16.840 15.640 16.500 15.400

171 18.850 16.210 18.300 17.800 17.050 17.650 16.510

172 17.560 15.450 16.940 16.750 16.170 16.780 15.750

173 17.800 15.680 17.060 16.740 16.180 16.340 15.800

174 17.740 15.800 17.280 17.010 16.280 16.900 16.060

175 17.060 14.840 16.480 16.310 15.800 16.240 15.230

176 17.340 15.190 16.700 16.510 15.960 16.450 15.270

177 17.850 15.890 17.280 16.920 16.160 16.690 16.040

178 17.430 15.280 16.850 16.620 15.800 16.380 15.510

179 16.940 14.700 16.670 16.410 15.550 16.460 15.540

180 16.600 14.650 16.360 15.950 15.320 15.910 14.910

181 17.570 15.120 17.090 16.610 15.950 16.670 15.760

182 17.130 14.590 16.550 16.360 15.480 16.250 15.110

183 16.900 14.060 16.480 16.140 15.470 16.180 15.390

184 17.900 14.610 17.390 16.670 16.260 17.060 15.760

185 16.730 13.840 16.340 15.820 15.310 16.160 14.970

186 16.740 13.630 16.110 15.280 15.180 15.850 14.740

187 15.280 12.610 14.720 14.440 14.140 14.940 13.640

188 15.530 12.650 14.810 13.910 14.270 14.960 13.320

189 15.350 12.270 14.320 13.500 14.170 14.760 13.160

190 15.120 11.980 14.090 12.850 13.910 14.440 12.380

191 15.170 12.310 14.150 13.400 13.980 14.600 12.860

192 15.980 12.750 14.770 13.990 14.540 14.900 13.420

193 15.850 13.510 14.990 15.030 14.590 14.740 14.330



Oct Thermistor Data

Cement Aluminum Water

169 15.340 16.430 14.600

170 15.520 16.570 14.780

171 16.800 17.980 15.870

172 16.090 17.110 15.040

173 15.960 17.080 15.010

174 16.290 17.710 15.280

175 15.310 16.500 14.350

176 15.650 16.690 14.580

177 16.160 17.430 14.840

178 15.640 16.480 14.100

179 15.720 16.830 13.900

180 15.190 17.790 13.650

181 16.000 17.030 14.650

182 15.340 16.360 13.700

183 15.590 16.640 13.830

184 15.990 16.650 14.580

185 15.500 16.390 14.320

186 15.280 16.030 14.210

187 14.060 14.790 13.170

188 14.280 14.310 13.510

189 14.250 14.480 13.420

190 13.620 13.820 13.540

191 13.770 14.530 13.640

192 14.110 15.200 14.390

193 14.210 15.870 13.800
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APPENDIX I

DIRSIG Input Files

0.236

60.0000

90.0000

0.5000

850.0

1250.0

100.0

6

23

92

24

43.08333

77.66667

1

Example Scene Node File (October or June)

