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ABSTRACT: "Out-the-window" simulation - real-time representation of the environment in the visible spectrum - is so ubiquitous today that standard database parameters and models have found widespread use.  The OpenGL model, for example, has become a defacto standard, with ambient, diffuse and specular reflectivity and intensity now common - albeit simplified - terms for representing surface optical parameters and reflective light signature phenomenology.  Although much remains to be done yet to achieve a high degree of interoperability and reusability in visible simulation, these standards make for a greater chance of success.





Real-time IR simulation, on the other hand, faces much greater challenges with respect to interoperability and reuse. A representation of the environment in the IR spectrum invisible to the naked eye, it normally implies a sensor and the modeling of thermal emission (mid-and long-wave IR) in addition to reflection.  Models for thermal emission, atmospherics, and sensor effects vary greatly, and in general, lack the simplicity and defacto acceptance OpenGL has achieved.





Herein the authors suggest a definition of interoperability for IR simulation, and present some candidate standards toward this end.  In particular, the authors will present the findings of the IR Posse, including a Standard IR Data Dictionary.


�
�
1.0 Introduction





The “IR Posse” was commissioned in January1996 to investigate possible standards for IR simulation.  In the course of its meetings, it took on as its evolving mission (perhaps over optimistically) a number of objectives listed below:





Development of an IR Data Dictionary of material properties.


Expansion of the Dictionary Development to include the EO spectrum (visible and UV).


Expansion of the Dictionary to include the RF spectrum (Radar).


Development of a revised FACC material list with associated dictionary properties.


Development of a Recommended Meteorological/Atmospheric Dictionary in support of IR Simulation.


Development of an IR Sensor Dictionary in support of IR simulation.


Review of the Standard Interchange Format (SIF) Mil-Std 2851 Database Format


Review of Vector Product Format (VPF) for completeness toward EO/IR simulation support.


Recommendations to National Imagery and Mapping Agency (NIMA) as to which material/site properties need to be collected in support of IR simulation.


Recommend a Definition of Interoperability for IR simulation.


Recommended Standards and Processes for IR simulation interoperability and validation.





For an all volunteer group like the IR Posse, a continuous and coherent effort was difficult to maintain, but considerable progress was made nonetheless.  First, the Posse facilitated much-needed technical interchange between the developers of different commercial and government IR simulation models.  It was perhaps naïve to assume that an IR Data Dictionary could quickly be established that would accommodate all of the different perspectives of these model developers.  Indeed, there was much debate as to which terms should be included, and how they should be classified.  As to be expected, getting consensus takes significant work and time.





Second, the Posse completed objectives 1, 2, 5, 6, 7, 8, and 10 and has made progress toward objectives 3, 4, 9 and 11 which will be addressed in the future work section at the end of this paper. Objectives 1, 2, 5, and 6 (proposed EO/IR Data Dictionary Draft 1.0), and objective 10 (proposed  definition of interoperability) are presented below. 





Objective 7 (the review of SIF) was presented at past DIS Working Group Sessions.  After extensive review, the Posse was in unanimous agreement that the SIF was inappropriate for standards in IR simulation.  Primary reasons included a lack of sufficient physical parameters, and reliance on model-specific terms.  





Objective 8 (review of VPF) was informally addressed in email correspondence between Dr. Bill Cornette and Russ Moulton.  The VPF can support some limited physically-based IR simulation modeling, but is not sufficiently complete or detailed enough to properly simulate the EO/IR spectrum.  Specifically, VPF lacked definition of spectral quantities, and fundamental thermophysical properties (i.e. thermal conductivity).  However, if VPF simply assigned appropriate material codes for which standard EO/IR dictionary properties existed, VPF could be much more useful to IR simulation than it is today.





2.0 Definition of Interoperability for IR Simulation





With the advent of the Simulation Interoperability Standards Organization, and an emphasis on the DMSO objectives of M&S interoperability and reuse, the utility of the IR Posse work became more clear. It follows directly that adoption of an IR database standard would facilitate increased reuse in IR M&S.  Provided standards for IR simulation could be established that covered signature prediction, atmospherics, and sensor effects, hopefully the community could achieve some consistency in IR simulation. But, lacking a wholesale “conversion” of the community to one simulation product or model, what would this consistency really mean ?  This question inspired an effort to define interoperability for IR simulation.  





