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pass from the gimbaled mirror to the reflector without the

need for holes or slots.

7. The reflectometer of claim 1 wherein the secondary
mirror is a beamsplitter for allowing the incident Hght to
pass from the gimbaled miror to the reflector thhout the
peed for holes or slots

10
8. The reflectometer of claim 1 wherein the sonrce of light
is adjustable in its angle of incidence on the surface from
normal to about 80° off normal.
9. The reflectomster of claim 1 wherein the source of light
is a black body source.

I
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1.
DIRECTIONAL REFLECTOMETER FOR

MEASURING OPTICAL BIDIRECTIONAL
REFLECTANCE

‘The present invention is an apparatus for laboratory or

field measurement of the optical 1V, visible, and IR bidi-
rectional reflectance to determine the quality of a suiface,
measaring full-bemisphere, nonintegrated directional réflec-
tance of applied coatings. - ,

BACKEGROUND ART

It is difficult to accurately measire the emxssmt) or

refiectivity of a surface especially atlow grazing angles; but !

the need for reliable measurements is ever increasing, espe-
cially for military vehicles where these physical character

istics {and their control) are significant featares for sarvival

with respect t6 detection with modein optical (infrared {IR}
and visible) seekers. Today, ‘measurements of an entire
vehicle are difficult; expensive, and require a carcfuﬂy
controlled or measired environment.

‘The present invention addresses a need to measure ﬁ;atIR
directional emissivity and reflectivity of surfaces and coat-
ings. The emissivity and bidirectional reflectivity play a
major role in determining an airframe’s total IR signature.
Coatings are often designed to produce particular emissivity/
reflectivity ‘characteristics. While techniques exist to mea-
sure these properties for small samples in the laboratory,
none of these methods are suitable for measuring the prop-
erties of the coatings once they are applied to & iarge
aidframe. .

In U.S. patent application Ser. No. 08/184,556, we
described a laboratory emissometer for measuring the emis-
sivity of sample coatings. This device is useful only for
small samples and is not suitable for measuring the signature
of a surface or vehicle, ¥t is, nevertheless, a useful tool for
designing coatings. The emissometer operates by measuring
the radiation eminating from the surface because of its
temperature. This device is capable of measuring the emit-
tance: from normal to the surface (0°) to a grazing aegle of
about 800° off the normal spectrally and as a function:of
temperature between ~65° E and 400° F,

Surface Opncs markets a protable meastirement dt:vzec
that operates in the IR.

Modern afrcraft have specifications and regnirements for
emissivity and refiectivity (based on the IR signafure goals)
that present new. issues relative to the inspection techniques
and tools required for manufacturing and maintenance. In
particular, the IR signature is affected by the exterior coating
reflectance and emittance. The performance of the coating
can be sensitive to variations in the coating materials,
application processes, and to environmental exposure. To
assure that an aircraft meets IR specifications, IR coating
performance must be tested as applied on the air vehicle
surface. Such measurements must be repeated on a regular
maintenance schedunle and after repairs to assure confinuing
signature performance of the aireraft. These measurements
must be nondestructive, rapid. and require minimal skill
level and training. Measurement devices shouid be easily
portable {hand-held if possible), affordable. rugged, and
require little support (stapdard power, roOm ISmperamre
detectors).

NDE (nopdestructive evaluation) measuremenis must
provide sufficient information to assess whether the surface
meets coating and vehicle specifications. It is important that
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the informaticn be of sufficient content and quakity, without
incurring costs associated with collecting unused informa-
tion, In addition, the instruiment 1oust be ableto collect data
-and indicate pass/fail to the operator;

