' SOCIETY FOR INFORMATION DISPLAY

2007 INTERNATIONAL SYMPOSIUM
* DIGEST OF TECHNICAL PAPERS
VOLUME XXXVIIL BOOK I H ,

| Y '23-25 20@7




20.1/E. F. Kelley

20.1: Invited Paper:-Metrology and Robustness
of Bright-Room Contrast Measurements

- Edward F. Kelley

National Institute of Standards and Technology*

Abstract

-Bright-room contrast measurements méthods are being proposed
by standards committees to characterize flat panel displays for
living-room ambient environments. Some proposals involve creat-
ing a room with an overhead light. By modeling the room as a

sphere, we show how such room-based measurement methods can

be very irreproducible. Such methods can be modified and made
robust by making direct-source measurements combined with inte-
grating-sphere-based diffuse reflectance measurements.

1. Introduction
Several standards organizations are attempting to include a so-
called “bright”-room contrast measurement method to characterize

a flat panel display (FPD) under ambient environments that might

be found in a typical living room, where the FPD is used for view-
ing television or movies. (Because these standards are in the de-
velopment stage, we are not at liberty. to reveal their identity and
content.) We are starting to see manufacturers of FPDs include a
bright-room contrast metric with their display specifications. One
goal of good metrology of displays is to provide measurement
methods that allow reproducibility to be reasonably easy to
achieve. We call these robust measurement methods, and ambient-
contrast measurements should espemally be robust.

Some have proposed placing the display in a room that contains a
single ceiling lamp and measuring the contrast of the display with
a certain placement of the display under the ceiling lamp providing
the display surface with a specified illuminance. We will develop a
model for such an arrangement and show how sensitive the room-
based measurement result is for changes in the wall reflectance,
the size of the room, and the exact angle between the center of the
ceiling lamp and the center of the display. This will demonstrate
that such a room-based measurement is not robust, in that repro-
ducibility will require such careful attention to the configuration of
the room that many workers/researcliers will not tolerate the con-
straints that robustness will impose upon the room and the appara-
tus alignment. Using an integrating sphere or sampling sphere
combined with a directed-source measurement will provide much
better robustness and control of the measurement conditions, and
would therefore be preferable to room-based measurements.

OOOOOO Lamp

'Figure 1. Room configuration with fluorescent ceiling lamp.

direction of the screen normal and E, when pointing vertically.
The various distances would be specified in the standard, and the
light-measuring device (LMD; a luminance meter, spectroradiome-
ter, etc.) would be near the nofmal of the screen but avoiding
measuring a specular image of itself or other objects brighter than

‘the wall. Note that avoidance of a specular image of the LMD (as

well as the operator, tripod, room objects, etc.) suggests such an
image is available, which is not always the case. Many liquid-
crystal displays (LCDs) have a microstructure on the front sur-

' face—an anti-glare treatment—that produces a reflection property

known as haze. Haze will produce a reflected Iuminance that is
sensitive to the luminances of anything anywhere in the vicinity of
the specular direction—in this case nearly the normal direction.
The introduction of a non-trivial haze—in itself—would make this
room configuration unsuitable for making reproducible measure-
ments. [1] This will be proven by our model.”

Suppose that the lamp produces an illuminance E; at the center of
the screen. Some standards specify a certain ratio £,/E, of illumi-
nances at the screen center, while others might specify the geome-

————2—Room-Model

f1ry;~here_we-will-specify_thefgeometpy»suchntha‘r

L0 <1\

Consider a room with average diffuse reflectance g, for all sur-
faces (walls, ceiling, and floor; the “e” is for “enclosure” to avoid
~a “w” subscript that can be confused with an abbreviation for
“whlte "). Figure 1 shows the center of a FPD placed at a distance
¢s from the center of the ceiling lamp so that the source angle is 6.
The lamp consists of several fluorescent bulbs (six shown). The
illuminance from the lamp and the room at the center of the screen

is E, when measured with the illuminance meter pointing in the

(95 taﬁ \uccr&; 35°; L)
Assummg that the lamp is a Lambertian source with a rectangular

size of width w and length /, the area is A4;=w /. The flux @, out-
put of the lamp is related to its Juminance Lg by

. QS = nLSAS' . (2)
For simplicity, we will show the lamp as a white integrating sphere

with a round exit port having an area 4; and luminance Lg in our
room model. We will place this sphere source in an imaginary
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Figure 2. Spherical room model with interior diffuse reflec- '
tance p, and radius-+. The lamp is shown above the center of

the sphere in the drawing, but that is not necessary. The ra-
dius r can be smaller than z as long as the lamp and display fit
within the sphere. - '

“spherical room so we can calculate the diffuse contribution from
the flux input of the lamp—see Fig. 2. For the purposes of this
model, we will assume the display is off and does not seriously
perturb the interior flux. In practice, this would of course not be
the case. Our simplified model will afford us an analytical means
to calculate how the measured reflection is influenced by the room
characteristics.