Sensor File (October or June)
5

1

0

1.000000

1.000000

1.000000

1.000000

1.000000

-22.96 -52.62 0.00

600.0 -2406.0 696.0

15.96 283.83 0.0

300.0

512 512

-70.00 0.00 0.00

-70.00 -5242.0 1844.04

19.38 270.00 0.0

250.0

512 512

October Autocad Dview File

June Autocad Dview File

June Generic Material Parameters File

41

painted_steel_roof

1

.1111

464.4



-0.40

concrete.ems

rubber

7

0.2986

1.3

1.198

1.0

0.95

0.99

-0.30

tire.ems

fiberglass

8

0.193

35.5

2.5879

1.0

0.5

0.95

0.5

radome_paint6.ems

plexiglas

9

0.35

5.939

1.19

1.0

0.83

0.95

0.5

plexiglas. ems

sand

10

0.19

2.67

1.51

1.0

0.60

0.90

-0.40

sand.ems

coniferous

1 1

1.0

0.0

1.0

0.0

0.99

0.96

0.13

plant_leaf.ems

roof_gravel

12



0.86

0.91

-0.40

shingles. ems

tree_trunk

18

0.67

0.86

0.6

0.0

0.99

0.97

-0.15

bare_wood.ems

bush

19

1.0

0.0

1.30

0.0

0.9

0.96

0.17

plant_leaf.ems

glassl

20

0.2

12.04

2.6

1.0

0.18

0.79

0.25

glass.ems

pvc

21

0.2389

1.29

1.4

1.0

0.25

0.95

0.5

pvc.ems

road_concrete

22

0.16

0.0

1.6

1.0

0.9

0.94

-0.5

concrete. ems



1.0

1.0

0.18

0.79

0.40

glass. ems

bare_wood

29

0.6689

1.1

0.4

0.0

0.78

0.90

-0.40

bare_wood.ems

painted_steel_bumper

30

.1111

464.4

7.833

1.0

0.94

0.90

0.40

radome_paint6.ems

specular_wood

31

0.6689

1.1

0.4

1.0

0.50

0.90

-0.30

gloss_paint_on_steel.ems

greyl_wood

32

0.6689

1.1

0.4

0.0

0.30

0.90

-0.40

greyl_panel.ems

grey2_wood

33

0.6689

1.1

0.4

0.0

0.30

0.90



0.6689

1.1

0.4

0.0

0.74

0.90

-0.40

green_panel.ems

red_wood

40

0.6689

1.1

0.4

0.0

0.54

0.90

-0.40

red_panel.ems

blue_wood

41

0.6689

1.1

0.4

0.0

0.84

0.90

-0.40

blue_panel.ems

June Optimum Materials Parameter File

41

painted_steel_roof

1

.1111

464.4

7.833

1.0

0.88

0.44

0.53

radome_paint6.ems

water

2

1.0

11.0

1.0

1.0

0.09

0.00

-0.57

water.ems

painted_wood

3



0.5

0.95

0.5

radome_paint6.ems

plexiglas

9

0.35

5.939

1.19

1.0

0.83

0.95

0.5

plexiglas.ems

sand

10

0.1911

2.84

1.51

1.0

0.76

0.90

0.39

sand.ems

coniferous

1 1

1.0

0.0

1.0

0.0

0.99

0.96

0.13

plant_leaf.ems

roof_gravel

12

0.34

17.2

1.0

0.0

0.90

0.90

-0.375

gravel. ems

dirt

13

0.2

0.0

1.35

1.0

0.73

0.90

-0.50

soil.ems



1.0

0.0

0.9

0.96

0.17

plant_leaf.ems

glassl

20

0.52

12.04

1.0

1.0

0.61

0.61

0.95

glass.ems

pvc

21

0.2389

1.29

1.4

1.0

0.25

0.95

0.5

pvc.ems

road_concrete

22

0.16

0.0

1.6

1.0

0.9

0.94

-0.5

concrete. ems

muddy_water

23

1.0

0.0

1.0

1.0

0.9

0.8

-0.5

muddy_water.ems

camouflage_nets

24

0.3106

0.51

0.03

0.0

0.8

0.8



.1111

464.4

7.833

1.0

0.88

0.44

0.69

radome_paint6.ems

specular_wood

31

0.67

0.86

0.6

1.0

0.72

0.87

-0.45

gloss_paint_on_steel.ems

grey l_wood

32

0.67

0.86

0.60

1.0

0.60

0.78

-0.77

greyl_panel.ems

grey2_wood

33

0.67

0.86

0.60

1.0

0.75

0.78

-0.77

grey2_panel.ems

grey3_wood

34

0.67

0.86

0.60

1.0

0.80

0.78

-0.77

grey3_panel.ems

grey4_wood

35

0.67

0.86

0.60

1.0



41

0.67

0.86

0.60

1.0

0.60

0.78

-0.77

blue_panel.ems

October Generic Material Parameters File

30

painted_steel_roof

1

.1111

464.4

7.833

1.0

0.74

0.44

0.50

water

2

1.0

5.13

1.0

1.0

0.50

0.96

-0.40

water. ems

painted_wood

3

0.6689

1.1

0.4

1.0

.74

0.90

-0.5

gloss_paint_on_steel.ems

grass

4

1.0

0.0

1.0

0.0

0.91

0.88

0.16

spring_grass.ems

asphalt

5



0.60

0.90

-0.40

sand. ems

coniferous

1 1

1.0

0.0

1.0

0.0

0.99

0.96

0.13

plant_leaf.ems

roof_gravel

12

0.20

17.2

1.7

0.0

0.90

0.90

-0.40

gravel. ems

dirt

13

0.2

0.0

1.35

1.0

0.73

0.90

-0.50

soil. ems

plastic

14

0.04

64.50

1.4

1.0

0.07

0.72

0.5

polycarbonate, ems

brick

15

0.2098

8.17

0.768

1.0

0.75

0.93

-0.40

brick.ems



1.4

1.0

0.25

0.95

0.5

pvc.ems

road_concrete

22

0.16

0.0

1.6

1.0

0.9

0.94

-0.5

concrete.ems

muddy_water

23

1.0

0.0

1.0

1.0

0.9

0.8

-0.5

muddy _
water, ems

camouflage_nets

2 4

0.3106

0.51

0.03

0.0

0.8

0.8

0.35

camouflage_nets.ems

decidous

25

1.0

0.0

1.0

0.0

0.88

0.96

0.15

plant_leaf.ems

earth_albedo

26

1.0

0.0

1.0

0.0

0.88

0.96



0.53

water

2

1.0

11.0

1.0

1.0

0.07

1.00

-0.46

water.ems

painted_wood

3

0.6689

1.1

0.4

1.0

.74

0.90

-0.5

gloss_paint_on_steel.ems

grass

4

1.0

0.0

0.16

0.0

1.00

0.98

0.08

spring_grass.ems

asphalt

5

0.22

5.93

2.114

1.0

0.93

0.93

0.40

asphalt_new.ems

concrete

6

0.16

15.48

1.6

1.0

0.90

0.99

-0.44

concrete. ems

rubber

7

0.2986



0.90

-0.375

gravel. ems

dirt

13

0.2

0.0

1.35

1.0

0.73

0.90

-0.50

soil.ems

plastic

14

0.04

64.50

1.4

1.0

0.07

0.72

0.5

polycarbonate, ems

brick

15

0.2098

8.17

0.768

1.0

0.79

0.93

-0.34

brick.ems

aluminum

16

.2198

2064.0

2.7

1.0

0.15

0.10

-1.0

alum_poli shed, ems

shingles

17

0.35

6.36

1.3

1.0

0.86

0.91

-0.50

shingles. ems

tree_trunk



1.0

0.9

0.8

-0.5

muddy_water. ems

camouflage_nets

24

0.3106

0.51

0.03

0.0

0.8

0.8

0.35

camouflage_nets.ems

decidous

25

1.0

0.0

1.0

0.0

0.88

0.96

0.15

plant_leaf.ems

earth_albedo

26

1.0

0.0

1.0

0.0

0.88

0.96

0.15

albedo_80.ems

painted_steel_side

27

.1111

464.4

7.833

1.0

0.74

0.44

1.0

radome_paint6.ems

glass2

28

0.52

12.04

1.0

1.0

0.61

0.61

0.52



022923e-

448905e-

0.236000

8.000000

11.764706

850.000000
1250.000000
100.000000
5

60.000000
90.000000
0.500000

89.500000

60

8.000000 1250.00000

8.695652 1150.00000

9.523810 1050.00000

10.526316 950.00000

11.764706 850.00000

60.000000 0.036000

0.939622 3.626759e-

0.984194 1.032084e-

0.990570 6.513643e-

0.991000 6.325278e-

0.984540 1.053611e-

60.500000 0.036554

0.940103 3.597876e-

1

6

6

1

61.000000 0.037128

0.938474 3.695718e-

1

6

6

1

61.500000 0.037723

0.938424 3.698677e-

0.983852 1.053782e-

0.990342 6.665927e-

0.990776 6.477582e-

0.984181 1.077663e-

62.000000 0.038341

0.938115 3.717262e-

0.983764 1.059345e-

0.990283
6.705012e-

0.990718 6.516768e-

0.984088
1.083862e-

62.500000 0.038982

0.936774
3.797772e-