SUMMARY OF THE INVENTION

The directional reflectometer of the present invention isa
compact system for measuring crissivity/reflectivity of
coatings -applied to Iaboratory coupons or to large objects
which are not amenable to testing in the laboratory, The
intended role is for quality assurance during manufacturing
and in field service to verify that coatings are performing
properly. The:invention also enables a significant advance-
ment in the labofatory measurement of ‘surfaces because it
provides a rapid and intuitive means of understanding the
directionality of rncasured surfaces. We use reflective. and
refractive optics to form an “image” of the angular distri-
bution of Hght reflecting fromi the surface of interest. Our
concept allows vxrmaﬂy all-of the TR light Jeaving a surface
10 be collected onto 2 single xmagmg amay of possxbiy
non-imaging detector.” *

The reflectometer is a small, traveling, bmadband R
{312 pm) device-or 2 UV, visible, and near IR (0:3-3 )
device which is attached t0 a computer. The computer
analyzes the data collected at the imaging array and presents
it in several formats, most notably a “pass-fail.” Tn this
device (1) reflection is measured at incident and reflected -
angles between near-normal and grazing (up to 88° from
normal}, (2) an angle-space “image” is formed of the scat-
tered radiation, providing full directional reflectance infar-
mation at 2 glance, and (3) the rapid response of this type of
system alfows data to be collected contingously as- the
device is moved across a surface. The angle-space “image”
contains enough information to assess both standard and
special surfaces or coatings and can be integrated to deter-
mine total hemispherical réflectance. Personal or laptop
computer-based apalysis permits . rapid’ determination of
pass-fail responses. :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic of the directional reflectometer of
the present invention including an enlarged illustration of
the screen display. '

FIG. 2 is a schematic side elevation of a preferred
reflectometer of the present invention.

FIG. 3(A~L) illustrate refiection of the incident beam off
the ellipsoid side walls showing an A & B full hemisphere
imaging. FIGS. 3A and 3B are taken from the plane of
incidence, ine A—aA in FIG. 2, while FI1G. 3C s taken from
the plane of the source and radiant beam, line C—C in FIG.
2

FIG. 4-1s a graph showing mapping of angle space ontc a
2-D plane.

FIG. § is an alternate embodiment using an ellipscid
reflector and a series of lenses.

FIGS. 6 & 7 are variations of the refiectometer of FIG. 2.

FIG. 8 illustrates a variation using hexagonal lenses.

FIG. ¢ illuswates another vadation using pentagonal
Ienses

F*G. 16 illustrates a variation using square lenses.

FIG. 11 iliustrates a variation using refraction of the
scattered radiation by an amray of three shaped lenses.

FIG. 12 illustrates a final variation using a single rotating
lens to obtais full hemispherical coverage.



. 3
DETATLED DESCRIPTION OF THE
'PREFERRED EMBODIMENT

The directional reflectometer of the present invention
measures the optical bidirectional refiectance of a surface to
provide the reflectivity and estimated emissivity, The device
s small, portable, and potentially provides either broadband
(3~12 pmy or spectral reflectance between near nommal and
grazing augles permitting pass-fail asscssmcnt of surface
quality in the field.

Before describing the device, ﬁrsr we will discuss the

significance of the measurements that the device allows us -

‘tomake. . :
Both emission and reflsction information aré used to

determnine aireraft sighature in conjunction with assumptions

regarding the vchmle mission, flight cnvironment, and
speed. Requiréments to measure reflectance vary from rela-
tively simple to complex depending on the surface materials
and the vehicle specification. Typically, directionat herni-
spherical reflectance measurements (specular and diffuse)
are used for routine measurements, and. selected. bidirec-
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tional reflectance (BDR) measurements are used for special -

purposes such a$ determining contamination or degree of’

damage on highly specular surfaces The combination of
these measurements provides, the desired information for
most surfaces. however, the meastrement of full bidiree-
tional reflectance disttibution functions: (BRDF} can con-
siwme days per sample and therefore is not useful for
manufacturing quality control, maintenance, inspection. or
post-repair inspection of air vehicles. For NDE applications
a much simpler, cost-effective method is needed.