The illuminance E; directed at the center of the screen from such a
lamp is given by

E, = L (2c0s6, = LAc)cos b, = L{dc)sinb,,  (3)
where (2cosé, is the projected solid angle of the lamp from the

screen center, and
e @)

is the distance between the lamp center and screen center. The il-
luminance incident on the screen surface is a combination of the
diffuse illuminance E; and the directed illuminance E from the
lamp accounting for the screen tilt with respect to the lamp:

E,=Ec0s0, + Ey. (5)

The diffuse illuminance in a spherical room with radius » and no-

exit port arises from the total luminous flux @ given by [2]

D= ,1(1-0), ©6)
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1 sin g, cos &
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The first term in the brackets is proportional to the diffuse contri-
bution from the room, and the second term is proportional to the
direct illuminance from the lamp. If a standard promoting this
method provides a target illuminance, say E, =100 Ix, then the lu-
minance of the lamp is adjusted until that illuminance is achieved.
However the ratio of the directed illuminance to the uniform dif-
fuse illuminance is the ratio of the two terms in the brackets and is
fixed by the room-source geometry. Even if the target illuminance
is set correctly, the ratio between the two sources of illuminance
depends upon the room-source geometry, whereby different dis-
plays will respond differently to the environment as the room char-

acteristics (» and p,) change from laboratory to laboratory. If a
standard specifies that a target illuminance ratio E,/E, be estab-
lished, then in addition to adjusting the luminance of the lamp, the

placement of the display (A, z) and source angle 8, will have to
change depending upon the room characteristics. For the purposes
of this model, we will assume that an illuminance level for E, is to
be fixed. This requires the luminance of the lamp be adjusted to

E
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1 sin & cos &,
+
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for any change in the room size #, its reflectance g, or the angle of

the directed source 4.

Consider the display showiﬁg color D, where D is either “W” for
white or “K” for black. For simplification purposes, we will as-
sume that our displays have the sgme reflection properties inde-

pendent of color—that is not true iri general. Suppose our display -

has a diffuse reflectance of o for the uniform diffuse illuminance,

and a luminance factor of Sgy for a directed source at angle oA
from the normal and the detector located on the normal. The lumi-
nance Kp, of the screen with reflections for color D is

ﬂe 0

Kp=Lp+L2E +-%2F cosf,  (10)
s

where Lp is the luminance of the screen as measured in a darkroom

exhibiting a color D.-(To simplify the model, we continue with the

assumption that the display doesn’t modify the interior flux of the

sphere.) The ambient contrast will be given by

CA=Kw/KK. (1 1)
We wish to examine how sensitive the ambient contrast is to

where we consider &, to be the only source of flux in the room.

changes-in-tliree- parameters:-the-wall reflectance_p,,-the angle &, of
the directed source, and the size r of the room. The expressions for

The uniform diffuse illuminance £q on the interiof wallis

. LA,
E,= QI§= ——=5— I 7
4 prCr ) , (Ix] O

where S = 4 is the surface area of the sphere. Right away we are
seeing some of the ploblems with using a room. The uniform dif-
fuse illuminance is very sensitive to changes in the size (radius) of
the room. The wall reflectance must also be carefully regulated as
would the luminance of the lamp. The illuminance on the screen
surface becomes

*

the relative changes in the ambient contrast as a function of any
paiamete1 are very complicated and little is'served by reproducing -
them here. Not only is there an explicit dependence upon these
parameters in.the expressions for the illuminances, but there is an
additional implicit dependence upon them because Ls changes as
these parameters change in order to maintain E, at the chosen
level—see Eq. (9). We can now apply this model to actual displays

“to see how nonrobust the room-based measurement will be. We

will calculate the ambient contrast for typical displays and room
values, and then adjust the values slightly to test the robustness -
assocxated with the parameters.
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3. Model Application to Displays
Suppose we require that the iiluminance £, =100 Ix. Let us apply
the above results to a plasma display panel (PDP) and a liquid
crystal display (LCD). The bidirectional-reflectance distribution
_functions (BRDFs) associated with these displays are shown in
Fig. 3. The PDP BRDF shows a quasi-Lambertian behavior away
from the specular direction, and the delta-function behavior indi-
cates that the display will show a distinct virtual image of the
source in the specular direction. The specular reflectance for this