0.983379
1.084214e-

0.990025
6.880738e-

0.990465
6.692487e-

0.983683
1.111278e-

63.000000 0.039648

0.936725
3.800726e-

0.983365
1.084904e-

0.990016
6.885362e-

0.990456 6.697328e-

0.983668
1.112153e-

63.500000 0.040341

0.935656
3.864916e-

0 983057 1.104729e-

0.989809
7.025827e-

0.990253
6.837934e-

0 983344
1.134099e-

64.000000 0.041061

Example Radiance File

0.984331

0.990661

0.991089

0.984684

0.983866

0.990351

0.990785

0.984196

0 5.665590e-05 0.177748

0 4.074227e-05 0.515285

0 2.836668e-05 0.524502

0 1.903113e-05 0.547495

0 1.225699e-05 0.487878

05 6.013345e-ll

05 6.498824e-10

06 4.093048e-10

06 2.595901e-10

05 1.286477e-10

05 6.095278e-ll

05 6.557455e-10

06 4.130969e-10

06 2.625609e-10

05 1.300856e-10

053077e-

661248e-

472777e-

076789e-

05 6.568922e-ll

05 7.034985e-10

06 4.434930e-10

06 2.824607e-10

05 1.399115e-10

05 6.759728e-ll

05 7.208114e-10

06 4.544365e-10

06 2.901322e-10

05 1.436798e-10

05 7.004814e-ll

05 7.440328e-10

06 4.692097e-10

06 3.001731e-10

05 1.486201e-10

05 7.479495e-ll

05 7.907085e-10

06 4.988949e-10

06 3.198772e-10

05 1.583577e-10

05 7.698166e-ll

05 8.098633e-10

06 5.111248e-10

06 3.284295e-10

05 1.625104e-10

05 8.145593e-ll

05 8.534346e-10

06 5.387938e-10

06 3.469565e-10

05 1.716442e-10



0.926834 4.394704e-05

0.980488 1.269051e-05

0.988065 8.201258e-06

0.988533 8.020129e-06

0.980610 1.318208e-05

70.000000 0.052628

0.926324 4.425336e-05

0.980338 1.278552e-05

0.987962 8.269758e-06

0.988431 8.089292e-06

0.980449 1.329003e-05

70.500000 0.053923

0.924217 4.551872e-05

0.979715 1.318742e-05

0.987534 8.561262e-06

0.988007 8.383413e-06

0.979780 1.374299e-05

71.000000 0.055288

0.923044 4.622306e-05

0.979368 1.341059e-05

0.987294 8.723574e-06

0.987770 8.547502e-06

0.979405 1.399598e-05

71.500000 0.056728

0.923223 4.611559e-05

0.979421 1.337339e-05

0.987331 8.695986e-06

0.987806 8.519873e-06

0.979463 1.395532e-05

72.000000 0.058249

0.920845 4.754335e-05

0.978713 1.383019e-05

0.986841 9.029440e-06

0.987320 8.857026e-06

0.978698 1.447290e-05

72.500000 0.059859

0.920143 4.796497e-05

0.978503 1.396408e-05

0.986696 9.126727e-06

0.987176 8.955696e-06

0.978471 1.462529e-05

73.000000 0.061565

0.919121 4.857854e-05

0.978197 1.415874e-05

0.986483 9.268902e-06

0.986965 9.099664e-06

0.978139 1.484780e-05

73.500000 0.063377

0.916513 5.014474e-05

0.977413 1.466336e-05

0.985936 9.639762e-06

0.986421 9.475558e-06

0.977287 1.542348e-05

74.000000 0.065303

0.914377 5.142713e-05

0.976768 1.507774e-05

0.985485 9.945342e-06

0.985970 9.785880e-06

0.976583 1.589838e-05

74.500000 0.067356

0.914853 5.114124e-05

0.976912 1.497994e-05

0.985586 9.872178e-06

0.986071 9.711717e-06

0 976740 1.578833e-05

75.000000 0.069547

1.420345e-10

1.408733e-09

8.934885e-10

5.908615e-10

2.911367e-10

1.477706e-10

1.458635e-09

9.254721e-10

6.133135e-10

3.021317e-10

1.597437e-10

1.568652e-09

9.957283e-10

6.613440e-10

3.256186e-10

1.686426e-10

1.648564e-09

1.046879e-09

6.968550e-10

3.430089e-10

1.724210e-10

1.678170e-09

1.066010e-09

7.110936e-10

3.498740e-10

1.873060e-10

1.813193e-09

1.152180e-09

7.703714e-10

3.788722e-10

1.956474e-10

1.884193e-09

1.197758e-09

8.025995e-10

3.947308e-10

2.055910e-10

1.971021e-09

1.253785e-09

8.418951e-10

4.138110e-10

2.235367e-10

2.132682e-09

1.357016e-09

9.132766e-10

4.487037e-10

2.402821e-10

2.281171e-09

1.452203e-09

9.793928e-10

4.809371e-10

2.443060e-10

2.308419e-09

1.469992e-09

9.935522e-10

4.877501e-10



0.888169

0.968602

0.979632

0.980090

0.967491

81.00000
0.883068

0.966960

0.978429

0.978871

0.965627

81.50000

0.880444

0.966109

0.977802

0.978235

0.964656

82.00000

0.876569

0.964843

0.976866

0.977284

0.963208

82.50000

0.872636

0.963549

0.975904

0.976305

0.961721

83.00000

0.865442

0.961156

0.974114

0.974479

0.958955

83.50000

0.861371

0.959788

0.973083

0.973425

0.957364

84.00000

0.855352

0.957744

0.971536

0.971840

0.954978

84.50000

0.846619

0.954738

0.969243

0.969484

0.951443

85.00000

0.840455

0.952587

0.967590

0.967782

0.948898

85.50000

0.828155

0.948223

0.964208

0.964287

0.943693

86.00000

2

1

1

2

2

1

1

2

6.716110e

2.029476e

1.387661e

1.381058e

2.200663e

0 0.115064

7.022418e

134888e

468956e

464912e

326271e

0 0.121778

7.179932e
189140e-

510924e-

508309e

391356e

0 0.129335

7.412566e

2.270085e

1.573863e

1.573444e

2.488693e

0 0.137903

7.648704e

2.352844e

1.638519e

1.640480e

2.588641e

0 0.147699

8.080684e

2.506442e

1.759397e

1.766079e

2.774994e

0 0.159006

8.325037e

2.593864e

1.828546e

1.838114e

2.881813e

0 0.172202

8.686427e

2.724728e

1.932690e

1.946804e

3.042340e

0 0.187802

9.210742e

2.917570e

2.087400e

2.108668e

3.280355e

0 0.206527

9.580638e

3.055181e

2.198527e

2.225255e

3.451416e

0 0.229419

1.031899e

3.335277e

2.426842e

2.465492e

3.801961e

0 0.258041

05

05

05

05

05

05

05

5.373129e-10

4.812028e-09

3.079888e-09

2.132031e-09

1.041041e-09

5.957375e-10

5.312171e-09

-05 3.401494e-09

-05 2.358702e-09

-05 1.151183e-09

-05 6.339684e-10

-05 5.631082e-09

-05 3.606844e-09

-05 2.505812e-09

-05 1.222191e-09

-05 6.864374e-10

05 6.073130e-09

05 3.891620e-09

05 2.708410e-09

05 1.320495e-09

05 7.416820e-10

05 6.538679e-09

05 4.191867e-09

05 2.922102e-09

05 1.423890e-09

05 8.355991e-10

05 7.341484e-09

05 4.708453e-09

05 3.287872e-09

05 1.601011e-09

05 8.995675e-10

05 7.876688e-09

05 5.054261e-09

05 3.534538e-09

05 1.720088e-09

05 9.909366e-10

05 8.645382e-09

05 5.549214e-09

05 3.887168e-09

05 1.890888e-09

05 1.121111e-09

05 9.756798e-09

05 6.266118e-09

05 4.395724e-09

05 2.136524e-09

05 1.225974e-09

-05 1.063862e-08

-05 6.835005e-09

-05 4.801890e-09

-05 2.332415e-09

-04 1.426745e-09

-05 1.235002e-08

-05 7.938816e-09

-05 5.584908e-09

-05 2.710256e-09



7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

0.

2.

7.

7.

6.

8.

15

2.

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

000000

073157

568320

057924

540189

062773

.00000

110753

1

6

4

2

1

6

4

e-05 1.

e-05 6.

e-05 4.

e-05 2.