Emittance would be difficalt and costly to measure on.an
aircraft surface because of the necessity to control and know
surface temperatre accurately, Therefore, emittanceds often
calculated from the total bidirectional hemispherieal refiec-
tance assuming the validity of Kirchoff®s law. Thislaw states
that if 4 blackbody and an arbitrary body are in thermal
equilibrium, the absorptivity (o) integrated over all wave-
lengths is equal to the emissivity (€) infegrated over all
wavelengths. Tt can also be shown that this equality is tue
at each wavelength (a(A)=e (X)) where the temperature of
each body is the same. The Total Power Law states thatwhen
radiation is incident on a body. the sum of the absorbed
radiation. the reflected radiation, and the tansmitted radia-
tion is equal to unity (o=p+r=1). This Total Power Law
relationship is also trte for specific wavelengths (O{(AJ+p(A)
+t(A)=1), When Kirchoff’s law is combined with the Total
Power Law, and the surface is assumed to be opague (t=0)
and in an isotropic radiative enviropment, and at a uniform
ternperature, the emissivity is equal to one minus the refiec-
tivity (e=1-p or €(A=1-p(A)). These equations zlso are
rrue for specific angles of view (0.0). but generally are not
hue for the two different components of polarization.

Making these assumptions, directional emittance is cal-

culated from direction hemispherical reflectance which is
typically measured using one of the three following meth-
ods.

1.) Dluminating at a specific angle of interest (8.4) and
detecting hemispherically, typically by using an inte-
grating sphere. Most total hemispherical reflectance
measurements are made in this manner using angles of
incidence near normal. Care must be taken in these
measurements when measuring at incident angles of
greater than 50°. ¥ the sample surface is placed at the
center of the sphere, it is pot possible to measure an
extended surface. If the material to be measored is
placed on the integrating sphere wall, extended sur-
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faces can be measured, however, the angle of incidence
islimited cluie to the inability to place the source at near
grazing incidence without illuminating the: sphere wall
directly or withont bumping the source into the surface.

7). Tominating hemispherically and collecting radiation
specirally or band-averaged at the specxﬁc angle of
interest for emission (6,¢). An example of this type of
systern has been built by Surface Optics Corporation

. using a blackbody source at onefocus of an ellipse and
‘the sample at the other focus, The detector is moved.
between 10° and 80° off normal, This type of meastre-
ment: provides an integrated directional reflectance, -
however, all information is 1ost relating to the angular
distribution of the reflected radiation. Angular dlstn-
‘bution is important to know, as air vehicle IR specifi-
cations are written for threat defeat over a tange of
angles.

3. Integrating the ‘mdxrecuanal 'scatter measured over the
hemisphere for 2 particular incident angle (8,¢). This
integration is a time consuming measurement and: the
numerical integration to produce a total hemispherical
reflectance includes the summation of many sources of - .
error resulting in inaccurate datd and conelusions.

None of these methods are known to'be commcrcxaliy

available as hand-held devices in thé infrared, except for the
Surface Optics device mentioned catlier, Small hand-held
reflectance deviees for NDE are fairly commonin the visible
range and are used for measuring color or contamination.

- For example, Toornay Mathis provides small hand-beld

40
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scatterometers which detect the bidirectional scatter at par-
ticular incident and detection angles. Bidirectional scatter
measurements such as thesé are Yimited for the purpose of
evaluating signature-related performance becanse thiere is po
measurement or integration of the total reflected energy,
only specific (and limited) information about the directional
scatter, ‘ :

In summary, existing devices and measgrement methods
fall short of the need for NDE because they are not typically
designed for measurements in the IR at the angles of interest,
nor are they designed for NDE use (measurement fimes are
too long), or the optical design does not permit viewing of
an extended surface (limitations on sample size and
eurvawre). In addition, no existing system will provide both
directional scatter information (important for reflected con-
tributions to the IR signature) and a total hemispherically
integrated reflectance (important for caleulating the emitted
contribution to the signature).