PDP is §'=0.040 and the diffuse reflectance (specular included) is °

prop = 0.0925 as measured 10° from the left of the normal of the
display. (The relative expanded uncertainty with a coverage factor
. of two for all measurements in this paper is estimated to be 5 %.)
The LCD BRDF shows sensitivity to the luminance of any object
in the vicinity of the specular direction, arid will not show a dis-
tinct virtual image of any source, but only a fuzzy (diffused) repre-
sentation of a source in the specular direction. The LCD is also
much less sensitive than the PDP to sources of light away from the
specular direction beyond approximately 20°. The LCD has a dif-
fuse reflectance of prcp = 0.155 at 10° from the left of normal (it is
an old LCD; newer LCDs exhibit substantially less diffuse reflec-

" ‘tance than this—roughly one third of this value). The luminance

factor (= =B) at 35° for the LCD is 0.0127, and for the PDP it is
0.0606. Thus these displays will respond very differently to differ-
ent illumination conditions. We will assume that both displays ex-
hibit the same darkroom luminances Ly =500 cd/m® and
Ly = 0.5 cd/m’.

T -

1004- -~

10

SO AU
il

e i
L

1

BRDF, B (sr”)

.
i
1
|
I
i
]

1E-5 L [ ; O il
0 10 20 30 40 50 60 70
Source Angle from Normal, 8, (°)

Figure 3. Comparison of the BRDF for a PDP and a LCD on a

80 90

_increasing the room radius by 50 %, reduce the wall reflectance by

20 %, and increase the source angle by 5°. The results are shown
in Table 1.

Table 1. Changes in ambient contrast with parameter changes.| .

. LCD (old) PDP
Conditions
Ca | ACMCH Ca ACA/Ca
Room wall reflectance p, = 0.5
Initially | 139 [l 165
2. — 0.8, 147 58% 168
G, — G+5° 141 | 14% 168 0.4 %
1 r—1.5r 185 33 % 177 7.1%
Room wall reflectance p, = 0.1
Initially 170 171
0= 0.8, 171 1.0 % 174 1.9%
6 G450 173 1.8% 171 0.4%
1.5 236 39% 183 7.1%

Note that the size of the room has the greatest effect on the ambi-
ent-contrast result as anticipated. The wall reflectance has a lesser,
but nontrivial, effect. The angular placement of the lamp is more
important for the LCD than for the PDP, which would also be ex-
pected from the quasi-Lambertian behavior of the PDP. To fix this
kind of a room measurement to make it robust would require exact
specification of its size and wall reflectances. It is unlikely that
making such requirements in a standard would be well received.
Note that this mode] does not take into account the shape of a rec-
tangular room, nor does it account for such objects in the room as
the operator, the luminance meter, a tripod, etc. Such objects will
further increase the uncertainty of the measurement as would a
tiled floor having a more specular-like component of reflection
than would a diffuse wall. The results in Table 1 may therefore be
regarded as lower bounds.

~ 4. Robust Room Measurements
Establishing the contrast of a display for a certain type of room is a

very reasonable goal to achieve, provided that the measurement
method is robust. We have seen that an ill-defined room will not
provide a robust measurement of the reflection properties of any
type of display. This does not mean that robust measurements can-
not be made to simulate the reflection performance of the display
in a room. Unfortunately, space does not permit a full discussion
of the details of properly making ambient-contrast measurements

—log. scale for the ordinate.-The-quasi-Lambertian nature -of-the——using-directed-and-uniform-diffuse-sources-The-reader-is-referred

PDP is indicated by the almost flat region covering most of the

to the references for those details.

- range of angles. The arrow at zeio of the PDP BRDF indicates
the delta function' that is associated with the specular compo-
nent of the PDP BRDF. The LCD BRDF doesn’t exhibit a
specular component (which would make a distinct image of the

" source) and consists only of haze. 1]

We assume (1) a ceiling lamp having dimensions w= 0.610 m and
I=1219m, (2)a placement geometry of h,=17m and
z=243m, and (3) a room radius of r=2.5m. We will assume
two room wall reflectances, g, = 0.5 and p,=0.1. We will calcu-
late the ambient contrast for each room and for each display for
these initial situations; then we will recalculate it after separately
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We can use the illumination from a directed source in a darkroom
to simulate the lamp in the ceiling. Provided that the angle be-
tween the normal of the screen and the directed source is suffi-
ciently correct and the source diameter is sufficiently small, this
can be a robust measurement using a directed source, especially at
large angels from the normal.[3] Uniform diffuse ambient illumi-
nation can be provided by an integrating sphere or a sampling
sphere that is placed upon or very near the display surface, [4]
Such diffuse-reflectance measurements are well known to be very
robust, and the use of a sampling sphere is also not new. [5]




~sliould "have well=thiough-out names"that properly—describe-what

[

It may be possible to combine the directed source with the diffuse
source so that robust ambient contrast measurements can be ob-
tained by scaling the results to design ambient conditions with a
single apparatus and making only two measurements on the dis-
play under illumination conditions. Research is underway to test
such a method either with the display inside an integrating sphere
or by use of a sampling sphere. A design uniform-diffuse illumi-
nance and a design directed-source illuminance must both be
specified as by a standards committee. The illuminance from the
diffuse source used in the measurement will be adjusted to be in
the same ratio to the directed source as that of the design illumi-
nances. The resulting measured luminances would then be scaled
to the design levels to calculate the ambient contrast. -

Figure 4. Combined ambient-contrast measurement where
the. illuminance E; from the uniform source is adjusted to
give the correct ratio with E from the directed source. The
results are then scaled to the design illuminance conditions.

