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7. Assessment: In addition to the calibration services ~IST offers for

photometry. radiometry. and colorimetry via the Optical Technology
Division of NIST. a means of assessing the light-measurement needs and
capabilities of the display industry is useful. To determine the state of the
art in display measurements. NIST has started an internal cooperative
project between the Rat Panel Display Laboratory and the Optical
Technology Division referred to as the Display Measurement
Assessment Transfer Standard (DMA TS. pronounced "dee-mats").~ The
purpose of DMA TS is to simulate a very stable display that has a wide
color gamut as well as other display characteristics that are encountered
in practice such as luminance range (four orders of magnitude).
polarization. small grilles. etc.: see Fig. I. A star comparison program is
anticipated: NIST will measure the targets: ship it to the participating
laboratory that will then measure the targets they wish: it will then be
returned to NIST and remeasured. The comparison results \vill be shared
with the participant. After a number of laboratories have participated.
anonymous results will be published to reveal the uncertainties that Fig. 1. Dl\1ATS ~vith36 targets.
might be anticipated in making display measurements. The purpose is to
determine how well laboratories are prepared to measure colors. luminances. and other display artifacts. as well
as to test their measurement procedures and practices. If successful. this program will be maintained and
enhanced to serve the display industry.

Similar remarks can be made for all national metrology institutes. They are in an excellent position to offer metrology
support to a very competitive display industry.

SEEMINGLY SIl\IPLE l\IEASUREl\IENTS CAN OFFER SURPRISES

STRA r LIGHT PROBLEi\.1S: One of the most ubiquitous problems in making display measurements is stray light. The
reason it is a problem is that many are not aware of its presence. One of the most basic measurements of a display is the
luminance of full-screen white. One of the most difficult measurements is to determine the luminance of a black

character on a white screen. Both of these measurements are affected by stray light. The full-screen white measurement
is illustrated in Fig. 2. Many do not understand that their luminance meters were probably calibrated using a relatively
5mall source of light. The source of light represented by the screen introduces light extending far beyond the measured
area, and. depending upon the stray-light rejection characteristics of their instrument. they can obtain a rather surprising
range of luminance measurements. The situation can be much worse when \ve attempt to measure a black rectangle on a
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white screen. In Fig. 3 we show the surprising range of errors because stray light from the surrounding white area
contaminates the black area. The stray light contamination comes from reflections between the lens elements and
components within the luminance meter. The general tenn for such stray light is veiling glare. When the stray light
becomes clearly visible in the fonn of geometrical patterns contaminating the image (as seen in photography and
videography with bright sources present), it is often called lens flare. The problem is that many don't understand the
possible existence of the stray-light contamination. They often accept what the meter says without questioning the
measurement. It is not that their instrument is necessarily bad or inappropriate for the measurement; it is that they
expected too much from their instrument.

The use of a flat mask may also present problems. All such
flat masks reflect some of the light back onto the screen,
often on the order of a few percent. When measuring black
areas on a white screen for high-contrast displays, the
reflection of the light from the mask can be a serious source
of error. NIST has developed the gloss-black frustum mask
to better eliminate the light contamination from the mask; see
Fig. 4. A comparison between the frustum and flat masks
reveals that the flat mask outperforms the frustum mask only
if the flat mask is placed on the surface of the display and
that surface is near the pixel surface (as in laptop computer
displays).5 However, it may not be possible to place the flat
mask on the surface of the screen for several reasons: heating
effects could change the screen characteristics. the surface of
the screen could be damaged from accidental mishandling.
and the manufacturer may not permit the surface to be
touched as when offering a new prototype display for
evaluation.
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Fig. 4. Gloss-black frustum mask compared to the flat
mask.

When there is a need to measure very small dark areas on a screen with bright areas present, the problem of veiling glare
is exacerbated. Such measurements can be made using replica masks6 or narrow-frustum masks.7 Work is underway to
determine how well point-spread-function information and deconvolution techniques can be used to successfully account
for the effects of veiling glare. Regardless of the existence of software solutions, it will be necessary to provide
measurement methods to evaluate the image-processing corrections.

