
An Extended Area Blackbody for Radiometric Calibration 
Joe LaVeignea, Greg Franksa, Jake Singera, D.J. Arenasb, Steve McHugha, 

aSanta Barbara Infrared, 30 S Calle Cesar Chavez, Santa Barbara, CA, USA 93103 
 bDepartment of Physics, University of North Florida, , Jacksonville, FL, USA 32224  

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]: ܮ௜ௗ௘௔௟(ߣ, ܶ) = 	 ଶ௛௖మఒఱ൫௘೓೎/ഊೖ೅ିଵ൯	, 
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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: ܮ௧௢௧௔௟ = ௘௠௜௧௧௘ௗܮ + ௧௥௔௡௦௠௜௧௧௘ௗܮ + ௥௘௙௟௘௖௧௘ௗܮ  

 

For a non-ideal surface, the emitted portion is scaled by its emissivity at a given wavelength: ܮ௥௘௔௟(ߣ, ܶ) = 	 ହ(݁௛௖/ఒ௞்ߣ2ℎܿଶ(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: ܮ௥௘௙௟௘௖௧௘ௗ(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 

Proc. of SPIE Vol. 8706  870609-2www.sbir.com 2



 
 

 
 

 

stage with a 
performance 
are shown in
coating.  The
measurement
shows a sign
disagreement

 

Figure 2
Surface 
FTIR sp
spectra d

 

diffuse alumin
at longer wav

n Figure 2.   T
e Bruker spectr
ts of the high 

nificant rise in r
t will be discus

2. Spectral Mea
Optics Hemisp
ectrometer.  Th

do not show sim

num reference.
velengths and d
The reflectance
ra show the sam
emissivity sam
reflectance at f
ssed further aft

Figur

asurements from
pherical Reflec
he standard co
milar spectra, e

  The Bruker m
do not have an 
e measurement
me features nea
mples did not a
from 9 to 13 m
ter the imagery

re 1.  Error in d

m two differen
ctometer.  The

oating measurem
especially at w

measurements 
absolute refer
s of the two in
ar 5.75 and 8.5
agree at wavel

microns, which
y data is presen

derived apparen

 

nt spectrometer
e spectra in the
ments are in go

wavelengths lon

were initially 
rence.  The ref
nstruments are
5 microns.  Ho
lengths over 8

h is not reflecte
nted. 

nt temperature

rs.  The in the u
e lower pane w
ood agreement

nger than 8 mic

conducted to 
flectance spectr
e in good agree
owever, the Bru
8 microns.    T
ed in the Bruke

 
e. 

 
upper pane we

were collected 
t, but the high 
crons. 

investigate the
ra for both inst
ement for the 
uker and hemis
The hemispher
er measuremen

ere collected wi
with a Bruker 
emissivity coa

e relative 
truments 
standard 
spherical 
ical data 

nts.  This 

ith a 
113 

ating 

Proc. of SPIE Vol. 8706  870609-3www.sbir.com 3



 
 

 
 

 

3.2 Imagery

Two blackbo
the other.  Th
in the ambie
measured as 
cavities with
An IRCamer
blackbodies 
slight variati
standard coat
center portio
very represen
position and 
between the 
profile measu
that of the ca

Three region
blackbodies 
coatings and
known to oc
order reduce 
body and new

When invest
keep in mind
of the source
estimate the 
were drilled 
different curv
pronounced 
standard coa

Figure 3
with stan
The righ
The gree

y Tests 

odies were coat
his allowed sim
ent environmen

well.  This bl
h near unity em
ras IRC800 MW
over a range o
ons due to air 
ting placed clo
n of the blackb
ntative of all o
were therefore
data sets.  The 
urement in par

avities. 