90.000

e-04 9.

e-05

e-05

e-05

e-05

120.00

e-04 9.

e-05

e-05

e-05

e-05 2.

150.00

e-04 9.

e-05 1.

e-05 6.

e-05 4.

e-05 2.

180.00

e-04 9.

e-05 1.

e-05 6.

e-05 4.

e-05 2.

210.00

e-04 9.

e-05 1.

e-05 6.

e-05 4.

e-05 2.

240.00

e-04

e-05

e-05 6.

e-05 4.

e-05 2.

270.00

e-04 9.

e-05 1.

e-05 6.

e-05 4.

e-05 2.

300.00

e-04 9.

e-05 1.

e-05 6.

e-05

e-05

9

1

4

2

330.00

9.

1.

e-04

e-05

e-05 6.

e-05 4.

e-05 2.

360.00

e-04 9.

e-05

e-05

e-05 4.

e-05 2.

0 0.000

e-04 1.

1

6

170066e-08

808841e-09

634101e-09

263835e-09

000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

0000

579439e-10

170066e-08

808841e-09

634101e-09

263835e-09

000

184309e-09



7.755047e-05 1.704031e-08

7.245568e-05 1.000768e-08

6.718397e-05 6.834386e-09

8.272067e-05 3.360912e-09

15.000000 360.000000

2.110753e-04 1.184309e-09

7.755047e-05 1.424522e-08

7.245568e-05 8.325306e-09

6.718397e-05 5.675741e-09

8.272067e-05 2.779113e-09

30.000000 0.000000

2.231445e-04 1.549508e-09

8.366743e-05 1.839934e-08

7.862965e-05 1.080675e-08

7.304931e-05 7.378578e-09

8.958207e-05 3.619617e-09

30.000000 30.000000

2.231445e-04 9.889438e-10

8.366743e-05 1.230307e-08

7.862965e-05 7.154354e-09

7.304931e-05 4.864973e-09

8.958207e-05 2.369273e-09

30.000000 60.000000

2.231445e-04 7.569730e-10

8.366743e-05 9.401479e-09

7.862965e-05 5.445910e-09

7.304931e-05 3.688930e-09

8.958207e-05 1.801107e-09

30.000000 90.000000

2.231445e-04 6.928736e-10

8.366743e-05 8.392821e-09

7.862965e-05 4.862108e-09

7.304931e-05 3.283755e-09

8.958207e-05 1.614813e-09

30.000000 120.000000

2.231445e-04 6.861156e-10

8.366743e-05 8.227430e-09

7.862965e-05 4.768943e-09

7.304931e-05 3.218168e-09

8.958207e-05 1.586873e-09

30.000000 150.000000

2.231445e-04 7.086232e-10

8.366743e-05 8.645426e-09

7.862965e-05 5.008178e-09

7. -05
3.385147e-

-09

8. -05
1.661169e-

-09

30.000000 180.000000

2, -04
8.138042e-

-10

8. -05
1.014666e-

-08

7. -05
5.882320e-

-09

7. -05
3.989504e-

-09

8. -05
1.944756e-

-09

30.000000 210.000000

2.231445e-04 1.124514e-09

8.366743e-05 1.387175e-08

7.862965e-05 8.087129e-09

7.304931e-05 5.506697e-09

8.958207e-05 2.684655e-09

30.000000 240.000000

2.231445e-04 1.858466e-09

8.366743e-05 2.143803e-08

7.862965e-05 1.264981e-08

7.304931e-05 8.649350e-09

8.958207e-05 4.262987e-09

30.000000 270.000000

2.231445e-04 3.006251e-09



9.646621e-05 1.666954e-08

9.161988e-05 9.733248e-09

8.545370e-05 6.627886e-09

1.040148e-04 3.218217e-09

45.000000 240.000000

2.471138e-04 2.848612e-09

9.646621e-05 3.202338e-08

9.161988e-05 1.905573e-08

8.545370e-05 1.305492e-08

1.040148e-04 6.455859e-09

45.000000 270.000000

2.471138e-04 7.054817e-09

9.646621e-05 6.299466e-08

9.161988e-05 3.847633e-08

8.545370e-05 2.654510e-08

1.040148e-04 1.354444e-08

45.000000 300.000000

2.471138e-04 1.000837e-08

9.646621e-05 8.009556e-08

9.161988e-05 4.943930e-08

8.545370e-05 3.420408e-08

1.040148e-04 1.768062e-08

45.000000 330.000000

2.471138e-04 5.272869e-09

9.646621e-05 5.120417e-08

9.161988e-05 3.100542e-08

8.545370e-05 2.134187e-08

1.040148e-04 1.077432e-08

45.000000 360.000000

2.471138e-04 2.143101e-09

9.646621e-05 2.534805e-08

9.161988e-05 1.497156e-08

8.545370e-05 1.023502e-08

1.040148e-04 5.020932e-09

60.000000 0.000000

2.921465e-04 3.112204e-09

1.229397e-04 3.780760e-08

1.187530e-04 2.246496e-08

1.115465e-04 1.536914e-08

1.340776e-04 7.494614e-09

60.000000 30.000000

2.921465e-04 1.362982e-09

1.229397e-04 1.826303e-08

1.187530e-04 1.065086e-08

1.115465e-04 7.236336e-09

1.340776e-04 3.477648e-09

60.000000 60.000000

2.921465e-04 1.043284e-09

1.229397e-04 1.328470e-08

1.187530e-04 7.745211e-09

1.115465e-04 5.225804e-09

1.340776e-04 2.551903e-09

60.000000 90.000000

2.921465e-04 1.078753e-09

1.229397e-04 1.256792e-08

1.187530e-04 7.374613e-09

1.115465e-04 4.948221e-09

1.340776e-04 2.476134e-09

60.000000 120.000000

2.921465e-04 1.117336e-09

1, -04 1 -08

1 -04 7 -09

1 -04 4 -09

1 -04 2 -09

60.000000 150.000000

2.921465e-04 1.052652e-09



1.939122e-04 2.208939e-08

1.925265e-04 1.311413e-08

1.836146e-04 8.793961e-09

2.153930e-04 4.327753e-09

75.000000 120.000000

3.894378e-04 1.802059e-09

1.939122e-04 2.256826e-08

1.925265e-04 1.338556e-08

1.836146e-04 8.966421e-09

2.153930e-04 4.434544e-09

75.000000 150.000000

3.894378e-04 1.640216e-09

1.939122e-04 2.191743e-08

1.925265e-04 1.299244e-08

1.836146e-04 8.723798e-09

2.153930e-04 4.259277e-09

75.000000 180.000000

3.894378e-04 1.589653e-09

1.939122e-04 2.377335e-08

1.925265e-04 1.397119e-08