(Thls method is currently being researched.) )

5. Terminology

The term “bright-room” is being used whete the illuminance E, is

specified to be 100 Ix. Few would call such a room-bright. This is
especially true if the walls are dark with reflectances of only 10 %
or less—such rooms are approaching darkroom wall reflectances
of 5 % or less. Office illuminance levels have been characterized:
The illuminance associated with a vertical plane in a normal office

_is 250 Ix. [6] Many offices exceed this illuminance level and have

20.1/E. F. Kelley

6. Conclusion

Our simplified model demonstrates that a room-based measure-
ment of the display under reflections is not a reasonable configura-
tion to use if reproducibility is desired by the display industry. The
concept of making ambient-contrast measurements is certainly
valid, but care must be taken to assure that the measurement result
is not unduly influenced by configuration changes that would be
anticipated to occur from laboratory to laboratory. Ambient-
contrast measurements can be made on displays by use of robust

‘apparatus such as integrating spheres and directed light sources,

perhaps even in combination. If such robust measurement methods
are selected by standards organizations, then their main concern
will be to establish the appropriate levels of illuminance for their
anticipated room conditions. It is strongly encouraged that robust
arrangements be 1mp1emented by standards organizations before a
bad measurement method is introduced under which the industry
and display users would suffer for a long time. .

7. References

[1] The idea of distinguishing three components of reflection (Lam-
bertian, specular, and haze) is explained in: E. F. Kelley, G. R.
Jones, and T. A. Germer, “The Three Components of Reflec-
tion,” Information Display, Vol. 14, No. 10, pp. 24-29, October
1998. For more details as to how these relate to the BRDF, see:
E.F. Kelley, G. R. Jones, and T. A. Germer, “Display Reflec-
tance Model Based on the BRDF,” Displays, Vol. 19, No. 1, pp.
27-34, June 30, 1998. Both are available from our web site
<www.fpd.nist.gov> via the Reflection Metrology link (2006).

[2] Flat Panel Display Measurements, Video Electronics Standards
Association (VESA), FPDM, Version 2, Section A212, p. 264,
Tune 1, 2001 (www.vesa.org). Th\s \exit port area of the sphencal
room is set to zero in our calculation.

[3] E. F. Kelley, M. Lindfors, and J. Penczek, “Display Dayhght
Ambient Contrast Measurement Methods and Daylight Readabil-
ity,” J. Society of Information Display, Vol. 14, No. 11, pp.
1019-1030, November 2006. See: www.fpd.nist. gov under the
Reflection Metrology link.

[4] E. F. Kelley, “Diffuse Reflectance and Ambient Contrast Meas-
urements Using a Sampling Sphere,” Proceedings of the Third
Americas Display Engineering and Applications Conference
(ADEAC 2006), Society for Information Display, Atlanta, GA,

" USA, pp. 1-5, October 24,26, 2006. See: www.fpd.nist.gov under
the Reflection Metrology link. This is a preliminary report, and
modifications to these ideas are planned for a future archival
publication.

very light walls. Terminology is important, and new metrics

) [5] Seé, for example, CIE Publication No. 44, Absolute Methods for

they are to avoid confusion. Therefore, it might be prudent if an-
other term were used such as ‘“viewing-room contrast,” “enter-
tainment-room contrast,” “living-room contrast” or something
other than “bright-room contrast.” To capture the term “bright-
room” for such a dim room leaves few remaining adjectives in
terminology should we need to develop an ambient-contrast metric
for truly bright rooms such as are encountered in a well illumi-
nated building lobby with many windows, a well-lit laboratory, a
well-lit hallway, or an operating room. Metrology has as much to
do with integrity as it does with good measurement-methods.

Reflection Measurement, Commission Internationale de I'B-
clairage (International Commission on Illumination), 1979 re-
printed 1990. For the use of a sampling sphere see the Sharp-
Little method (Fig. 10).

[6]11SO 13406-2:2001, Section 7.3, “Ergonontic requxrements for
work with visual displays based on flat panels -- Part 2: Ergo-
nomic requirements for flat panel displays,” International Or-
ganization for Standardization, 2001. See also ISO 9241-3:1992,
“Ergonomic requirements for office work with visual display
terminals (VDTS): Visual display requirements,” International
Organization for Standardization, 1992. '

SID 07 DIGEST « 1037