ns of interest 
overlapped, a 

d a third in a n
cur, especially
these effects, t

w coating in th

tigating small t
d that the therm
e plate, where 
gradient betwe
to the same d

ve than that du
in the MWIR 

ating has been 

.  Imagery of b
ndard coatings 
ht image is a bl
en line is the lo

ted with the sta
multaneous col
nt or variation
lackbody was m
missivity as ref
WIR imager an
of temperature
currents near 

ose enough to t
body.  Figure 3
of the images c
e not measured
line through th

rticular gives a

were selected
second that c

neighboring ar
y in the microb
the difference 

he other) was ta

temperature di
mometric tempe

the thermomet
een the surface
depth as the th
ue to a differen
region for the
measured num

blackbodies use
and several ho
ackbody with t

ocation of the t

andard coating
llection of ima
ns in camera r
modified to ha
ference points.
nd a FLIR Pho
s, averaging se
the blackbody
the imager to b
3 shows an ima
collected with 
d simultaneous
he two images 
a good indicati

d to be averag
comprised the 
rea where the h
bolometer, as th
between the st

aken and used f

ifferences, such
erature of the s
tric probe is lo
e and the black
hermometric p
nce between th

e ambient temp
merous times a

ed in testing th
oles placed in t
the standard co
emperature  pr

g on one side o
gery from both
response.  In a
ave several ho
.  The blackbo
oton 640 micro
everal hundred
surface.  The 

be out of focus
age of both bla
both cameras. 
sly.  The stand
is the position

ion of how clo

ged:  One in t
center of the 
high emissivity
he cameras an
tandard coating
for further anal

h as those sho
surface of the b
ocated.  The bl
kbody center.  T
probe.  The ch
he measured a
peratures near 
and is fairly w

he high emissiv
the surface to c
oating on the le
rofile shown in

of the blackbod
h coatings rem
addition, a bla
les placed in t

odies were then
obolometer.  Bo
d frames to red

cameras were
s and to fully f
ackbodies colle
  The two blac

dard coating av
n of the temper
ose the radiance

the area wher
cavities in the

ty coating was
nd optics chang
g and high emi
alysis. 

own in the prof
blackbody may
lackbody with 
The holes plac
hange in radia
and actual surf

25C in the da
well known to 

vity coating.  T
create small cav
eft and the high
n Figure 4. 

dy and the high
moving effects f
ackbody with 
the surface to 
n tested using 
oth tests involv
duce temporal 
e calibrated usi
fill the sensors
ected at a set p
ckbodies were
verage was use
rature profile sh
e of the high e

re the standard
e modified bla
s applied.  Som
ge with the am
issivity area (ca

file from Figu
y not be the sam
the small cavi

ced in the stand
ance due to em
face temperatur
ata collected.  
be 0.97 in the

The left image i
vities with nea
h emissivity co

h emissivity co
from temporal 
standard coati
produce a set 
two infrared c

ved measuring
noise and ave

ing a blackbod
s field of view 
point of 60C.  T
 measured in t
ed as a referen
hown in Figure
emissivity coat

d coatings of 
ackbody with 
me long period

mbient environm
avities in the o

ure 4, it is imp
me as that in th
ities provides a
dard coating bl
missivity will 
re.  The effect
The emissivit

e MWIR regio

is a blackbody 
ar unity emissiv
oating on the ri

oating on 
changes 

ings was 
of small 
cameras:  
g the two 
erage out 
dy with a 

with the 
They are 
the same 
nce point 
e 4.  The 
ting is to 

the two 
standard 

d drift is 
ment.  In 
one black 

ortant to 
he center 
a way to 
lackbody 
follow a 
t is more 
ty of the 
on of the 

   

vity.  
ight.  

Proc. of SPIE Vol. 8706  870609-4www.sbir.com 4



 
 

 
 

 

spectrum.  A
on the differ
coating and t
line gives a f
same emissiv
This value i
emissivity co
0.001 was as
Figure 5 give

Figure 4
Note tha
blackbod

 

Figure 5
the cente
theoretic

Assuming this v
rence between 
the cavity and 
fit to the data a
vity and a grad
s reasonably c
oating has not 
ssumed for its 
es an emissivity

4.  Temperature
at the high emi
dy with a comp

.  MWIR appa
er of the caviti
cal curve for th

value for the em
the surface an
high emissivit
ssuming a cavi

dient of 0.0025
consistent with
had its conduc
thermal gradie
y of 0.999.  

