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AFFTC RADIOMETRIC ANALYSIS AND MEASUREMENT SYSTEM

Allen Schmidt
Computer Sciences Corporation

ABSTRACT

A broad class of Electro-Optical (E-O) sensors are continually being improved and/or
developed for aircraft to assist in performance of such tasks as surveillance, target
acquisition, target designation, and weapons delivery. These E-O sensors possess a variety
of Electro-Optical links that encompass the spectral region of 0.4 to 14 micrometers. The
Radiometric Lab at Edwards Air Force base is tasked to provide instrumentation support
for projects that develop, test, and evaluate ground and airborne E-O systems/sensors.

The heart of the labs support capability is the Radiometric Analysis and Measurement
System (RAMS) and is contained within an all-terrain van. A variety of sub-systems exist
within the van to meet support requirements. These include an 8 to 12 micron infrared (IR)
imaging system, 4 to 14 micron spectral radiometer, 380 to 1068 nanometer spectral
radiometer, 400 to 1800 nanometer imaging camera, 1.064 nd:YAG laser, off-axis
collimator with IR and visible light sources, and a weather station.

This paper describes the system, its capabilities and limitations, and its application in
aircraft sensor evaluation.
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INTRODUCTION

A broad class of Electro-Optical (E-O) sensors are continually being improved and/or
developed for aircraft to assist in performance of such tasks as surveillance, target
acquisition, target designation, and weapons delivery. These E-O sensors possess a variety
of Electro-Optical links that encompass the spectral region of 0.4 to 14 micrometers.

The electromagnetic spectrum is divided into wavelength regions, called “bands”,
distinguished by the methods utilized to produce and detect the radiation. See figure 1.
There is no fundamental difference between radiation emitted in the different bands of the



spectrum. The same basic laws of physics govern the radiation emitted in all bands with
the only difference being that of wavelength.

The area of interest is the spectral region from 0.4 to 14 micrometers. Most aircraft E-O
sensors operate within this region which is divided into four bands. They consist of the
visible (0.4 to 0.75 micrometers), near infrared (0.75 to 3.0 micrometers), middle infrared
(3.0 to 6.0 micrometers), and far infrared (6.0 to 15 micrometers). The usable portions of
these bands are constrained by atmospheric transmission windows as shown in figure 2.
These windows limit sensor effectiveness to specific wavelengths within the bands.

Figure 1. Electromagnetic Spectrum

Figure 2.  Atmospheric Transmission Windows



Aircraft E-O sensors typically include Forward Looking Infrared (FLIR) systems,
surveillance cameras, night vision goggles, and laser designator systems. Each of these
systems operates within one or more of the four bands described above. As these systems
are improved or new systems are developed, their performance needs to be established in
the context of a complete aircraft system. To realistically measure this performance, in-
flight evaluations are required to account for internal and external environmental factors.
Internal environmental factors include parameters such as aircraft motion, vibration, and
pilot workload. External factors include atmospheric conditions, terrain and radiation
sources. In-flight evaluation techniques provide methods to quantify the performance of
sensor systems in a repeatable fashion so the relative performance of various systems can
be compared.

The Radiometric Lab at Edwards Air Force base is tasked to provide instrumentation
support for projects that develop, test, and evaluate ground and airborne E-O
systems/sensors. The goals of this instrumentation support are to account for and quantify
the external environmental factors. These include determination of atmospheric
transparency, target emissivity or reflectivity, and the amount of radiation present. To
accomplish this task the Radiometric Lab has assembled a measurement system contained
in an all terrain van. This paper describes this system and its application to aircraft sensor
evaluation.

SYSTEMS DESCRIPTION

The heart of the Radiometric Labs
support capability is the Radiometric
Analysis and Measurement System
(RAMS) which is contained in an all-
terrain van. A variety of sub-systems
exist within the van to meet support
requirements. These include a far
infrared imaging system, a visible and
near infrared imaging system, a
middle and far infrared spectral
radiometer, a visible and near infrared
spectral radiometer, 1.064 micrometer
nd:YAG laser, off-axis collimator with
IR and visible light sources, and a
weather station. Figure 3 shows this
van deployed with some of its
measurement sensors.

Figure 3. Van deployed in the field.



Time and Weather Data Processing Sub-System

A central component of RAMS is the Time and Weather Data Processing Sub-system
(TWDPS) which has a two-fold purpose. First, and most important, this sub-system
provides authoritative timing distribution (referenced to UTC to better than 1 microsecond)
for the overall system. The processing unit contains a Global Positioning System (GPS)
card that provides the reference for timing as well as positioning data. IRIG-B time code is
output from this card to system components that can read IRIG time. In addition, the
processing unit reads the time from the card and broadcasts it to any processes in the
system that requests it. The broadcast requests can be for 1, 10, 20, and 60 updates per
second and can originate from the local machine or a remote processor via an Ethernet
network segment. System usage of this feature is for event synchronization and time
correlation.