1In contrast to previous approaches, our proposed concept
provides: (1) the ability to measure at incident angles of up
to 80° or greater off normal, and (2) the ability to determine
both an integrated total hemispherical reflectance with
greater throughput than measurements using integrating
spheres and an image of the scatiered intensity over a
hemisphere {some of our designs under consideration
require an internal or external rotation of 180° to collect full
hemispherical information for non-isctropic samples).

QOur device 106 for measuring the hemispherical refiec-
tance forms a video “image” of the angular distribution of
the specularly and diffusely reflected radiation. Our baseline
design concept, illustrated in FIG. 2, uses the imaging
properties of an ellipsoidal reflecror 10. Light diverging
from ons focus 12 of the ellipse is specularly refiected and
converges towards the second focus 14. butis redirected by
a secondary mdsror 16. In our configuration, the major axis
18 which passes through the foci 12 & 14, is tilted relative
to the sample surface to facilitate the coliection of graziag
rays.
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For an Isotropic: surface, for which all azimuthal orienta-
tions are equivalent, e.g. typical paints, it is sufficient to
_colect only half of the diverging rays if the symmetry of the
problem is exploited. The IR beam which illuminates the
sample at the lower focus 12, onst travel in a plane which

passes through the Iower focts and 45 pcxpcndxculm* to'both

the sampie strface and the plane of the figure (end views are
shown in FIGS, 3-Aand 3-B). T the surface is not isotropic;
_ copnplete hemispherical reflectance data can be obtainad by
making an additional measurement in which the beam
crientation rexpaing fixed relative to the samiplé sutface but
the instrament azimuth angle is rotated by 180° (FIG. 3-C
filgstrates this rotation),
" The fllumination scheme shown in FIGS. 2 and 3 also

utilizesthe properties of the aihp<01¢ An'TR source 20, such

as 2 'blackbody, glow bar, or iamp is collimated to form a

beam which is directed onto a mirror 22 Iocated at the upper

focas 14, The beam passes through a hole in the secondary
mitfor 16 and srikes the eliipsoidal refiector 10 which relays
the beam to the lower focus 12 on the sample. With a gimbal
miitror 22 which pwots on. the: upper focus 14 and an
appropeiate slot in the secondary mirror, the angle of inci-

- dence can be varied from normal to near grazing (>80%). A
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“second slot or hole s needed o allow fixed ilumination -

wihen the device 15 turned 180° for measuring non-isotropic
surfaces (FIG. 3-C). This ‘would probably also emtail a
trasislation of the secondary mirror to shift the unused bole
to avoid losing the specular refiection of the beam.

One way to obtain hemispherical reflectance data is to
allow the reflected rays'to converge onto a large-area single-
element IR detector. Inthe-absence of the Muminating beam;
the detector signal is proportional to the sum of the self:
emitied and reflected radiation from the sample surface. ¥
the measuring device is in thermal equilibrium with the
sample, the total IR-energy Jeaving the sample surface would
equial that of a blackbody at the same temperature, When the

lluminating bear 15 tumed on, the change in detector signal

is attributable to the specular and diffuse reflections of
interest. In practice, this measurement will require chopping
of the beam 24 and subtraction of the two detector signal
levels to determine the desired reflectance.