e profile of blac
ssivity coating
plete standard c

arent temperatu
ies in the stand

he standard coa

missivity, a tem
nd cavity radia
ty coating extra
ity emissivity o

5 times the diff
h the thicknes
ctivity measure
ent.  The fit to 

ckbodies used 
g has an appare
coating. 

ure differences 
dard coating so
ating using the 

mperature grad
ance.  Figure 
acted from the
of 1 and a stan
ference betwee
ss and thermal
ed, but is thinn
the MWIR hig

for testing.  Th
ent temperature

between the st
ource plate, alo
measured valu

dient can be ex
5 shows the m

e regions of int
ndard coating o
en the ambient
l conductivity 
ner than the sta
gh emissivity c

he location of t
e very close to 

tandard and hig
ong with fits t

ue of 0.97 as th

xtracted from th
measured diffe
terest in the M

of 0.97.  The so
t and thermom
of the standa

andard coating
coating, shown

 
the profiles is s
 that of the cav

 
gh emissivity c
to that data.  T
he emissivity. 

he data collecte
erences of the 

MWIR data.  Th
olid line is a fit 

metric well temp
ard coating.  T
g and  a priori 
n by the dashe

shown in Figur
vities placed in

coatings relativ
The dotted line 

ed based 
standard 

he dotted 
with the 

perature.  
The high 
value of 

ed line in 

re 3.  
n the 

ve to 
is a 

Proc. of SPIE Vol. 8706  870609-5www.sbir.com 5



 
 

 
 

 

 

The LWIR im
MWIR.  Tha
emissivity of
gradient term
are shown in
of the hemisp
not in agreem
response ran
reflectance d

Figure 6
the cente

 

3.3 Emissiv

The emissivi
MWIR data.
band.  The c
accurate to .0
coating and c
emissivity.  T
camera and i
measured he
seen in the L
the physical 
and neither s
were prepare
further inves
imagery data
incomplete k
until further m

 

magery was pr
at coupled with
f the standard 

m extracted from
n Figure 6.  The
pherical data.  
ment with the
ge of the micro

data collected w

6.  LWIR appar
er of the cavitie

vity Discussion

ity estimates e
  The hemisph
cavities provid
001, an emissiv
cavity radiance
The LWIR dat
its greater prec
mispherical re

LWIR hemisph
differences be

spectrometer c
ed at different t
stigated as the
a, the broadba

knowledge of t
measurements 

ocessed in a fa
h the reduced 
coating, made

m the MWIR d
e fit to the stan
The fit to the h

e hemispherica
obolometer.  H

with the Bruker

rent temperatur
es in the standa

n 

extracted for t
herical reflecta
de an approxim
vity of 0.999 c
e are very close
a shows more 

clusion toward 
eflectance data
herical reflectan
etween the two
an be easily u
times so the va
e coating deve
and emissivity
the cavity emis
can be made w

ashion similar t
separation betw
e an independe
data was used 

ndard coating d
high emissivity

al data which w
However, this v
r FTIR. 

re differences b
ard coating sou

the high emis
ance data yield
mation of an i
annot be claim
e to their expec
variation than 
drift with the 

.  The data col
nce.  This may

o samples make
used to measure
ariation may be
elopment progr
y estimates fr
ssivity, it is pr
with a traceable

to that of the M
ween gradient 
ent derivation 
in both coating

data produced a
y coating produ
would produce
value is consis

 

between the st
urce plate, alon

sivity coating 
ds values that 
ideal source, b

med in good fai
cted values, gi
the MWIR.  T
environment.  
llected with th
y be due to an 
e it impractica
e one of the fu
e due to an unk
resses.  Given
om the image
rudent to limit 
e reference. 