1.836146e-04 9.442553e-09

2.153930e-04 4.466721e-09

75.000000 210.000000

3.894378e-04 2.510640e-09

1.939122e-04 3.819245e-08

1.925265e-04 2.255371e-08

1.836146e-04 1.534933e-08

2.153930e-04 7.184621e-09

75.000000 240.000000

3.894378e-04 7.853370e-09

1.939122e-04 9.776798e-08

1.925265e-04 5.941463e-08

1.836146e-04 4.075480e-08

2.153930e-04 1.963980e-08

75.000000 270.000000

3.894378e-04 5.274497e-08

1.939122e-04 3.486255e-07

1.925265e-04 2.243235e-07

1.836146e-04 1.561876e-07

2.153930e-04 8.072883e-08

75.000000 300.000000

3.894378e-04 2.560705e-07

1.939122e-04 8.876786e-07

1.925265e-04 6.032881e-07

1.836146e-04 4.264000e-07

2.153930e-04 2.347428e-07

75.000000 330.000000

3.894378e-04 2.491669e-08

1.939122e-04 2.195620e-07

1.925265e-04 1.380410e-07

1.836146e-04 9.549709e-08

2.153930e-04 4.798590e-08

75.000000 360.000000

3.894378e-04 4.962478e-09

1.939122e-04 6.827933e-08

1.925265e-04 4.098042e-08

1.836146e-04 2.802345e-08

2.153930e-04 1.331280e-08

90.000000 0.000000

6.002081e-04 6.531941e-09

6.433128e-04 1.086867e-07

6.762490e-04 7.245509e-08

6.880971e-04 3.854583e-08

6.738533e-04 1.601579e-08

90.000000 30.000000

6.002081e-04 2.072133e-09



APPENDIX J

Blackbody Data and Sensor Gain & Bias

June 1992 and October 1990 Data Collections

June 1992 Blackbody Data

Time LWIR 40C MWIR 40C LWIR 10C MWIR 10C

1.5e+l 1.83164c+2 8.2462e+l 4.7284e+l 0e+0

1.55e+l 1.82229e+2 8.68e+l 4.5635e+l 9.24e-l

1.625e+l 1.83746e+2 9.2793e+l 4.6446e+l 8.871e+0

1.675e+l 1.83756e+2 1.09507c+2 4.9903e+l 2.6563e+l

1.725e+l 1.86023e+2 1.13562e+2 5.0534e+l 2.7418e+l

1.775c+l 1.86421e+2 1.13615e+2 5.1429e+l 2.8111e+l

1.825e+l 1.83931e+2 1.12211e+2 8.2307e+l 2.6261e+l

1.9e+l 1.81848e+2 1.12502e+2 4.8116e+l 2.6377e+l

1.95e+l 1.82841e+2 1.09338e+2 4.7162e+l 1.813e+l

2e+l 1.82023e+2 1.20041e+2 4.7322e+l 3.0619e+l

2.05e+l 1.82581e+2 1.1631e+2 4.6524e+l 2.2378e+l

2.1e+l 1.81495e+2 1.00549e+2 4.5589e+l 7.48e+0

2.15e+l 1.81178e+2 9.3911e+l 4.4893e+l 2.106e+0

2.2e+l 1.77474c+2 9.8088e+l 5.177e+0 4.6789e+l

2.3e+l 2.29296e+2 1.44782e+2 1.13284e+2 5.3962e+l

2.35e+l 2.29737e+2 1.4225 le+2 2.29873e+2 5.1914e+l

2.4e+l 2.17241e+2 1.5442e+2 1.03106e+2 6.4678e+l

2.45e+l 2.26245e+2 1.51279e+2 1.09269e+2 6.1147e+l

2.5e+l 2.25893e+2 1.47728e+2 1.12674e+2 5.7689e+l

2.55e+l 2.273e+2 1.46925e+2 1.10152e+2 5.4729e+l

2.6e+l 2.25448e+2 1.43285e+2 1.08306e+2 5.0385e+l

2.65e+l 2.22886e+2 1.35577e+2 1.07082e+2 4.8869e+l

2.7e+l 2.25924e+2 1.40149e+2 9.2945e+l 4.5311c+l

2.75e+l 2.26453e+2 1.39853e+2 1.10393e+2 4.9575e+l

2.825e+l 2.2506e+2 1.37757e+2 1.09966e+2 5.5611e+l

2.875e+l 2.21963e+2 1.43501e+2 1.07605e+2 5.3773e+l

2.925e+l 2.23685e+2 1.43253e+2 1.08531e+2 5.4515e+l

2.975e+l 2.24881e+2 1.44673e+2 1.09463e+2 5.475e+l

3.025e+l 2.2541 le+2 1.48339e+2 1.10856e+2 6.1215e+l

3.1e+l 2.15606e+2 1.50384e+2 1.11832e+2 6.3773e+l

3.15e+l 2.24944e+2 1.57216e+2 1.13207e+2 7.473e+l

3.2e+l 1.68619e+2 1.71963e+2 3.948e+l 8.8884e+l

3.25e+l 1.80671e+2 1.65866e+2 3.9183e+l 9.516e+l

3.3e+l 1.63436e+2 1.87032e+2 4.1349e+l 1.06878e+2

3.35e+l 1.39033e+2 1.8807e+2 2.4468e+l 1.0255e+2

3.4e+l 1.3975e+2 1.91415e+2 2.5962e+l 1.0961e+2

3.45e+l 1.25037e+2 2.04572e+2 1.8891e+l 1.21892e+2

3.5e+l 1.251 12e+2 2.09776e+2 1.979e+l 1.33367e+2

3.55e+l 1.28482e+2 2.12899e+2 1.9353e+l 1.26725e+2

3.6e+l 1.26801e+2 2.17519e+2 1.9701e+l 1.33445c+2

3.65e+l 2.1175e+l 1.44642e+2 2.095e+l 1.41938e+2

3.725e+l 1.27825e+2 2.27687e+2 2.1247e+l 1.49209e+2



3.775e+l

3.825e+l

3.875e+l

3.925e+l

3.975e+l

4.025e+l

4.075e+l

4.125e+l

4.175e+l

4.225e+l

4.275e+l

4.325e+l

4.375e+l

4.425e+l

4.475e+l

4.525e+l

4.575e+l

4.625e+l

4.675e+l

4.725e+l

4.775e+l

4.825e+l

4.875e+l

4.925e+l

5e+l

5.05e+l

1.27849e+2

1.28069e+2

1.28808e+2

1.29988e+2

1.28874e+2

1.29924e+2

1.28557e+2

1.30265e+2

1.18363e+2

1.3354e+2

1.2646e+2

4.3185e+l

1.20966e+2

1.18154e+2

1.18344e+2

1.16014e+2

1.16799e+2

1.21314e+2

1.14936e+2

1.14662e+2

1.643 12e+2

1.65689e+2

1.6452 le+2

1.65801e+2

1.98121e+2

1.9866e+2

2.36099e+2

2.31486e+2

2.28561e+2

2.28217e+2

2.30782e+2

2.32462e+2

2.24895e+2

2.29536e+2

2.20024e+2

2.36151e+2

2.21945e+2

2.07092e+2

2.02654e+2

1.99582e+2

1.97026e+2

2.03393e+2

1.97758e+2

1.99902e+2

1.92525e+2

1.89921e+2

1.91586e+2

1.92179e+2

1.90866e+2

1.89448e+2

1.88083e+2

1.91363e+2

2.2179e+l

2.3424e+l

2.165e+l

2.2008e+l

2.3426e+l

2.1401e+l

2.0711e+l

2.1953e+l

2.165e+l

2.3144e+l

2.0677e+l

2.0569e+l

1.8652e+l

1.9104e+l

1.7833e+l

1.7549e+l

1.7403e+l

1.739e+l

1.6176e+l

1.6684e+l

4.7898e+l