Visible spectrum simulations, though not always very realistic, offer useful training in tactics, unit and force coordination, and battlespace awareness.   They usually represent an “Out the Window” (OTW) view of the world through the human eye.





In the case of IR simulation, however, we are attempting to simulate what a human or computer generated force might “see” through a thermal sensor or image intensifier in the long-wave (LWIR), mid-wave, or near-IR (NIR) spectrum.  The implication is one of tactical significance.


IR simulators are interoperable in the most general sense if their search and target acquisition (STA) performance is similar; that is, the STA behavior of the human or computer generated force is consistent.  STA is defined as key perception tasks such as field of view (FOV) and field of regard (FOR) search, target detection, false alarm rate, recognition, identification, and classification.  There are a number of factors that govern real-world STA: target and background signatures, clutter, atmospherics, and sensor dynamic range and resolution.





For example, two IR simulators are said to be interoperable for detection if for the same sensor, sensor view, meteorological and environmental conditions, and target-background signature, both simulations have the same probability of detection.  Thus, the tank commander in a M1A3 tank simulator with B-Kit 2nd Generation FLIR would have the same probability of detecting a T72 tank in a given scenario as his computer generated forces counterpart.





This might be accomplished a number of ways.  One way is to use the same simulation models for target and background signature generation, atmospherics, and sensor effects.  Another way might be to have one agent in an HLA exercise decide the STA performance of all entities.  





For virtual-virtual and virtual-constructive simulations to be interoperable, their STA performance should be consistent.  For virtual and constructive models to be interoperable with live exercises, however, the STA performance must be realistic.  





3.0 Proposed EO/IR Data Dictionary v1.0





 Appendix A shows the proposed EO/IR Data Dictionary Version 1.0. It is intended to be as inclusive and broad as possible to accommodate either directly or indirectly all possible IR simulation model terms.  Although there are undoubtedly overlooked model-specific terms that may need to be added, the dictionary lays a foundation to share IR database information, to add future needed terms for the EO/IR, as well as other specific spectrum, and to provide for the reuse of IR databases.  





For completeness, and to be consistent with the definition of interoperability, the Posse extended the dictionary to include meteorological, atmospheric and sensor terms as well as materials.  Thus, the dictionary covers all the terms associated with the “IR simulation pipeline”, from signature synthesis to sensor display. 


The dictionary is available in Microsoft Excel Spreadsheet format, facilitating the inclusion of specific values, and thus the creation of IR databases for materials, atmosphere and meteorology, and sensors. Non-scalar data (textures, spectral arrays, etc …) are addressed via pointers to file names, described later.  For example, a copy of the dictionary could be named granite_rock.xls, denoting the material property file for granite rock.  Similarly, the appropriate sections of the spreadsheet could be detached and filled to form appropriate meteorological and sensor databases. 





3.1 Guiding Philosophy





As alluded to above, there was considerable technical discussion over which properties to include in the proposed dictionary.  With various competing models for signature, meteorological and atmospheric prediction and sensor effects, and a myriad of potential properties/attributes, the discussion originally focused on gathering all relevant known thermophysical and surface optical terms from most signature prediction models. The Posse initially grouped all of these properties into three basic types:  intrinsic, derived (or calculated), and model-specific.  “Intrinsic” is used in reference to a property that is the most general and widely-accepted as “1st principles”; “derived” is used in reference to a common approximation or simplification of an intrinsic term; and model-specific is used to describe a less-well known property assigned by a model developer. 





The distinction between these three types was deemed significant for two reasons:  to establish consistency in the application of known physical laws, and to distinguish between the degree of modeling implied. 


 


A few examples illustrate the concern for physical consistency of terms.  From Kirchoff’s Law it follows that the directional, spectral emissivity and absorptivity are equal; likewise the spectral and hemispherically-integrated  corresponding quantities (i.e. lambertian-assumed long-wave emissivity and diffuse absorptivity) are equal as well. Thus, entries in a database where emissivity and absorptivity are not equal will lead not only to incorrect signatures, but interoperability problems as well.  One IR model might use the longwave emissivity from the standard IR database to compute the thermal load from downwelling (sky) radiation; another might use the absorptivity directly.  The result would likely be different background and target signatures.  





Another physical law is that of conservation of energy; for opaque materials, the reflectivity is the additive inverse of emissivity.  Thus, it is important to either distinguish which term is derived, or ensure that reflectivity = 1.0 - emissivity.