The other purpose of the TWDPS is to collect, display, and record data from weather
sensors. Sensor data currently supported is wind speed and direction, air temperature,
relative humidity, and barometric pressure. The data is displayed for field use and recorded
along with GPS time and position. This is accomplished at an interval of once per second.
Weather data is typically used as source data when calculating atmospheric absorption and
extinction coefficients.

Far Infrared Imaging System

The IR imaging system consists of a calibrated AGA Thermovision camera covering the
electromagnetic spectrum from 8 to 12 microns. A set of interchangeable lenses providing
20°, 7°, and 3.5° fields of view allows the system to be deployed to the field under a
variety of setup distances from the target.

Images from the camera are digitized and sent to a computer system. Here the image data
is merged with calibration coefficients, time tagged, and displayed with quick look data
and/or recorded for in-depth analysis performed at a later time.

The system is typically used in support of flight tests that are evaluating an aircraft’s IR
sensor detection or resolution parameters.

Visible and Near Infrared Imaging System

This sub-system has at its core, a vidicon-tube imaging camera. This camera is sensitive to
the spectral range of 0.4 micrometers to 1.8 micrometers. Used in conjunction with a set of
interchangeable interference filters, its spectral sensitivity can be constrained to a specified
band-pass within this range. Its principal purpose is to visualize laser radiation being



reflected off a target. Interference filters currently available allow the study of the 1.064-
micrometer combat laser designator, the 1.54-micrometer eye-safe laser designator, and
the 0.85-micrometer marking laser.

Video from the camera is sent to an encoder where IRIG timing is edge encoded in a
standard format as specified in OSG-452-86. The encoded video is then recorded in a Hi-8
format for later retrieval and analysis.

Middle and Far Infrared Spectral Radiometer

The van contains an IR scanning spectral radiometer sensitive to radiation from 4 to 14
microns in the electromagnetic spectrum. Its functional flexibility allows it to be used as a
research radiometer, spectral radiometer, atmospheric transmissometer receiver, sky
terrain scanner, and reflectometer. It is capable of being tailored to different application
areas and to operating environments in laboratory, plant, and field. This system can detect
and analyze the spectral radiance/irradiance or radiant intensity of any object from a
distance of several kilometers.

Visible and Near Infrared Spectral Radiometer

This instrument is a fast scanning spectral radiometer designed for spectral analysis,
luminance or photometric brightness, and color measurement. It acquires the spectrum of
optical radiation from 380 nanometers to 1,068 nanometers simultaneously. This permits
accurate analysis of color and intensity of both steady-state (power) and pulsed (energy)
light sources.

The radiometer head is interfaced to a computer where measurement data is stored and
analyzed. Data features include radiance calculations, radiometric transmittance and
reflectance, correlated color temperatures, color and hue differences, tristimulus values,
and chromaticity coordinates.

Off-Axis Collimator

The off-axis collimator is an optical system designed to calibrate and test Electro-optical
instruments and systems that receive radiation from both near and distant targets. It
consists of a lightweight, cast aluminum tube, which contains the system optics mounted
on a universal mounting plate. This system employs a plane reflective mirror and a 4.8-
inch diameter off-axis paraboloidal mirror. The system focal length is 25.6 inches and has
a f/number of 5.3. The mirrors are treated with an aluminum and silicon monoxide
overcoat. Although it is primarily intended to collimate infrared energy, the system
performs well in the visible and ultraviolet regions of the spectrum.



The system also contains an entrance aperture wheel located to one side positioned
perpendicular to the optical axis. This wheel has seven openings graduated in area to
permit changes of up to 1000-to-1 in input flux density.

The unit operates with either an infrared blackbody radiation source or a tungsten light
source. The primary use of this instrument is in conjunction with the 4-to-14 micron
spectral radiometer to perform atmospheric transmissivity measurements.

APPLICATION IN AIRCRAFT SENSOR EVALUATION

E-O sensors are utilized in aircraft systems to perform surveillance, target acquisition,
target designation, and weapons delivery. As these systems are improved, their
performance needs to be established in the context of a complete aircraft system. A
number of in-flight evaluation techniques are used to quantify the performance of various
aircraft systems.

In-Flight Resolution

This test is an adaptation of the methods used in the laboratory to evaluate the resolution
of an optical system. Its goal is to define the smallest element-to-element contrast
difference between elements in a standard periodic test pattern for which the pattern is
observable. Figure 4 illustrates the standard periodic test pattern. This pattern contains a
series of sets of lines or bars at progressively smaller spacing. The bar set that can be
discerned clearly at a specified distance defines what the optical system is capable of
resolving.