‘The single detector approach provides a simple integrated
number but ignores valusble information related 10 the
details of the angular distribution of the reflected light. Such,
information can readily be obtained in the form of an image
by using an IR focal plane array 26 or a scanning type
" imager, If the illumipating beam at the lower focus was of
negligitle extent, an image .of the angular distribution is
formed simply by displacing the detector plane in front or in
back of the image focus. For an illumination spot of finite
extent and an array- of reasonable size, an image formed in
this manner would have poor angular resolution, By using an
appropriate lens 28, we can observe the far-field distribution
pattern in the detector plane. As with the single detector, we
use beam chopping and image subfraction to obtain the
desired distribution, The eold aperture 32 is maintained at a
low temperature with liquid mitrogen to reduce emitted IR
radiation impinging on the array. While the energy distri-
pution in these images will vary with sample material and
angle of incidence, the grid 3@ representing the mapping of
angle space onto & 2-D plane will remain fixed. An optical
raytrace code was ased to determine the shape of thiz grid
and it is shown in FIG. 4. The particular geometry corre-
sponds to a focus separation of 3 in and the upper focts 1 in
higher than the lower focus. The calculation assumes that the
refiector surface extends well beyond the half hemisphers of
interest. The grid lines are marked according to elevation
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angle and azimuth angic For typical arrays and imagers, the
output video image is inverted and fipped lefito-right
leading to & image that resembles the view from the inside
of 4 globe. For reference, a box con‘esponfhng tothe field of
view. achievable by an Inframetrics 760 xmagcx with a
0.25xdens 48 shows. ;

FIG. 4 also shows sorie xepresantatwe blur Spots 25s0ci-
ated with & square 2 m-by-2 min illamination- Spot. Ineach
case, the blur represents the Jocus of ‘points in the image
associated with rays leaving the. spot.at a amiform angle.
These size of these bhirs are expected to.be limited by the
size of the lens eptrance pupil ou the Inframetrics 760
imager. These results include only those abemations intro-
duced by the finite ilhunination spof geometry ‘and the
ellipsoidal reflector. Some additional aberration will result
from the 1&ns system used to create the far-field: pattern.

A single pumber for the half-hemispherical reflectance
can be obtained by ddding ap the intensity that falls within
the +00° and ~90° azimuth and the 0° to.90° .elevation
contours. Sincetypical arrays and imagers provxde standard:
Vidéo cutputs, there-are many: ‘available choices of comyuta‘
hardware software to support the vxdco unage subtraction

‘and processing, If desired. computer processing can remap

{he grid 30 to a more convenient shape, compute statistics:
describing the reflection of automatically compare the mea-
sured distribution with & stored ideal distribution to deter-
mine whether it is within allowed tolerance. Wn,b computer
control over data acquisition. and apy moving parts in the
devieg, we can make arapid assessment of the bidirectional
raﬂccrancc‘ for incidence angles between normal and graz-
ing. If refererice samples are available, we make direct
comparisons between coatings 10 negate any concerns about
calibration drift. Also, we can use calibration samples such
as diffuse and specular gokl to verify proper operation of the
measurerment system. :
‘We have completed design analysis on the baseline con-
cept which demonstrates - its feasibility and measure. of
expected performance, The specific configuration of the
baseline shown, in FIG. 2 is only one of many alternate
designs which could provide angle-space imaging of the

_directional scatter. The device uses a reflector and/or lens

system to collect the light from a large solid angle and
subsequently images the far field distribution pattern. Other
reflector and iflumination géometries or the use of lenses
may aiso be suitable depending-upon need and the desired
level of sophistication.

The alterpate designs may offer optimum measirement
system for NDE applications. In particular, the: concept
shown in FIG. 5 provides full hemispherical coverage and
no moving parts. It should also be relatively easy to keep
clean. This design is perhaps the most elegant, as well ‘as
robust.

The device in FIG. 5 isbased on an ellipsoid reflector (out

off at both ends) and a series of lenses. In this concept, one

end of the cut-off ellipsoid reflector sits on the surface. The
iltumination beam is brought in through the side wall of the
ellipsoid refiector. Reflected radiation is separated (by the
combined effects of the ellipsoid reflector and lens) into two
distinct areas at the angular “image” plane: (1) in FIG, § the
radiation which is scattered from the sample at angles
between 90° and 15° is refiected off the wall of the ellipsoid
oficctor: those rays pass through the lens with limited
change in direction; and (2) the radiation scattered from the
surface directly onto the lens is focused by the lens toward
a focal point beyond the angular “image™ plape.
The angular “irage” in this plane is shown as a doughnut-
shaped section (reflections into angles between 15° and 50°



ra
in elevation (rélative to the surface normal)) .anid & center
section (reflections inte angles between 0° and 15° in

elevation).
From the angtilar “Image™ plane the radiation is collected
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by a lens which has two sections, d positive (convex) lens s

and @ negative {(concave) lens. We can thake this lens by
cisttiag a hole in the convex Jens and mounting the concave
lens in the center or we could use a spcmal optic lens.