The level of modeling was also deemed significant.  For example, thermal conductivity (k), density (p), and specific heat (c) are accepted thermodynamic properties of materials from the basic literature.  Diurnal depth (d) is a common approximated thermal property of a material derived from k, p, c and a 24-hour period.  Heat transfer flag is a model specific property assigned by a particular model to determine the required degree of thermal modeling.  [Incidentally, the IR Posse saw this lack of distinction as one of the problems with SIF:  while some of its terms could be placed at the “derived” level, most of terms implied a model-specific approach.]





But the issue of classifying properties as “intrinsic” or “derived” can sometimes be unclear.  The spectral Bi-directional Reflectance Distribution Function (BRDF) is often viewed as the most complete representation of the surface optics of an opaque material:  from it you can derive all the directional/hemispherical, spectral/band-integrated emissivity, reflectivity, and absorptivity terms desired.  One might argue, therefore, that it is the ONLY intrinsic surface optical property.  But you can also measure the directional, spectral emissivity directly with a thermocouple and a narrow FOV spectral radiometer.  In practice, getting emissivity from reflectance measurements is probably the most commonly used laboratory and field measurement approach, but BRDF is no more “intrinsic” than directional emissivity.  Furthermore, spectral BRDF data is relatively rare and difficult to collect; roughness (statistical) models and complex indices of refraction are typically used to model the spectral BRDF.  Thus, BRDF might not always be considered “intrinsic”.  Even taken to extremes, one might try to argue that diurnal depth is “intrinsic”, and “derive” thermal conductivity as a function of specific heat, density and diurnal depth!  Stated another way, “one man’s first principles is another man’s approximation”.





With these examples, and undoubtedly more like them, the Posse decided ultimately against citing explicitly which terms were intrinsic, and which were derived.   Instead, the terms are  listed generally in hierarchical order of most to least fundamental in there respective category.  The consistency of physical laws is addressed in a “Related Quantity” field, and referencing of the physical law in the description field. 





3.2 Dictionary Description





Each term in the dictionary has several defining parameters:  Data Type, Word Size, Lower Limit, Upper Limit, Units, Related Term, Defining Scalar 1, Defining Scalar 2, Variable 1, Variable 2, Variable 3, Variable 4,  Reference, and Description.  They are defined below:





Data Type:  Possible types include Integer and Real Float Scalars, Integer and Real Float Arrays, and Complex.  





Word Size:  The word size in bits.





Lower and Upper Limit: The range of possible values for the term.





Related Term:  Term for which a physical law demands a check for consistency.





Defining Scalars 1 and 2:  Scalar values that help define the term, including the number of points of an array, or the wavelength limits of a particular spectral band.





Variables 1-4:  Input variable indexing into a multidimensional array.





Reference:  A pointer to file containing multidimensional array data or texture data.





Description:  The definition of the term.





The dictionary is divided into seven general categories:





Temporal Variation Terms


Surface/Optical Terms


Thermophysical/Fluid Dynamic Terms


Geometric Terms


Texture Terms


IR Meteorological/Atmospheric Model Terms 


Sensor Terms





Of particular note are the latter three categories: textures, meteorology and sensors.  The Posse felt strongly that IR textures needed to be accommodated by the EO/IR Data Dictionary.  Although it is difficult to justify textures from a physical perspective, textures are rationalized in IR simulations as statistical variations of either surface properties or total surface signature, or in the static case, as pure IR signatures.  They are a practical means of achieving the desired scene realism, and fidelities required by today’s IR sensors.  Textures are accommodated by pointers to file names in the “Reference” cell of the dictionary spreadsheet.





After considerable debate and at the risk of conflicting with other atmospheric group work, the Posse decided it imperative to define critical meteorological and atmospheric terms that drive thermal signature generation and propagation.  Critical to advancing interoperability in IR simulation, these terms generally depend upon geographic location, time of day, time of year, climate, altitude, slant path, etc ... Although most IR simulations will attempt to predictively model these terms, both empirical or synthetic databases could be generated for specific conditions.





Finally, the sensor terms are included to complete the IR simulation paradigm.  As alluded to previously, IR simulation implies a specific tactical sensor.  The terms listed characterize the sensor in sufficient detail to characterize the sensor STA performance, and the simulated scene fidelity requirements in terms of spatial and amplitude resolution.  As alluded to previously, the appropriate STA performance facilitated by these terms are critical to ensuring interoperability among IR simulations.