When the spectral band of interest is the far
infrared band, the evaluation technique utilizes a
single resolution target bar pattern. At Edwards,
an IR target board exists on the Precision Impact
Range that yield’s a 4-bar pattern. Each bar has
the dimensions of 4-feet wide and 30-feet high
with 4-foot spacing between the bars. The target
spatial frequency (Fs) is determined from the
relation:

Fs = R/2bw * (0.001) cycles/mr

where Fs = The target spatial frequency in cycles/mr.
R = The aircraft to IR target range in feet.
Bw = the IR target bar width. Figure 4  Resolution Test Pattern



The remaining variable (range in feet) is determined when the aircraft observer resolves
the bar pattern. This is derived from a trajectory information source such as a radar track
or GPS/INS system.

The spatial frequency is plotted against the temperature contrast of the target. During the
flight test, the temperature is monitored and recorded by the infrared imaging system
within the RAMS van as well as weather data. The weather data is input to a computer
model along with resolution range data to derive atmospheric transmissivity for the
spectral range of interest. The mean temperature differential between the heated bar
pattern and unheated area around the bars is adjusted by the atmospheric transmission
factor to generate a plot of spatial frequency verses corrected temperature differential, also
referred to as the Minimum Resolvable Temperature (MRT) plot. This plot defines the
resolution of the system and serves as baseline data when comparing different systems,
measuring system improvements, and for evaluating other system performance factors that
involve acquisition and recognition.

This same methodology can be applied to any part of the spectrum, however, when the
characteristics of the radiation is reflected instead of direct, then an adjustment to
measurement criteria and test procedures have to be made. This is due mainly to the
radiation source, which in the case of reflected radiation is sunlight. Since the amount of
sunlight cannot be controlled, careful measurements of target reflectivity and incident
radiation must be made. A variety of target spatial frequencies must also be available. For
this, Edwards has large panels that contain variations of the standard test pattern shown in
figure 4.

Laser System Evaluation

An important aircraft system is the laser designator, used to direct laser guided munitions
to their targets. The evaluation process concerns it self with tracker stability, i.e., how well
the laser will maintain target illumination regardless of aircraft evasive maneuvers, beam
coherence as it travels through the atmosphere, residual radiant energy after being reflected
off the target, and susceptibility to countermeasures. The systems within the RAMS van
are configured to be able to quantify data necessary for the first two parameters.

Tracker stability is a primary performance factor when evaluating a laser designation
system. The test scenario for this performance check involves the aircraft to fire its laser
during evasive or loft maneuvers at a target that presents a highly reflective diffuse target.
The instrumentation in the van records the imagery of the laser spot. Off-line, a time
history scatter chart is generated in which stability (deviation) parameters are derived.
From this same data, image enhancement can be performed to generate profiling data to
evaluate beam coherence.



An enhancement task currently being worked on will provide a means to perform
evaluations of the remaining parameters, residual radiant energy and countermeasure
evaluation.

CONCLUSION

The RAMS system owes its beginnings to flight tests performed in the early 1980’s. This
beginning consisted of a portion of the Far Infrared Imaging system. In 1991 the
Radiometric Lab was established to provide instrumentation support for projects that
develop, test, and evaluate ground and airborne E-O systems/sensors. This far infrared
imaging system became the first component of what is now the RAMS system.

Since this systems early beginning, many flight test programs from all branches of the
military have utilized the support capability of the radiometric system. Driven by the ever-
increasing requirements of E-O flight test support, the system has evolved to provide an
array of multi-spectral support. Currently, limitations to a complete multi-spectral support
capability include a weakness in the middle infrared band (3 to 5 micrometers) and no
support in the ultra-violet. As we enter the new millenium, aircraft sensors will continue to
be enhanced and improved. Part of this enhancement will be to make full use of all bands
in the electro-optics spectrum. The RAMS system is evolving to meet the challenges of
providing a complete multi-spectral support capability. Strengthening its capability in the
middle infrared and adding support for the ultra-violet, this system will continue to be a
valuable tool well in to the 21st century.
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NOMENCLATURE

Collimator

A device for producing a beam of parallel rays (as of light) or forming an infinitely distant
virtual image that can be viewed without parallax.

Optics

That branch of physical science concerned with vision and certain phenomena of
electromagnetic radiation in the wavelength range extending from the vacuum ultraviolet at
about 40-nm to the far-infrared at 1-mm. Now being replaced by the more inclusive term
Photonics.

Optical Resolution

A measure of image quality produced by an optical system. May be specified in terms of
cycles per millimeter, referencing a repeating bar pattern; or angular resolution, referencing
the angle subtended by two distant point sources that are just resolved by the system.

Photonics

The technology of generating and harnessing light and other forms of radiant energy whose
quantum unit is the photon. The science includes light emission, transmission, detection,
amplification and detection by optical components and instruments, lasers and other light
sources, fiber optics, electro-optical instrumentation, related hardware and electronics, and
sophisticated systems. The range of applications of photonics extends from energy
generation to detection to communications and information processing.

Radiometer

An instrument for measuring the intensity of radiant energy.

Spatial Frequency

With a repetitive object such as a series of equispaced lines, the reciprocal of the line
spacing in object or image, generally expressed in cycles per millimeter.