Radiation emsrpes parallel from this Jens, and is redoced by
a series of two lenses {Galilean telescope) to fit on 4 small

detector array, In summary, our device provides foll hemi- -

spherical “imaging” with sufficient angular resolation: The
conceptual design appears to fit within - size constraints,
involve no moving parts (umless it is desired to change
incident angle), and involves only one standard detector
array (of single defector for collection of total hemispherical
reflectance).

Concepts ﬂlustmtcd in FIGS. 6 & 7 are variations of thc
baseline design (FIG. 2}, These variations are included to
itlustrate the different advantages available with slight modi-
fications to the baseline design: In FIG. 6 the incident IR
beam is injected. through the ellipsoid wall of the reflector
and the detector array ds included Just beyond. the uppcr
focus of the ellipsoid refiector.

“The deviee in FIG. 7 uscs a 50/50 beamsphncr in place of
the secondary mirror to allow the incidest beam to pass

_through the beamsplitter at any desired angle without the
need to put holes or slots in the mirror.

Concepts. illustrated g FIGS. 8-12 are based on the

refraction of the scattered radiation by a shaped lens amray
with as few as three lenses (FIG. 11). In these concepts, the
lenses cover the hemisphere and each lems focuses the
radiation from the sample onto an amray set slightly away
from the lens focus. Each of these lens systems could be
fixed or reduced in the number of lenses and rotated. The
device in FIG. 12 may be the cheapest, using only a siagle
lens and array. In this concept the lens rotates about the
vertical axis to provide fill hemispherical coverage.

While described with reference to IR radiation, the con-
cepts apply to other frequencies.

The device accomplishes the following unique functions:
1. The configuration of an array or other imaging detector
~ viewing/measuring the far-field angular distribution of

light refiected from the surface;

2. The concept of integrating the far-field angnlar distribus
tion by summing, or by replacing the array/imager with a
single detector, 5o as to obtain the fotal hemispherical
reflectance;

3. The device functions as a light-gathering system which is
a combination of an cllipsoid and leéns system Which
gathers 2 distinct classes of light rays: rays reflecting from
the surface and then off the ellipsoid mirror. and rays
reflecting directly from the surface to be rmeasured form-
ing an annular ring pattern in the plane of a “bifocal” lens,
including:

(a) an ellipsoidal mirror with two ends cut-off, one end is
cut so that the surface to be measured is perpendicular
tothe major axis of the ellipsoid, and the surface passes
through one of the elipsoid foci;

(b} a simple or compound lens which Is centered at the
second ellipsoid focus and is sized large enough to
collect those rays which do not interact with the ellip-
soidal mirror:

(c) Tormation of an anguiar image plane;

{dj rays amiving at the angular image plane are of two
classes: '
(i) rays reflecting direcily from the measured surface

and forming the cenmtral core of the image. mot
interacting with the ellipsoidal mirror, and
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(i) those raysrefiecting off of the measured surface and
. then off of the ellipsoidal mirrer which fill the
anpuiar ring of the image;

{e) a special “bifocal” lens or lens system placed at the
image plane which is diverging to the core rays and
converging totherays in the annuiarring, soastomake
all rays exiting the angular image plage vcry nearly
para)}ﬁl.