MWIR.  The LW
and emissivity
of the gradien

gs and an emis
an emissivity o
uced an emissi
e an average 

stent with the s

tandard and hig
ng with fits to t

are rather rem
are within the

but without a k
ith.  That said, 
iving weight to
This is attribute

The LWIR im
he Bruker FTIR

unknown vari
al for one to be
ull sized sourc
known process
n the relative 
ery data are a
the emissivity

WIR data was 
ty in the LWIR
nt impractical.
ssivity fit for e
of 0.958, in goo
ivity estimate o
emissivity of 

small rise in re

 
gh emissivity c
that data. 

markable, espe
e estimated ac
known referen
the difference

o the near unity
ed to both the l

magery data is 
R does not sho
iation in the sa
e measured in 
ce plates.  The 
s variation.  Th
agreement bet

assumed to be
y claim for the

more variable 
R and the lowe
.  For consiste
each.  The data
od agreement w
of 0.995.  This
0.98 over the 

eflectance show

coatings relativ

ecially those f
ccuracy of zero
nce with an em
es between the 
y estimate of th
lower sensitivi
not consistent 
ow a similar fe
amples.  Unfort
the other spec
 two different 
he discrepancy
tween the Bru
e correct.  G
e new coating 

than the 
er LWIR 
ency, the 
a and fits 
with that 
s value is 

spectral 
wn in the 

ve to 

from the 
o in that 
missivity 
standard 

he cavity 
ity of the 
with the 

eature as 
tunately, 

ctrometer 
samples 

y with be 
uker and 
iven the 
to >0.99 

Proc. of SPIE Vol. 8706  870609-6www.sbir.com 6



 
 

 
 

 

 

3.4 Applica

Targets are a
requirements
applied to th
shows a micr
slit is 30 um
defined and s

 

Figure 7
applied a
after the

 

3.5 Constan

Santa Barbar
of extended 
where the s
implemented
current temp
from the curr
end temperat

The new algo
from a near 
above ambie
faster slews 
results from 
generally sim

ation to targets

also an area of
s for a target i
he blackbodies 
roscopic photo

m wide and sho
show no round

7:  Microscope
after the featur
 application of

nt Slew Rate 

ra Infrared, Inc
area blackbod
ource for a b

d can be used 
erature.  The c
rent temperatu
ture is met, afte

orithm was tes
ambient 25C, 
nt and then ba
were set to sto
the 0.05K/min

milar.  Deviatio

s  

f concern in ra
include the co
as described a

ograph of featu
owed no measu
ding after the hi

e image of a t
res were made 
f the high emis

c (SBIR) has al
dies.  This capa
backlit target i

for any slew 
control allows 
ure to the end t
er which the bl

sted using a SB
down to a reas

ack to 25C.  Th
op before they

n and 3.5 K/min
on from profile

adiometric testi
oating be comp
above has also
ures on a target
urable change 
igh emissivity 

target with sm
in the target.  T
sivity coating

lso implemente
ability is prim
is slowly chan
rate and is pr
a user set slew
temperature is 
lackbody will s

BIR 4” Infinity
sonable delta t
he algorithm w
y exceeded the 
n tests are show
e is measured d

ing and can be
patible with th

o been shown t
t that was coat
in width.  The
coating was ap

mall features an
The slit shown

ed a  new cons
marily meant fo

nged until the
imarily limited

w rate and end 
established an

settle at the end

y extended area
temperature fro

was tested over 
maximum del

wn in Figures 
during each pa

enefit from a h
he production 
to be compatib
ted after the fe
e slit corners a
pplied. 

nd high emiss
n is 30 um wide

stant slew rate 
or minimum re
e target is jus
d by maximum
temperature.  U

nd the blackbod
dpoint until an

a blackbody.  
om ambient, th
a series of rate

lta T from amb
8 and 9 respec

ass through the

high emissivity
of very fine 

ble with target
eatures were m
as well as that 

 
sivity coating. 
e and did not m

control algorit
esolvable temp
st visible.  Ho
m slew rate of
Upon the comm
dy controlled t

nother comman

The system wa
hen up to a sim
es from 0.05K

mbient when go
ctively.  Plots f
e control loop (

y coating as w
features.  The
t fabrication.  

made in the targ
of the square 

 The coating 
measurably cha

thm for its Infi
perature (MRT
owever, the a
f the blackbod
mand to start, 
to that profile 

nd is received.

as commanded
milar delta tem

K/min to 10K/m
oing cold.  Plo
from the other 
(approximately

ell.  The 
e coating 
Figure 7 
get.  The 
are well 

was 
ange 

inity line 
T) testing 
algorithm 
dy at the 
a profile 
until the 

d to slew 
mperature 
min.  The 
ots of the 

rates are 
y 3 times 

Proc. of SPIE Vol. 8706  870609-7www.sbir.com 7



 
 

 
 

 

per second). 
measurement
the profile, a
deviations fo
30 seconds a
the maximum
higher rates. 