4.8613e+l

4.9626e+l

4.8617e+l

1.03125e+2

1.04606e+2

1.58231e+2

1.51786e+2

1.45327e+2

1.52935e+2

1.49052e+2

1.50277e+2

1.40813e+2

1.42566e+2

1.43626e+2

I.5444 le+2

1.31992e+2

1.21214e+2

1.1796e+2

1.15843e+2

1.1632e+2

1.16851e+2

1.14948e+2

1.15456e+2

1.06052e+2

1.06899e+2

1.07358e+2

1.07437e+2

1.06111e+2

1.04369e+2

8.0498e+l

7.9563e+l
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June Gain/Bias

Time Gain Bias

1 0.000 4.857 -12.590

2 0.500 4.978 -9.309

3 1.000 4.818 -2.093

4 1.500 4.985 -8.593

5 2.000 4.985 -10.439

6 2.500 4.928 -10.305

7 3.000 5.659 -41.855

8 3.500 4.939 -7.256

9 4.250 4.898 -6.706

10 4.750 4.866 -8.305

1 1 5.250 4.900 -8.189

12 5.750 4.911 -7.519

13 6.250 4.875 -5.268

14 7.000 4.417 6.585

15 7.500 4.755 -0.059

16 8.000 5.495 -91.413

17 8.500 5.391 -89.233

18 9.000 5.195 -82.398

19 9.500 4.875 -91.656

20 10.000 4.842 -89.376

21 10.500 4.517 -88.706

22 1 1.000 4.482 -86.973

23 1 1.500 4.644 -91.269

24 12.000 4.557 -88.849

25 13.250 4.535 -84.779

26 13.750 4.497 84.941

27 14.250 4.453 -82.648

28 14.750 4.560 -86.971

29 15.250 4.595 -87.447

30 15.750 4.486 -83.398

31 16.250 4.618 -88.602

32 16.750 4.589 -88.601

33 17.250 4.609 -87.835

34 17.750 4.1 15 -76.371

35 18.250 4.698 -88.764

36 18.750 4.501 -86.539

37 19.250 0.962 -2.346

38 19.750 4.354 -85.062

39 20.250 4.215 -81.299

40 20.750 4.277 -84.047

41 21.250 4.190 -82.258

42 21.750 4.230 -83.357

43 22.250 4.422 -87.944

44 22.750 4.203 -83.941

45 23.250 4.169 -82.623

46 23.750 4.954 -70.108

47 24.000 4.982 -70.060



Oct Gain/Bias

Time Gain Bias

1 0.00 3.315 -39.383

2 1.00 3.324 -36.102

3 2.00 3.288 -32.124

4 3.00 3.261 -31.052

5 4.00 3.261 -32.638

6 5.00 3.182 -32.983

7 6.00 3.304 -39.913

8 7.00 3.232 -39.452

9 8.00 3.305 -48.098

10 9.00 3.187 -29.750

11 10.00 3.223 -15.715

12 11.00 3.408 -15.199

13 12.00 3.196 8.778
14 13.00 3.199 7.188
15 14.00 3.146 9.562
16 15.00 3.103 9.010
17 16.00 3.183 6.091
18 17.00 3.169 9.064
19 18.00 3.1 13 6.800
20 19.00 3.148 -12.594

21 20.00 3.182 -20.707

22 21.00 3.154 -24.058

23 22.00 3.181 -30.285

24 23.00 3.109 -29.391

25 24.00 3.145 -31.322

26 25.00 2.783 -29.893

27 26.00 3.097 -32.953

28 27.00 3.105 -33.574

29 28.00 3.091 -48.308

30 29.00 3.006 -36.259



APPENDIX K

Data Collection Instrumentation Specs

Inframetrics Infrared Camera: Model 600-L

CI Systems SR80-4D Blackbody

Eppley Precision Pyranometer: Model PSP

Infrared Systems Compurad Spectroradiometer

Barnes PRT-5 Radiometer

YSI Series 400 Thermistors: Model 409B



CI SYSTEMS SR 80

4. SPECIFICATIONS

The following specifications are defined for the SR 80-4D

model in differential control mode. The same specifications

apply to absolute control mode in reference to the ambient

temperature unless otherwise specified.

Note:

Differential Temperatures are referred to as dT.

Differential Temperature Range:

Absolute Temperature Range:

Set-Point Resolution:

Read-Out Resolution:

| dT j < 20C

Short Term Temperature Stability:

< 10C_
X~loc

Long Term Temperature Stability:

Per IC Ambient Change (<2C/hr)

Per Year:

Line Voltage Sensitivity

(for 10% voltage changes) :

Calibration Accuracy:

5C <

Absolute, full range:

dT < 5C

dT < IOC

dT > IOC

-20C to +75C

(optional -35C to +100C)

+5C to +100C

(optional -IOC to +125C)

0.01C

0.01C

(optional -

0.001C)

0.003C

0.01C

0.05C

0.002C

0.04C

0.01C

0.008C

0.02C

0.03C

0.04C

550-490-0010

APRIL, 1989
4-1

OPERATION MANUAL



PRICE INCLUDING HANDLING $1.00

INSTRUCTIONS FOR YSI SERIES 400

TEMPERATURE PROBES

GENERAL DESCRIPTION

YSI Series 400 probes are recommended lor direct tempera-

lure measurement and control with YSI Tole-Thermometore. tern.

perature controllers, or with other Instruments specifically

designed tor use with these probes. Three clssses of probes are

offered: Standard. Disposable, and Super-Stable. All YSI Series

400 probes are electrloally Interchangeable.

Standard Series 400 probes come In many designs for a wide

variety of applications. Probe modifications to suit specific pur

poses may be specially ordered for many of these probes.

Dlspossble probes are designed for eingle-uee applications.

They are furnished In packages of 20 probes, each In a separate

sterile pouch.

Super-Stable probes are usable as secondary or transfer stan

dards and for those applications where long-term stability la es

sential. See Individual descriptions.

Maximum measurement temperatures or measurement tern-

erature ranges are Indicated In the Individual descriptions for

each probe.