4.0 Future Work





Some work has been done on Objective 3 (radar), but the Posse decided to focus on the EO/IR terms specifically in order to re-limit the scope and speed delivery of an initial document. While the Posse membership was familiar with most of the IR signature models in use, it desired more time to examine the various radar signature model requirements. If the EO/IR dictionary herein gains acceptance within the SISO community, the Posse proposes to extend the dictionary into the RF spectrum.





Toward objectives 4 and 11, the Posse has begun work on a Standard Surface Material Code project.  Designed to develop a set of standard material types with a pre-defined set of EO/IR Data Dictionary properties, the project will result in a revised FACC-like material list.  This material list will further support IR simulation interoperability and reuse, and facilitate eventual IR simulation model validation.


�
Appendix A - Proposed EO/IR Data Dictionary v1.0 





�
Term�
Word Size�
Related Term�
Units�
Description�
�
Temporal Variation Terms�
�
�
�
�
�
Inclusions Fraction�
32�
�
none�
Fraction of material having specific type and material defined below�
�
Inclusions Type�
8�
�
none�
Type of Inclusion: 0 for uniform; 1 for spherical�
�
Inclusion Material�
8�
�
none�
General Material: 0 for none specific; 1 for water; 2 for air�
�
Surface Cover Fraction�
32�
�
none�
Fraction of surface covered�
�
Surface Cover Thickness�
32�
�
meters�
Thickness of cover type in meters�
�
Surface Cover Type�
8�
�
none�
0=none, 1=water, 2=dry snow, 3=wet snow, 4=ice, 5=dust, 6=dirt�
�
Surface/Optical Terms�
�
�
�
�
�
Index of Refraction�
64�
�
none�
Complex index of refraction, n �
�
Fine Scale Roughness Standard Deviation�
32�
�
none�
�
�
Fine Scale Roughness Correlation Length�
32�
�
none�
�
�
Fine Scale Roughness Type�
8�
�
none�
0=Gaussian; 1=Exponential �
�
Large Scale Roughness Standard Deviation�
32�
�
none�
�
�
Large Scale Roughness Correlation Length�
32�
�
none�
�
�
Large Scale Roughness Type�
8�
�
none�
0=Gaussian; 1=Exponential �
�
Spectral BRDF�
32�
directional spectral emissivity �
sr-1-um-1�
Ratio of the directional, spectral reflected radiance to the directional spectral 


incident radiation. sr-1�
�
Spectral, directional reflectivity �
32�
Spectral BRDF�
sr-1-um-1�
Integration of the spectral BRDF over the hemisphere for each incidence 


angle.�
�
Spectral, diffuse reflectivity �
32�
spectral emissivity (lambertian)�
um-1�
Integration of the directional spectral reflectivity over all incidence angles.�
�
Band-integrated directional reflectivity�
32�
band-integrated directional emissivity�
sr-1�
Integration of the spectral directional reflectivity over the band specified.�
�
LWIR directional reflectivity �
32�
LWIR directional emissivity�
sr-1�
Integration of the spectral directional reflectivity over the LWIR band.�
�
MWIR directional reflectivity �
32�
MWIR directional emissivity�
sr-1�
Integration of the spectral directional reflectivity over the MWIR band.�
�
Band-integrated diffuse reflectivity �
32�
band-integrated emissivity (lambertian)�
none�
Integration of the directional spectral reflectivity over all incidence angles, 


and over all wavelengths within the specified band.�
�
LWIR diffuse reflectivity �
32�
LWIR emissivity (lambertian)�
none�
Integration of the directional spectral reflectivity over all incidence angles, 


and over all wavelengths within the LWIR band.�
�
MWIR diffuse reflectivity �
32�
MWIR emissivity�
none�
Integration of the directional spectral reflectivity over all incidence angles, 


and over all wavelengths within the MIR band.�
�
NIR diffuse reflectivity �
32�
Spectral, directional reflectivity �
none�
Integration of the directional spectral reflectivity over all incidence angles, 


and over all wavelengths within the NIR band.�
�
Long-wave reflectivity �
32�
long-wave emissivity (3-inf um, lambertian)�
none�
3.0-15 um diffuse reflectivity�
�
directional spectral emissivity �
32�
Spectral BRDF�
sr-1-um-1�
Ratio of the radiance of the body to that of a blackbody as a function of 