The new alg
comparable t

 

Slew R
(C/

Std. dev. (
Max dev. (

 

 

 

 

 
Santa Barbar
The coating 
data collecte
claims are li
constant slew
to sub-mK ac

 The deviatio
ts was perform

after which tim
or each of the s
after the start o
m deviations la
  

gorithm provid
to the sub-mK 

Rate 
/min) 0.05 
(mK) 0.1 
(mK) 0.6 

ra Infrared, a H
has higher em

ed.  Although t
imited to 0.99 
w rate algorithm
ccuracy for rate

ons recorded w
med.  After the
me the profile i
slew rates teste

of the slew.  Th
arger than 1mK

des excellent s
accuracy of th

Tabl

0.075 0.1 
0.1 0.1 
0.3 0.4 

Figure 8.  C

HEICO compan
issivity than th
the data indica
until further t

m was implem
es less than 5K

were based onl
e slew is starte
is generally he
ed.  The avera
he maximum d
K are due to th

lew rate contr
e blackbody in

le 1.  Results f

0.25 0.35 
0.2 0.2 
0.9 1.3 

Constant slew 

4. S

ny, has develop
he standard coa
ates a MWIR a
testing with a 

mented and test
K/min.  

ly on the indiv
d, the blackbo

eld with sub-m
ge deviation is

deviation is ove
he system taki

rol with accura
n a steady state

from constant s

0.5 0.75 
0.4 0.5 
1.5 2.3 

rate results for

SUMMARY

ped a high emi
ating and appr
average emissi
traceable refe

ted.  The testin

vidual measur
ody typically ta
mK accuracy.  T

s the standard 
er the same tim
ing slightly lon

acy to the des
e.      

slew rate tests.

1 1.5 
0.7 0.2 
3.1 1.7 

r 0.05K/min rat

Y 

issivity coating
roaches unity b
ivity 0.999 an

erence can be p
ng showed exc

rement at that 
akes 30 second
Table 1 gives 
deviation from

me.  For slews
nger than 30 s

sired profile fo

2 3.5 
0.4 0.7 
2.5 5.7 

  
te test.  

g for improved
based on the re
nd a LWIR em
performed.  O
ellent tracking

time, no aver
ds or so to stab
the average m

m the profile be
s faster than 0.3
seconds to sett

or rates below

5 7.5
1.2 1.2
9.2 9.2

d radiometric a
eflectance and 

missivity of 0.9
On a separate s
g of the desired

raging of 
bilize on 

maximum 
eginning 
35K/min 
tle at the 

 5K/min 

10 
1.3 
5.8 

accuracy.  
imagery 

995, both 
system a 
d profile, 

Proc. of SPIE Vol. 8706  870609-8www.sbir.com 8



 
 

 
 

 

  

[1] E.L. Der
(1996) 

[2] G. Mati
Testing,

[3] P. Bryan
Systems

reniak and G.D

s, J. Grigor, J
" SPIE Proceed
nt, J. Grigor, S
 for High-Perf

Figure 9.  C

D. Boreman, [

J. James, S. M
dings 6207, (20
. McHugh, S. 

formance IR Se

Constant slew 

REF

[Infared Detec

McHugh, P. Br
006) 
White, " Perfo
ensors," SPIE P

rate results for

FERENCES

ctors and Syste

ryant, " Radia

ormance Comp
Proceedings 50

r 0.05K/min rat

 

ems], John Wi

ance Calibratio

parison of Refle
076, (2003) 

 
te test. 

iley &amp; So

on of Target P

ective and Em

ons, New York

Projectors for 

missive Target P

k, 56-71 

Infrared 

Projector 

Proc. of SPIE Vol. 8706  870609-9www.sbir.com 9