Construction

The thermistor, which Is the temperature sensing element In

each probe, Is a small alntered metallic oxide dlak that decreases

In electrical resistance as the temperature Increases. Thermistors

are located within the tips of the flexible and tubular probes. In

probes with a disk-shaped tip, the thermistors are near the

comers ol the dlaks: some of these probes have epoxy on one

side ot the disk; the other, metal side should be used (or making

measurements, - $,. ,

Probes have vlrtyl-|aoketed leads, unless otherwise apedfled.

Leads are terminated with a phone plug, except for the disposable

models whkah plug Into a
10'

reusable Instrument oable. Standard

probe leada are
10'

long. Disposable probe leads are 3', and
Super-

Stable probe leada are
5'

long. The vinyl-covered lead wires and

phone plugs should not be exposed to temperatures above 100*C.

Except as otherwise Indicated In the Individual descriptions,

probes are constructed with the thermistor eleotrlcally Isolated

from the outer probe surfaces. However, since this Isolation could

be loat If the probe la damaged by abuse or mishandling, the in

strument with which It la used muat provide ground fault Isolation.

(Consult Instrument speollloatlona.) In medical use, the patient

ahould ba Isolated from aooldental eleotrloal grounds.

PROBE CHARACTERISTICS

Interchangeablllty and Stability

, YSI's unique manufacturing process produces thermistors with

matching temperature/resistance characteristics. Standard

Series 400 probes are lnlerchanfleab|e..tojjHMP.0,1'C at mea-

surernenOimwTeTuf^
"0.28*0 at -40*C enor0.4"C at +1B0,C7Air6rob** are warranted

to remain within Interchangeablllty tolerances for a year.

Super-Stable probe models are typically atable within 0.0 1 5*C, and

warranted to an Interchangeablllty within 0 06"C, for three years at

use and slorage lemperaturea
between 0 and 70"C. Al temperatures

between 70 and 150X, their atablllty Is typically within 0.03*C for al

lenel a year.

DlBDoasble probe models sre interchsngeeble within 02C

between 34 and 41C. and within 0,6'C from 20 lo 34C and

from 41 to46C

Time Constant

Time conetant, the standard
measure of probe response time. Is

the time required for a probe to read 63% of a newly Impressed

temperature change. YSI time constants
are derived from measure

ments Inwater mcrving past the probe
at 3 ft/sec, except In the rase

of airorgaa temperature
probes which aremeasured In air at standard

options flowing past the probe
at 3 ft/sec (equlvalentto tolB

Lrmln through a standard 22 mm respiratory airway ) The time con

stant in airdecreases aa^W*^^^*^&
constanta are required for a probe to

reach 09% ol thetotal change.

"mexonatantsaTs repreeentative valuesand are subject lo variation
because of small differences In probe

construction.

YSI Incorporated
Yellow Spring. tnn.Eimcn. Co.. Inc..

Yellow Spring.Ohio 1H7 1 ISA

PtK.nc SIS 7677241 -Htm
VtMIHI'-i SI A 77WVIVk. illVW

Stem Effect

Stem effect refers to the potential error In measurement caused

by heat transfer through the body or leads ot a probe. The leads of

some probes are relatively more massive for the sake of handling
ruggedness; such leeds Introduce potentially greater stem effects.

These effects may be lessened by minimizing the difference be

tween probe tip temperature and lead temperature by means ol

appropriate Insulation, Isolation or Immersion aa each application

dictates.

Temperalure/Reslstanoe Characteristics

The table below lists the temperature/resistance characteristics

for YSI 8erles 400 probes with standard leads. Probes with leads

hundreds of feet long can be provided, but It may then be neces

sary to consider errors Introduced by lead resistance, which Is ap

proximately 1 .0 ohms per hundred feet. Generally, this Is only sig
nificant at high temperatures.

YSI probes are calibrated against reference standards trace

able to NBS or lo accepted values of natural physical constants.

Temperature Versus Resilience: -40 to + 1 B0C

Temp. Res. Temp. Ras. Temp. Res. Temp. Res.

c Ohms c Ohms c Ohms c Ohms

-40 7S.80K + 10 4484 + 80 560.6 +110 115.2

39 70.94K 11 4275 61 640.7 111 112.0

38 66.42K 12 4078 82 521.7 112 109.0

37 62.22K 13 3868 63 603.5 113 106.1

36 S8.31K 14 3710 64 488.1 114 103.2

38 64.88K 16 3640 85 469.3 116 100.6

34 61.27K 16 3380 86 463.1 tie 97.8

33 48.11K 17 3227 67 437.7 117 95.2

32 4S.17K 18 3083 68 4228 tie 92.7

31 42.42K 19 2945 69 408.5 119 90.3

-30 39.86K +20 2815 + 70 394.8 + 120 87.9

29 37.47K 21 2891 71 361.6 121 85.8

28 36.23K 22 2673 72 388.8 122 83.4

27 33.16K 23 2461 73 356.6 123 81.3

26 31.20K 24 2354 74 344.9 124 79.2

28 28.37K 26 2263 76 333.6 125 75.2

24 27.87K 28 2167 76 322.7 128 75.2

23 28.07K 27 2065 77 312.2 127 73.3

22 24.S7K 28 1978 78 302.1 128 71.5

21 23.17K 29 1894 79 292.4 129 69.7

-20 21.86K +30 1815 + 80 283.1 +130 68.0

19 20.63K 31 1740 81 274.1 131 66.3

18 19.48K 32 1668 62 265.4 132 64.7

17 18.40K 33 1599 83 267.1 133 63.1

16 17.38K 34 1634 84 249.0 134 81.S

IS 18.43K 35 1472 85 241.3 135 60.0

14 15.S3K 36 1412 86 233.8 136 68.6

13 14.69K 37 1355 97 226.6 137 67.2

12 13.90K 38 1301 88 219.7 138 55.8

11 13.16K 39 1249 89 213.0 139 54.6

-10 12.49K +40 1200 + 90 206.5 +140 53.2

9 11.60K 41 1153 91 200.3 141 51.9

8 11.18K 42 1108 92 194.3 142 50.7

7 10.60K 43 1085 93 1885 143 49.6

6 10.05K 44 1023 94 182.8 144 48.4

S 9534 45 984.1 95 177.4 145 47.3

4 9046 48 946.6 96 172.2 146 46.2

3 8568 47 910.4 97 167.2 147 45.1

2 8162 46 876.0 96 162.3 146 44.1

1 7742 49 843.0 99 167.8 149 43.1

0 7388 +50 811.6 + 100 163.1 + 160 42.1

+ 1 6991 61 781.3 101 148.7

2 8646 52 752.4 102 144.4

3 6320 53 724.7 103 140.3

4 6012 64 698.1 104 136.4

S 5721 55 672.7 1 105 132.6

6 5446 56 848.3 1 106 126.8

7 5185 57 625.0 I 107 125.3

8 4939 68 602.6 108 121.8

9 4705 69 561.1 | 109 118.4
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EPPLEY PRECISION PYRANOMETER

Model PSP

""-*.

ft

Sensitivity
Impeaance

Receiver

Temperature dependance

Linearity
Response time

Cosine

Orientation

Mechanical vibration

Calibration

Readout

INSTRUMENT CHARACTERISTICS

9 microvolts per watt
meter"2

approx.

o50 ohms approx.

circular 1 cm"2, coated with
Parsons'

black

optical lacquer

+ 1 per cent over ambient temperature

range -20 to +40C (temperature compensation

of sensitivity can be supplied over other

ranges at additional charge

+0.5 per cent from 0 to 2800 watts m~2

1 second (i/e signal)

+ 1 per cent from normalization
0-70

zenith angle

+ 3 per cent
70-80

zenith angle

no effect on instrument performance

tested up to 20g's without damage

integrating hemisphere (approx. 700 watts/meter,
ambient temperature +25C) : calibration

reference Eppley primary standards

reproducing the World Radiation Reference



THE EPPLEY LABORATORY, INC.