Related to veiling-glare corruption
of luminance measurements is the

stray-light contribution to front-
projection measurements. In
front-projection situations there
are several sources of stray light;
see Fig. 5. Whenever the intrinsic
performance of the projector is
desired to be measured, it is
necessary to properly account for
stray light or eliminate it. One
method to eliminate most of the

stray light is shown in Fig. 6. It
employs a stray-light elimination
tube (SLET) composed of gloss-
black frustums and a gloss-black
tube. The idea of the SLET is not

to attempt to absorb light by
hitting a single matte-black
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Fig. 5. Sources of stray light in projection measurements. Dark areas in the
image are especially I'l/Incrable to stray-light contamination.
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surface, but to direct the stray light rays into traps where through multiple reflections they are extinguished. Another
method to account for stray-light contributions is shown in Fig. 7. It employs a projection mask to obscure the direct rays
from the projector so that the stray-light illuminance can be measured and subtracted from the direct measured
illuminance of the projector.8 Because of its small size, it offers a minimum perturbation on the entire system. The
projection mask is useful for darkened rooms, but the SLET can render accurate measurements of the projector even in
high-ambient-light environments. Some have suggested that accurate projection measurements (as with measuring the
contrast of a checkerboard pattern) can be made in black rooms using black screens for which illuminance measurements

PROJECTOR

VIEWING SCREEN

GLOSSY BLACK CYLINDER
I

LIGHT FROM
PROJECTOR

GLOSSY BLACK FRUSTUMS INSIDE

Fig. 6. The use of a SLET in projector measurements.

PROJECTOR

VIEWING SCREEN

Fig. 7. The use of a projection mask in making projector
measurements in darkened rooms.

are made on the light from the projector. Even in such laboratory conditions, reflections from the black walls can
contribute as much as a 30 % error or more in making the black measurement of a checkerboard. Thus, even for
laboratory measurements in very controlled environments, consideration must be given to the possible influence of, and
accounting for, stray light. Diagnostics must be performed to assure ourselves that we are measuring what we think we
are measuring.

To address these problems in greater detail, a new laboratory has been created at NIST, the Microdisplay and Projection
Laboratory. In addition to working with completed projectors, the measurement of the raw microdisplay used in
projectors and various other display types has become a major concern of industry.1Additionally, work is underway to
investigate the performance of a simulated eye-design (SED) camera that may have very low veiling-glare attributes.9

REFLECTION CHARACTERIZATION PROBLEMS: Reflection measurements have been made on displays for a
number of years. However, many of those measurement methods were developed for CRT display technologies. The
newer FPDs can have reflection properties that are very different from older CRT displays, and new measurement
techniques must be developed to adequately characterize all types of display reflection. The two main categories of
reflection are specular and diffuse. Unfortunately, these terms have not always been completely understood. When we
speak of specular reflection, we mean the type of reflection that produces a distinct virtual image of the source just as a
mirror does where the observed luminance L of the distinct virtual image is proportional to the luminance of the source
4, where the constant of proportionality is the specular reflectance cr:

L =(J"4,. (specular reflection) (1)

Diffuse reflection means simply to scatter light out of the specular direction. Many have confused diffuse reflection with
Lambertian reflection. A Lambertian surface is one that exhibits the same luminance independent of the direction from
whichthe surfaceisobserved.Sucha luminanceL is proportionalto theilluminanceE fallinguponthe surface,

L =q E, (Lambertian reflection) (2)

where q is the luminance coefficient and is related to the diffuse reflectance p by q =p /re. Some have restricted their
understanding of reflection to these two simple models without realizing that diffuse reflection is usually not
Lambertian. In fact, it is difficult to find any material that is perfectly Lambertian.
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The Flat Panel Display Laboratory of NIST promotes[() a three-component mooel where the diffuse retlection is
separated into two terms: diffuse Lambertian (or simply Lambertian) and diffuse haze (or simply haze). Haze is the
closest term that people could find that would permit us to identify and distinguish it from other types of reflection. I I [n
Fig. 8 we illustrate these three components as would be observed on a black screen using a small point source of light as
obtained from a small flashlight with its head screwed off. The Lambertian component is the general gray background
that is observed much like what we would observe from dark-gray matte paint. The specular component is the distinct
\.irtual image of the bright bulb seen in the screen. The haze component is the fuzzy ball of light that surrounds the

d) DL + S e) DL + DH f) S + ° H g) DL + S + DH

Fig. 8. Three disTincTtypes of reflection encountered in displays: Lambertian. specular. and ha:.e.

specular image. A display can exhibit anyone of the three components or any combination of the three components.
Haze is an intermediate state of reflection between specular and Lambertian. The haze fuzzy ball is seen to foII0\\- the
specular direction but its luminance is proportional to the illuminance from the source (not the luminance of the source
like specular reflection).