) a reducing telescops 10 matdz the rays exiting the

_ angalar fmage plane to the sclected sensor aray or

" other imiager or a single detector; and -

(g) the light beam can ilhominate the surface to be -
measured over a wids range of angle, mcludmg near

-. giazing angles. =

4, Alternate emboduments use lens arrays (with as few as
three lenses) in conjuaction with detector armays or other
imagers to form images of the angular dxsmbuuon of light

- scattered from the surface.

. 5. A-single lens and detector array can be rctated about an

axis so as fo scan the angular distribution of hﬂhtmﬁccted

from the surface. .

While we have described prefmcd embodxmcnts those :
skilled in the art will readily recogaize alterations,
variations, and modxﬁcatmns which might be made without
departing from the inventive concept, Therefore, interpret
the claims liberally with the support of the full range. of
equivalents known to those of ordinary skill based upon this

_ description The examples illustrate the invention and not
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intended to Hmit it. Accordingly, limit the claims only. as
necessary inview of the pertineat prior-att.

‘We claim:

1. A directional refiectometer for measunng the -optical

bidirectional reflectance of & sarface, comprising:

(&) a source of Hght in 2 frequency range of interest;

{b) an ellipsoid reflector having an upper and lower focus
and positioned to receive light from the: source;

{c) a gimabaledumirror at the upper focus of the reflector for
light to the reflector for scanping the surface at ths
lower focus;

(d) a secondary mirror for redirecting reflected light from
the surface of the reflector;

{€) a cold aperture positioned substantially at the focus of
the secondary mirror;

(f) an array detector for viewing the reflected light from
the secondary mirror passing through the .cold aperture
and for creating a signal proportional to the reflected
light; and

(8) computing means for analyzing the signal of the
refiected light to compute the bidirectional reflectance.

2. The reflectometer of claim 1 wherein the frequency

range is about 3~12 pm.

3. The reflectometer of claim 1 wherein the frequency

5 range is about 0.3-3 pm.

4. The reflectometer of claim 1 further coraprising a
Galilean telescope positioned between the cold aperture and
the array detector in the path of the refiected light for
reducing the beam of reflected light onto the array detector.

5. The refiectometer of claim 4 further comprising a
diverging lens substantially at the cold aperture and an
angular image plane lens positionsd iz the light path
berween the diverging lens and the Galilean telescope, the
angular image plase lens having a convex lens periphery
surrounding a concave lens cepter section.

6. The reflectometer of claim 4 wherein the secondary
mirror is a beamsplitter for allowing the incident light to
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{54} DIRECTIONAL REFLECTOMETER FOR 7 57 ABSTRACT

‘MEASURING OPTICAL BIDIRECTIONAL , :

‘,‘REFLECTANCE ) . The present invanﬁon‘ isa :dircctional reflectometer that

1751 Inventoss: Keith J. Davis, Issaquat; Diahe e measures the optical bidirectional reflectance distribution

o Rawlings, Belevue, both of Wash. function {BRDF] of 4 suitface in sitw oni a finished article, e. g.

: - a vehicle, to provide information on its stcface emissivity,
[731 Asmgnec The Beemg Ccmp:my, Seattle, Wash. The light wavelength may be IR, near-IR or visible. Light.
preferably focused o & small spot on the. surface, is pro-

[21] Appl No: 484576  jected onto the surfacé atan angle-adjustable in azimuth and
1221 Filed: Jun. 7, 1995 elevaﬁdn.fA wide angle mirror and/or lens system transfers
6 o s light scattered. from the surface onto an imaging sensor,.

gg g‘ g ((::l; e——— Gzosjgl;ggzﬁ(}g;ggj 1/27 . . preservingscattering angle information and thereby permit-
T e prgiond s - tingthe BRDFsfora giverincidence angleand all seattering

angles tobe measured simuttaneously. A hand held-or laptop
computer sets the ncidence angle, reads the sensor outputs
and renders judgments on the quality of the surface in a

Tactory or field ervironment. -
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