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ABSTRACT 

SBIR is developing an enhanced blackbody for improved radiometric testing.  The main feature of the blackbody is an 
improved coating with higher emissivity than the standard coating used.  Comparative measurements of the standard and 
improved coatings are reported, including reflectance.  The coatings were also tested with infrared imagers and a 
broadband emissivity estimate derived from the imagery data.  In addition, a control algorithm for constant slew rate has 
been implemented, primarily for use in minimum resolvable temperature measurements.  The system was tested over a 
range of slew rates from 0.05 K/min to 10 K/min and its performance reported. 

 Keywords: Blackbody, Radiometric calibration, Infrared, high emissivity, EO-IR Testing 

1. INTRODUCTION
Extended area blackbodies are commonly used for testing infrared cameras and other thermal detection devices.  
Blackbodies are used as thermal sources to provide a desired radiance or apparent temperature to a device under test or 
to illuminate a target with a known radiance or apparent temperature or to provide a desired temperature difference 
between the features in a target. 

For an ideal blackbody with an emissivity of 1, the only parameter required to calculate the radiance of the source is the 
temperature of the blackbody.  For a system with non-unit emissivity, other factors must be considered in order to 
produce a desired radiance, including the emissivity and the radiance of the environment onto the surface of the source.  
Another factor to be considered is that the temperature of the surface of the source is needed, but the temperature may 
not be measured on the blackbody surface.  Also, for extended area blackbodies, the temperature is typically measured in 
only one place so the uniformity of the surface temperature must also be considered.  An ideal blackbody would have a 
unity emissivity, and the same temperature across the entire surface as that of the point where the temperature is 
measured.  

Real blackbodies do not have unity emissivity, or perfectly uniform, accurately known surface temperatures.  While 
cavity blackbodies can have effective emissivities approaching unity, they are typically large, slow to respond, and may 
not be practical if an application requires a large area source.  In such cases, an extended area blackbody is required, and 
the effects of its deviation from ideal characteristics must somehow be compensated for in some fashion. 

In addition to the enhanced coating in development, SBIR has also implemented a constant slew rate capability in its 
Infinity line of extended area blackbodies.  Performance data over a range of slew rates is presented as well. 

2. RADIOMETRY WITH A NON-IDEAL REFERENCE
2.1 Radiometric Theory 

For calibration purposes, the desired output of a radiometric reference is a known absolute radiance.  Thermal radiation 
from an ideal source is governed by Planck’s Equation[1]: ܮௗ(ߣ, ܶ) = 	 ଶమఒఱ൫/ഊೖିଵ൯	, 
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Where h is Planck’s constant, k is the Boltzman constant, c the speed of light, T the absolute temperature and l the 
wavelength.  For a given body, the total radiation from the surface is the sum of the emitted, reflected and transmitted 
radiation: ܮ௧௧ = ௧௧ௗܮ + ௧௦௧௧ௗܮ + ௧ௗܮ  

 

For a non-ideal surface, the emitted portion is scaled by its emissivity at a given wavelength: ܮ(ߣ, ܶ) = 	 ହ(݁/ఒ்ߣ2ℎܿଶ(ߣ)ߝ − 1)	 
Assuming transmission is zero, the spectral reflectance of a surface can be written as (1 −  and the reflected ((ߣ)ߝ
radiance then becomes: ܮ௧ௗ(ߣ) = 1)(ߣ)௧ܮ −  ((ߣ)ߝ
 
2.2 Radiometry using a non-ideal reference 

Accuracy of a reference is an important part of any precise measurement.  When performing radiometric measurements, 
the radiance of the calibration surface must be well known.  An extended area blackbody may be used as a radiometric 
reference, with proper management[2,3].  The focus of this management is the reduced radiance due to an emissivity less 
than unity and the reflected radiance due to the same root cause.  The reduced emitted radiance is easily to compensate 
by scaling the radiance by the emissivity of the source.  For instance, if relative radiance is the key goal of a 
measurement, a calibration with two points collected close enough in time that the ambient conditions have not changed 
appreciably can serve to produce acceptable results.  For the relative measurement, the reflected portion of the radiance 
of the reference does not matter.  However, for absolute radiance measurements, or in cases where the ambient 
conditions change appreciably between measurements, the reflected radiance must be considered and doing so can be 
complicated.  The basic problem with ambient compensation is the limited knowledge of the ambient environment.  A 
probe can be used to measure the ambient temperature, which may be adequate in very controlled conditions, but often 
this is not the case and there is some error in the estimate of the effective ambient temperature.  If a correction based on 
ambient temperature is being used, the error in the estimate of the ambient temperature can lead to errors in apparent 
temperature.  Figure 1 shows the calculated error in apparent temperature if a one degree error is made in an ambient of 
25C.  At the real ambient of 25C, the error is about 30mK.  In most cases this error is small, but it can be significant at 
low temperatures and may be significant relative to the ambient correction in cases where small variations from ambient 
are being measured.  A surface emissivity of 0.995 would reduce this effect by a factor of 6, making measurements much 
more tolerable of imperfect knowledge of the ambient environment and its variations.     

 

3. BLACKBODY PERFORMANCE 
 
SBIR has developed a high emissivity coating process which has been applied to several blackbodies in order to test its 
radiometric performance.  The coating and blackbodies have undergone a series of tests including reflectance 
measurements, and tests with Long Wave Infrared (LWIR) and Mid-Wave Infrared (MWIR) imagers.  Separately, a 
constant slew rate control algorithm was developed for minimum resolvable temperature (MRT) testing and other 
applications that require a controlled rate change of temperature.  Results and discussion of both are presented below.    

3.1 Spectral measurements 

Spectral reflectance measurements were made of two high emissivity coating samples as well as samples of the standard 
coating.  Hemispherical reflectance was measured using a Surface Optics Coporation Hemispherical Reflectometer 
based on a Nicolet Fourier transform infrared spectrometer (FTIR) and specular reflectance measurements were 
conducted using a Bruker 113 FTIR.  The hemispherical measurements used a calibrated diffuse gold reference and 
produced reflectance with an estimated absolute accuracy of 1%.  The Bruker measurements used a specular reflectance 
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