If we examine a number of different displays. we will see how nicely the reflection properties divide into these three
categories. The three component model is needed to properly describe display reflection properties using a simple
language. A piece of copy paper is a display with primarily a Lambertian component. A mirror is a display \\lith
primarily a specular component. [f only a Lambertian component and/or a specular component is present, then the
display characteristics can be easily measured \ia the two component model that everybooy likes as expressed in Eqs.
( I) and (2). However, whenever a non-trivial haze component is present, a reproducible measurement of reflection
becomes very difficult and better reflection measurement techniques are needed. Bidirectional reflectance distribution
function (BRDF) methods are capable of providing measurements of these components, but many are not in a position to
make or afford such detailed and complicated measurements. Alternatives are under investigation at the FPDL of NIST
to permit the extraction of parameters associated \\-ith these three components using simple methods.

Because space constraints for this paper do not permit a full description of these reflection properties. especially as they
relate to the bidirectional reflectance distribution function. please refer to reference 10 for more details. However. it is
possible to illustrate why haze causes such measurement problems. Figure 9 illustrates a ray of light originating at a light
source and reflecting off a display into a simple luminance meter and the human eye. The lens of the luminance meter
has a larger diameter than the eye (the eye IS usually considered to have an aperture of from 3 mm to 5 0101).The gray
lines depict the detector subtense associatcd \\lth different lens "izes_ The line traveling from where the ray hits the
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screen to the center of the detector is the specular component. The round distribution of light from the display surface
represents the Larnbertian component, and the gray lobe represents the distribution of light associated with the haze.
Notice that the detector, presumed to be a luminance meter, is generally calibrated anticipating a Larnbertian type of
luminous intensity distribution. When haze is present, the amount of light measured depends very much upon the
diameter of the lens and its distance from the display because of the elongated lobe structure of the reflected light. The
meter expects a Larnbertian-like experience, and we are trying to use it to measure a very nonuniform distribution
making the measurement very sensitive to the geometry of the apparatus. Thus, whenever there is a significant amount
of haze reflection, the measurement becomes very dependent upon the geometrical configuration of the apparatus that
can include the source size and distance as well as the detector size and distance.12It is because of this geometrical
sensitivity that conventional reflection measurements based upon Larnbertian and specular models invented for old
display technologies will no longer work in reproducible ways whenever haze is a non-trivial component of reflection.

/
Lambertian

Fig. 9. Single rayfrom light source is shown reflecting into an eye compared with a detector having a
lens. The straight lines on each side of the center reflected ray represent differentpossible lens sizes.

CONCLUSION

The contribution provided by national metrology institutes like NIST to the display industry can be found in the
development of good display metrology, in its dissemination, and in contributing to the education of the industry about
problems with measurement methods, instrumentation. and apparatus. We've seen that even apparently simple
measurements must be made carefully with a cognizance of the limitations and performance of the measurement
instrumentation. Taking things for granted can lead to disappointing errors, particularly when making luminance
measurements of dark areas whenever bright areas are present on the screen.

Because the front surfaces of many FPDs can now be placed very close to the pixel surface, strong diffusing surface
treatments can be used on FPDs. These diffusing surfaces can have reflection properties that make their reproducible
measurement very difficult. A three-component reflection model has been developed to provide a suitable reflection
language to enable adequate description of display reflection for communication purposes. The separation of the
diffusing reflection into diffuse Larnbertian and diffuse haze assists in the careful identification of important reflection
properties of modern displays. NIST is in the process of developing measurement methods that are sufficiently simple to
make them attractive for general use.

NIST will continue to support the display industry in collaborating with standards organizations and others in developing
display metrology that meets the needs of the display industry. Creating a public awareness of the problems associated
with display metrology as well as their solutions will be a focus of our activities.
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