wavelength and 2D angle; equal to directional spectral absorptivity �
�
spectral emissivity (lambertian)�
32�
Spectral, directional reflectivity �
um-1�
Integration of the directional spectral emissivity over the hemisphere.�
�
band-integrated directional emissivity�
32�
Spectral, diffuse reflectivity �
sr-1�
Integration of the directional, spectral emissivity over the specified band.�
�
LWIR directional emissivity�
32�
LWIR directional reflectivity �
sr-1�
Integration of the directional, spectral emissivity over the LWIR band.�
�
MWIR directional emissivity�
32�
MWIR directional reflectivity �
sr-1�
Integration of the directional, spectral emissivity over the MWIR band.�
�
band-integrated emissivity (lambertian)�
32�
Band-integrated diffuse reflectivity �
none�
Integration of the directional spectral emissivity over the hemisphere for 


the specified band..�
�
LWIR emissivity (lambertian)�
32�
LWIR diffuse reflectivity �
none�
Integration of the directional spectral emissivity over the hemisphere for the 


LWIR band..�
�
MWIR emissivity�
32�
MWIR diffuse reflectivity �
none�
Integration of the directional spectral emissivity over the hemisphere for the 


MWIR band..�
�
long-wave emissivity (3-inf um, lambertian)�
32�
Long-wave reflectivity �
none�
3.0-15 um lambertian emissivity�
�
Directional, spectral solar absorptivity�
32�
MWIR diffuse reflectivity �
sr-1-um-1�
- 3.0 um directional, spectral ratio of the solar insolence to absorbed solar 


energy.�
�
Spectral solar absorptivity (assumed diffuse)�
32�
Long-wave reflectivity �
um-1�
Integration of the directional spectral absorptivity over the hemisphere�
�



solar absorptivity (spectrally integrated .3-3um, diffuse)�
32�
Long-wave reflectivity �
none�
Integration of the spectral absorptivity over the .3-3um band.�
�
spectral transmissivity�
32�
Spectral BRDF�
um-1�
ratio of incident spectral energy transmitted to the total incident.�
�
band-integrated transmissivity�
32�
Directional, spectral solar absorptivity�
none�
Integration of the spectral transmissivity over the specified band.�
�
Thermophysical/Fluid Dynamic Terms�
�
�
�
�
�
temperature-dependent thermal conductivity�
32�
�
W/m-K�
Ratio of the thermal flux density through a surface within a material to the 


temperature gradient across the surface; as a function of the material 


temperature. (W/m-K)�
�
thermal conductivity �
32�
temperature-dependent thermal conductivity�
W/m-K�
Ratio of the thermal flux density through a surface within a material to the 


temperature gradient across the surface. W/m-K�
�
density�
32�
�
kg/m3�
Mass per unit volume (kg/m3).�
�
specific heat�
32�
�
cal/kg-K�
The quantity of heat required to raise the temperature of a unit mass of 


the material 1 degree K (cal/g-K)�
�
characteristic length�
32�
�
m�
Length of air path across a plane surface wherein convective heat transfer 


is exhausted. (m)�
�
coefficient of convection�
32�
�
none�
Ratio of the convective heat flux density through a surface boundary to the 


temperature gradient across that boundary. W/m2-K�
�
diurnal depth�
32�
conductivity, density, specific heat�
m�
Thermal thickness; effective depth of temperature variation over diurnal cycle.�
�
thermal mass�
32�
�
�
�
�
thickness�
32�
�
m�
�
�
heat transfer flag�
8�
�
none�
model-specific term; flag for determining whether to model heat transfer


 thru matl.�
�
Interior/Support Temperature�
32�
�
K�
model-specific term; temperature of infinite heat-capacity support material.�
�
Interior Flow Velocity�
32�
�
m/sec�
speed of fluid flow internal to the material.�
�
Interior Thermal Load�
32�
�
�
�
�
Free Stream Gas Temperature�
32�
�
none�
Temperature of an object gas stream.�
�
Free Stream Gas Velocity�
32�
�
none�
Velocity of gas flow (m/sec).�
�
Recovery Factor�
32�
�
none�
Empirical constant for high-velocity gas convection.�
�
State Map �
32�
�
none�
Identifies the solid, liquid, gas state of a material as a function of pressure 