12 Sheffield Ave., Newport, R. I. 02840, U.S.A. Telephone 401 847-1020

Scientific Instruments

(or Precision Measurements

Since 1917

INSTRUCTIONS FOR THE INSTALLATION asiD OPERATION

OF THE EPPLEY SHADOV7 BAND STAND FOR THE

MEASUREMENT OF DIFFUSE SKY RADIATION

1. General

This shadow band stand has been designed for use with

the
180

Eppley Pyranometers for exposure in the latitude range

0-6
0

N or S. The appropriate method for correcting for the

portion of sky screened by the shadow band and for evaluation

of measurements of diffuse sky radiation has been published

elsewhere . However, for convenience, tabular values of

the shadow band corrective factor, applicable to average condi

tions of partly cloudy skies, are given in this leaflet.

2 . Exposure

The shadow band stand should be mounted on a suitable

platform in the desired location. The latter is not supplied

but can easily be constructed of angle metal. Provision must

be made to permit movement of the radiometer vertically (see

Fig. 1). The width (i.e. the E-W axis) of the main supporting

stand must not exceed 21 inches.

The main supporting stand must be of rigid construc

tion, especially in regions where hiqh winds are experienced.

The supporting stand should be so oriented that the

main axis is as nearly N-S as possible. The other exposure

requirements of the shadow band sensor are similar to those

for the measurement of total sun and sky radiation.

3. Installation

The shadow band stand should first be placed on the

specially
constructed supporting stand (not supplied) referred

to above. Then it should be verified that the N-S orientation

1. Drummond, A.J., 1956: "On the measurement of sky radiation",

Arch. Met. Geoph. Biokl., Series B, 7, 413-436.

2. IGY Instruction Manual, 19 58, Vol. V, Pt. VI, "Radiation

Instruments and Measurements". London, Pergamon Press, 426-429

3. Drummond, A.J., 1964: "Comments on Sky radiation measurement

and ,
J. App. Meteor., J, biu-aii.



is closely correct (see Fig. 1) and that the base plate is level.

The latter should be secured rigidly to the supporting platform

with four bolts. It is recommended that slots rather than

holes be provided in the supporting platform, to enable a small

adjustment to be made for the N-S orientation, if necessary

(this is most easily accomplished through visual observations

of the symmetry of the shadow at or near sunrise , noon and

sunset) .

Next, the two wing nuts clamping the side bars carrying

the shadow band should be loosened and each bar reset so that

the
0

mark of the declination scale engraved on the bar is

opposite the index engraved on the plate with the latitude

scale. Both wing nuts should then be tightened.

The bolts clamping the latitude adjustment (0-60)

should be loosened and the appropriate latitude setting selected.

These bolts should then be tightened -

no further adjustment in

this plane is required unless the shadow band stand is removed

to another latitude.

The pyranometer should be placed on the small adjustable

platform and secured. The height of this platform should be

set (with the aid of the locking screw on the collar) so that

the receiver of the radiation sensor is approximately in the

center of the shadow band. Then the two bolts securing the

horizontal bars of the stand should be loosened and the bars

moved until the receiver of the sensor, as viewed through

the two small holes drilled in the band, lies in the vertical

plane determined by the positions of these holes. In order

to obviate skewness in this setting both bars carry similar

relative scales graduated from a common reference mark. Such

a provision is, also, made for the latitude and declination

settings. The exact height adjustment of the sensor should

be effected (this is also easily done by viewing the receiver

surface through the sighting holes) and the screw on the collar

tightened -

no further adjustment, in this connection, is

necessary unless the instrument location is changed. Finally,

it should be verified that the radiation sensor is properly

levelled (i.e. check of spirit level on instrument).

4 . Operation

The shadow band will require resetting along the polar

axis in accordance with the changing solar declination. Generally,

the shadow cast on the radiometer should be checked daily when

the sun is unobscured by clouds. However, the position of the

band can be adjusted in the absense of sunlight by reference

to the graduated declination scale.

5 m

Evaluation of records

In order to evaluate the assembled records of diffuse



radiation it is necessary to correct the measured values for

the fraction of the radiation which is screend by the shadow

band. In the following table, the theoretically derived values

for the 16th of each calendar month are presented. A small

correction (4 per cent) is included to relate isotropic to

real sky conditions. Multiplication of the basic measurements

by the tabulated factors will yield the desired evaluations

of diffuse sky radiation with sufficient accuracy for most

practical purposes (+ 2 per cent) .
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Shadow band corrective factors for average partly cloudy skies

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.

July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June

1.17 1.21 1.21+ 1.19 1.16 1.17 1.20 1.23 1.21 1.19 1.16

1.15 1.19 l.f3 1.23 1.20 1.18 1.19 1.21 1.23 1.20 1.16 1.11+

1.13 1.16 1.21 1.23 1.21 1.19 1.20 1.21 1.22 1.18 1.H+ 1.12

1.11 1.11+ 1.19 1.22 1.21 1.20 1.21 1.21 1.20 1.15 1.12 1.10

1.13 jl.10 1.08

1.11 1.08 1.06

1.09 1.12 1.17 1.20 1.21 1.20 Tl.2i7i.2ii 1.18

1.07 1.10 1.11+ 1.18 1.20 1.20 1.20 1. 19' 1.15

1.05 1.07 1.11 1.1? 1.19 1.20 1.19 1.17 1.13 1.09 1.06 1.01+

1.05 1.08 1.13 1.18 1.21 1.19 1.11+ l.H 1.06 1.01+

1.06 1.11 1.19 1.22 1.20 1.11+ 1.09 1.01+

1.05 l.H 1.20 1.23 1.21 1.15 1.07 -

The Eppley Laboratory, Inc.

Newport, Rhode Island



APPENDIX L

GOES Weather Satellite Cloud Images

1631 23JN92 19A-2 01573 28452 031





B031 23JN92 19A-2 01581 23461 CB1
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