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33.4: Reflection Measurement Problems ArisIng from Haze
G.~.Jone~~.~ Kelley.
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Irreprod~cibility in ~me reOection measurement
:methods arises froof.the observance of t~e h~
~componentoJ,reOection(non-regular-ipeeubirt .on-'
:'Lambeljian). Because of the haDt coDipon~Dt,.:t~e
:iqds1i1-edreflection is sensitive to the ap~ratUs

~co~~tg1Iratjo~i-:We-sb~~e-.:~ects~ of .~~tector :tens
a~re a~ai4~~~tJ1~~;~~on, t~e m~u~ement
of the reflectet~umuuiiace.' Only for deteCtors with

small. $ubtens~.:...p~I~, ~~ :t:'~p~oducibi~ty b~ ~ssured
when haie ren~bo,i"'iS,p'~Qtri~iaL ."." ".
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'tnttodtiction' .

In the development of display standards
researchers have encountered difficulties in spe~ifying
adequate reflection' metrology 'because' 'of a :lack of
reproducibility using existing measurement techniques.
Regular specular and Lambertian diffuse reflection
models have been employed to. desig~. some 9f the
measurements. By employing' a' more, comp~icated
model of reflection we are able to explain and modify
our measurements to avoid some of the anomalies.

In previous work we have introduced a three-
component reflection model based on the bidirectional
reflectance' distribution function (BRDF). 1,2 The
BRDF" relates the observed luminance to the
illuminance: . ..:.
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. dLr(8p;r) =!!fOi';i~~r.';r)~i(8i';i)""
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andiiie BRo~ c~mprisesa luieiU-~uni of ,~e three

componentS:sPec'ular'(8,.'mirrpr ,~.~~)~'diffuse (D,
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Fig. 1. Unfolded specular configuration showing the haze
reflection of a single ray into a variable aperture lens.
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, Lamberti;m); and what .we~ilI call haze (H, f~~~t~of
a better'term ) : // -' ,~ ,', .:: ~.-It ' ,. , - . - ...
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,.~.. BeCaUSethe nt ce-ofthe displau.am be~ .~

'. pJaced.m1ati'lCly_cJose_.to..duLpixeL. surface, .tlat:.panel
,dispntys~)~. be ~e itj:that.they.haveonly a
nontritfal ~h¥contP8.n~~.~ i~~~'.J;>~' O.and 8 ~ O. The
re6ectio.p~f:th~~1t~:~.n~~ht..~:be~er' reduced
by muJtjJay'~r, $ltire.fJ~QQ. .~~gs"'" It is. ~e haze
reflection compOnent that ,caUSC$ItI;1.e..:C9~U~tions in
refle~~i~!l m~~en~ Qf ~ispl~y~. !he .1D~aS.~rement
of haze 'dependS upoi{ the apparatUs ;ci>nnguration: the
distan~s of the source and detector, the aperture"or"the

(fei~~!?r,~ !h(f.#~s!!:'~!;-~~'.':a~~~~~,: ~~~:,:~On.lr.if ;~e
subtense ang{e 'orfhe detector ISsmall carr reproducible
meiSur~nieh~'.othazh'bt~ffi~de:j"; . '.:.:.. . '~':.'

.'. . '~"'Stave;r' ,':. Has'" -:--ilemonStrated' . that' th'e
measurements of the peak" of the' BRDF' near specular
can:be.redu&d t>y se:V:etalo(ders of magriitude'as the
apertUre 'of the' measUring'optics' is increased.] The
width of the Peak in~reases ~(the' aperture increases.
The ..~ombined' ~ffect iSi to flatten and broaden the

specular'~ak as the'apertUre'.i~_in~~~~ed. '.'.

Results
:. The .umin~ce"fronia'sample' illumuiated'\yith

a'singi~,.)ta:Vftom"~'li~(soutCe 'is.'shownin Fig:'l. The
light p~tb 'is shoWn:.,~ an:',unfolded"CQnfi~tioil for
simplicity:.''the haz({~tefl~oii:ltor: '-~'smgie' ray is
shoWn as ~ .tobe'..witf(i;8ri .exaggeratecl:'width,:'for
illustration.i>tlrposes~'Tii~ detector'ls a:ch8rge~upled

.d~v~~ .(CGD>,,~.ith ~ 90 m~ lens hav~g
aperture~,from' 2:8 .mlI) (fl3.2) to' '32.1 mm

; '(fI2'.S» A '. .i>6int light' $o.urce 'is." p.l~ced
:',S20'nUn', from' the sample' for'~iilum'ina.tion.

: .Fig: :2,. . sl1.0,*5 'the' resulting data. . . At
.1000,'niin: frQm'.'Jhe .s~ple' sUrface' the
detector lens' Subttnds only the' pe3kregion
of the lobe since. the collection solid angle
'rai1ge~ rrom~'O:S:.JjlS(' '«(/2,.8) ':~(j('O~OO'()msr
{f/32): iTi(~s~ .datashowail'm$e:n'sinyity to
lens aperture. However, at a 'distanCe of
200 mm the collector solid arigle ranges
from 0.16 (f/32) to 20 msr (fI2.8). At f/32
the lens measures only the peak luminance
value of the lobe. At larger apertures, the
lens averages over an increasingly larger
percentage of the haze lobe whereby the
average value of the luminance decreases
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FIg. .2. 'Reflected.luminance relatiVe 'to 'a white
standard of a haze sample:as afunction'of:

aperture ana dista~~' :'. ' ,') , I I

with aperture increase-a '40 % change in measured
luminance. '. '

After each measurement of the haze refleciion,
the sampie is repla~d by a wb~te'.s~d3Iit9 nQ~~I~
the data against a Lambertiari,refleCtor.The,c.~e~ ~
Fig. 2 are second order PolyDomials fit. thfough each
individual.data set. The effect of distance and aperture
on measured luminance is better illustrated in Fig. 3,
which plots all of the 4ata versus the collector solid
angle, or subtense angle in. Fig: 4. Similar problems
arise when the focus of the detec~or lens is changed, i.e.
whether the system is focused on the surface of the
sample or on the light source.
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Fig. J. Reflected luminance' re/~iVe 'to a white

standard of a haze stinipleaiilfijnclion of '.

collector solid angle and distance
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Fig. 4. Reflected luminance r~lative, to a wh~te
standard of a haze sample as afunction 'of
subtense angle and distance
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