and temperature.�
�
Geometric Terms�
�
�
�
�
�
Material Thickness�
32�
�
m�
�
�
Orientation ( Normal )�
32�
�
none�
�
�
Configuration Factor �
32�
�
none�
The product of the effective geometric view factor and emissivity factor with 


respect to rest of database, or dominant surroundings�
�
Texture Terms�
�
�
�
�
�
Pure Signature Texture�
variable�
�
none�
�
�
General Modulation Texture Pointer�
variable�
�
none�
�
�
Reflectance Modulation Texture Pointer�
variable�
�
none�
�
�
Emission Modulation Texture Pointer�
variable�
�
none�
�
�
Emission Modulation Texture Factor�
32�
�
none�
model-specific; Factor for calibrating extent of texture modulation of emissivity.�
�
Meteorological/Atmospheric�
�
�
�
�
�
Spectral Direct Solar Insolence �
32�
�
W/cm2-um�
�
�
Spectral Diffuse Solar Insolence �
32�
�
W/cm2-um�
�
�
Directional, Spectral Downwelling IR �
32�
�
W/cm2-um-sr�
�
�
Spectral Downwelling IR (diffuse) �
32�
�
W/cm2-um�
�
�
Direct Lunar Spectral Luminance �
32�
�
W/cm2-um�
�
�
Diffuse Lunar Spectral Luminance�
32�
�
W/cm2-um�
�
�
Total Direct Solar Insolence �
32�
�
W/cm2�
�
�
Total Diffuse Solar Insolence �
32�
�
W/cm2�
�
�
Total Direct Lunar Luminance�
32�
�
W/cm2�
�
�
Total Diffuse Lunar Luminance�
32�
�
W/cm2�
�
�
Total Long-wave Downwelling IR �
32�
�
W/cm2�
�
�
Spectral Path Radiance (Per km)�
32�
�
W/cm2-km�
�
�
Spectral Transmission (Per km)�
32�
�
km-1�
�
�
LWIR Transmission�
32�
�
km-1�
�
�
MWIR Transmission�
32�
�
km-1�
�
�
NIR Transmission�
32�
�
km-1�
�
�
LWIR Path Radiance (Per km)�
32�
�
W/cm2-km�
�
�
MWIR Path Radiance�
32�
�
W/cm2-km�
�
�
NIR Path Radiance�
32�
�
W/cm2-km�
�
�
Air Temperature�
32�
�
K�
�
�
Air Pressure�
32�
�
mbar�
�
�
Local Wind Speed�
32�
�
m/sec�
�
�
Local Wind Direction�
32�
�
deg�
�
�
Humidity�
32�
�
�
�
�
Atmospheric composition (Standard, Tropical, etc )�
8�
�
none�
�
�
Sensor Terms�
�
�
�
�
�
Detector spectral response�
32�
�
um-1�
�
�
Sensor Band�
32�
�
none�
�
�
Signal Transfer Function�
32�
�
um-1�
�
�
Horizontal FOV�
32�
�
deg�
�
�
Vertical FOV�
32�
�
deg�
�
�
Optic Transmission�
32�
�
none�
�
�
Horizontal Detector IFOV�
32�
�
mrad�
�
�
Vertical Detector IFOV�
32�
�
mrad�
�
�
Effective Horizontal Detector Samples�
32�
�
none�
�
�
Vertical Detector Samples�
32�
�
none�
�
�
Detector Dynamic Range�
16�
�
bits�
�
�
MDT�
32�
�
K�
�
�
System PSF (2D)�
32�
�
none�
�
�
System MTF (2D)�
32�
�
none�
�
�
Horizontal MTF�
32�
�
none�
�
�
Pre-Amp Filter (AC-coupling)�
32�
�
none�
�
�
Vertical MTF�
32�
�
none�
�
�
Horizontal PSF�
32�
�
none�
�
�
Vertical PSF�
32�
�
none�
�
�
Horizontal MRT�
32�
�
K�
�
�
Vertical MRT�
32�
�
K�
�
�
Display Horizontal Resolution�
32�
�
samples�
�
�
Display Vertical Resolution �
32�
�
samples�
�
�
Noise Sequence�
32�
�
none�
�
�
NET (Noise Equivalent Temperature)�
32�
�
K�
�
�
�






