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3.1

3410]

INTRODUCTION:

SCOPE :

This SAE Aerospace Recommended Practice (ARP) is intended as a gui
standard practice. Pending such standardization, its use in the p
as a basis for legal regulation is hot recommended.

PURPOSE :

This ARP describes the methods to be used in measuring those perfo
characteristics important for color and luminance use in direct vi
electronic display systems.

This ARP des¢ribes methods for measuring the visual performance of
cathode ray tube displays used in aircraft flight decks and‘cockpf
Procedures mgy vary depending upon the type of display (for exampl
monochrome, ¢olor shadowmask, beam index, etc.), but alDtypes arg

Field of Application: This ARP defines three classes of tests.
test is applicable to the different phases of a product's life:
engineering [development (Class 1), production/quality assurance (¢
field servige or flight readiness (Class 3),©The test requiremer
of these phases differ and hence the test procedures for each tes
differ. Eag¢h procedure in this ARP is Class 1 unless otherwise s

Classes of Tests:

Class 1, laboratory Tests - Tests in this class are most approj
engineering laboratory environment or as part of a certificatig
The test {n this class arewthe most rigorous and are performed
skilled pérsonnel. The objective of tests in this class is to
design and, hence virtually every parameter is measured as accy
possible. | Set-up time, test time and test equipment cost are (
concern than in the-other classes of tests because the Class 1
expected to be performed often.

The procedures-“described are designed to employ basic Taboratoy
instruments However, these procedures do not exclude the use
task-specific 1nstruments that are designed to perform the same

Class 2, Production/Quality Assurance - Tests in this class are
appropriate for acceptance or end item tests, or both. The obj
this test class is to verify that every display has been
manufactured/repaired within specified requirements. These tes
performed often so test time and test equipment cost are signif
considerations. _

de toward
resent format

rmance
ew airborne

direct view
ts.
e,
considered.

Each class of
for example,
Class 2), and
ts for each

t class may
tated.

riate in an

n program.

by highly
verify the
rately as

f less

tests are not

y
of

measurements.

most
ective of

ts may be
jcant

D\slf|l;utéa]n.der license from the IHS Archive



https://saenorm.com/api/?name=864f39e64a9cc9bfe2b540ddde09d65c

SAE ARPx*1782 89 ME 8357340 002bLLLL O =B

Page 5

SAE ARP1782

3.1.1

3.1.2

(Continued):

Class 3, Maintenance/Flightline Readiness - Tests in this class are most
appropriate for field service and flight 1ine functions. The objective of
tests in this class is to verify that the display has not degraded to below
minimum required performance levels. These tests may be performed often by
semi-skilled personnel in an environment where equipment must be highly
portable and simple to operate. For tests in this class, set-up and test
time must be held to a minimum.

Categories of Tests: The test procedures of this ARP are divided in to
three categories: :

ric: Linear measurements
nce: Visible Tight intensity measurements
Spectral measurements of visible Tight

ure Constraints: The test procedures in<thts ARP are|designed to be
med under the following constraint§:

ly visible presentations on the display cén be measured.

internal electrical measurements of the display can be made by
ternal electronic test equipment (except through interface connectors

3.2.1.1.1 i : The photometer shall be calibrated using

thods that are traceable to NBS standards.

tometer Sensitivity: The full-scale sensitivity shajl be 1.0 fL or
lelss-with a measuring aperture size no greater than 75%|of the sample to

o e drus o

3.2.1.1.3 Photometer Accuracy: The measured luminance of an NBS traceable

luminance standard shall be within +2% of the standard's certified
luminance.

3.2.1.1.4 Photometer Sensitivity and Accuracy Verification: The full-scale

sensitivity and accuracy of the photometer shall be verified using an
NBS traceable standard of Tuminance set to a luminance value less than
or equal to 1.0 fL and also equal to the known full-scale sensitivity
value of one of the photometer ranges. Using a measuring aperture size
no greater than 75% of the sample to be measured, the photometer's full
scale sensitivity shall be within +2% of the value stated for the NBS
traceable standard.

= Distributed under license from the IHS Archive
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3.2.1.1.5

3.2.1.1.6

3.2.1.1.7

3.2.1.1.7.1

3.2.1.1.8

3.2.1.1.8.1

3.2.1.1.9

Readout Resolution: The photometer shall have a digital readout with a
resolution better than or equal to 0.1% of full scale (3-1/2 digits).

Photometer Optics: The optics shall have the capability of providing a
field coverage of between 50 and 75% of the sample to be measured while
maintaining the 1.0 fL sensitivity requirement.

Viewing System: The photometer viewing system shall be capable of
aligning the measuring aperture with the sample to be measured to within
5% of the dimensions of the area being covered in both x and y axes.

Viewing System Verification: A black card, with a hole in the center,
shRT1T be placed in front of a Tight source in such a mahner that the
smpllest aperture of the photometer optics covers the hple when viewed

through the viewing system. The card shall be moved ba¢k and forth in
ong axis orthogonal to the axis of the photometerCuntil|a peak reading
is|obtained. The distance (A) the card was moved from jts original
popition to the peak position shall be recorded. The card shall be
placed back in its original position and then moved back and forth in
the axis orthogonal to the axis of the first movement apd orthogonal
to| the axis of the photometer until a peak reading is obtained. The
digtance (B) the card was moved shall be recorded. The|viewing system
of| the photometer shall be considered to be aligned accyrately if both
A pnd B are less than or equal to“5% of the dimensions ¢f the area
befing covered by the measuring aperture.

Polarization Error: The polarization error of the photometer shall be
no greater than 1.0%.

Pollarization Error Verification: The polarization errof shall be
checked by placing«a ‘1inear polarizer in the optical path between a
standard lamp and-the photometer and then measuring the|luminance.

The polarizer shall be rotated 45 deg and another measutement shall be
mafle. The poltarizer shall be rotated another 45 deg ang a third
mepsurement2shall be made. The photometer shall be congidered as
having passed the polarization error test if the difference between
the three readings is lower than or equal to 1.0%. Throughout the
tept, the alignment of the standard lamp with respect to the polarizer
shatb 'not be changed. '

Photodetector Saturation: The photodetector of a photometer must be
linear, within +1%, over the luminance range of use.

To test for photodetector saturation, place several decades of neutral
density filters of known attenuation, or other means of known optical
attenuation between the light source and the photometer. As the
attenuators are removed, one at a time, the photometer response should
change in proportion to the calculated attenuation of the optical
filters. If the response does not change proportionally, then
photodetector saturation has occurred. The system sensitivity should
then be adjusted either electrically or optically (using neutral density
filtering) until the change is proportional. This adjustment may
require recalibration of the photometer.

R Ll .
Distributed under license from the IHS Archive
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3.2.1.1.10

Colorimetry: When colorimetric capability is required, the photometer
shall be calibrated for the accurate measurement of the three primary
and any secondary CRT colors. A means shall be available for the
establishment of color correction factors for the photometer. The
correction factors shall be established by measuring a source whose
CIE 1931 x, y or 1976 u” v’ values are known and whose spectral
distribution is similar to the sample to be measured. Then, using the
procedure provided by the manufacturer of the photometer, a correction
factor shall be established for the sample after measuring the known
source and estab11sh1ng the co]or1metr1c correct1ons resulting from the
: 0 < he results of the
nhotometer S measurements These factors are applicable only to
jamples of similar spectral distribution to the source of known
CIE 1931 x, y or 1976 u” v'coordinates. (See 6.3:3 for transformations
hetween CIE 1931 and 1976 coordinates.)

As applied to electronic displays such as CRTs, this means that a
golorimeter correction factor must be determined for gach type of CRT
~yith a given phosphor set and optical filter and that [correction factor
s not appllcable to any other CRT type.

3.2.1.2 §oentror adi : Ifa spectroradiometer is to be used [for any procedure

"~ than, the-bandwidth.

3.2.1.2.2

3.2.1.2.3

it shall meet the following requirements:

ectral Response: The spectroradiometer shall have sufficient
sgnsitivity to permit meastvement of radiance levels equal to or lower
than those listed in the'following table and shall have a minimum
spectral coverage of 400 to 720 nm with 380 to 760 nm preferred. The
v3lues listed below.are for spectral bandwidths of 5 ni and a signal to
rgot-mean-square .noise ratio of 100:1 (for proper colorjimetric
mgasurements). (The spectroradiometer meets the sensitivity requirements
when the values Tisted below can be measured using an gptical
configuration that prov1des measurement intervals equal| to, or less

Wavelength (in nm) Radiance Level (in W/cm? * sr [* nm)

380 0 600 1
600 to 760 1

Spectral Responsivity: The spectroradiometer shall be calibrated for
radiance within six months prior to making a measurement. The
calibration shall be traceable to NBS standards and shall be performed
at wavelengths and intervals consistent with the measurements to be
made. Calibration factors shall be supplied for any spectroradiometer
configuration (optical, mechanical, etc.) needed to perform measurements
Tisted in this document or the capabllity of the user to establish these
calibration factors shall be documented.

Wavelength Accuracy and Repeatability: The wavelength accuracy shall be
within an uncertainty no greater than 1 nm. -The accuracy is the

difference between the wavelength actually being measured and the

indicated wavelength. HWavelength repeatability shall be within +0.5 nm.
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3.2.1.2.3.1 Havelength Accuracy and Repeatability Verification: Verification of
wavelength accuracy shall be performed by using a source of known
emission 1ines that has at least one 1ine between 400 -~ 475 nm (bliue),
one between 500 - 600 nm (green) and one between 650 - 750 nm (red).
A spectral bandwidth configuration no greater than 1 nm is suggested
for this test. The test may be performed using the spectroradiometer
under automatic control of a computer. If this is used, the
spectroradiometer shall be moved in increments less than or equal to
one tenth of the bandwidth through the known emission lines. The test
shall be performed at least twice for each emission 1ine. The average
devlatlon between the true and calculated centrold for each emission
: : hah : recommended as
i takes 1nto account any wavelength correctlon 1nherert in the
system's software. The system shall be considered/to have passed the
répeatability test if, for each scan made, the measured peaks are

Although not recommended, the test may also be performgd by a manual
s¢canning technique that provides the same accuracy and|bandwidth as
specified. The monochromator shall be positioned to ohtain the peak
réading at the wavelength of each of the known emission lines. The
wavelength of the measured peak reading shall be recorded. The test
shall be performed at least twicecfor each known emission line. The
ayerage deviation between the tyrue and measured emissigon lines shall
bé no greater than 1.0 nm. The system shall be considgred to have
passed the repeatability test if, for each line tested, the measured
peaks are within 0.5 nm of each other.

3.2.1.2.4 Pregision: The spectroradiometer shall have precision equal to or
better than 0.1% of full scale .on any measurement range.

3.2.1.2.5 Zero Drift: During any given spectroradiometric scan, the maximum zero
-drift shall be Tess than 0.2% of the full scale reading gn the most
sengitive range, after the appropriate warm up period. A capability
shall be provided to allow zero drift to be checked befove any given
spe¢troradiometric scan.

3.2.1.2.6 Linearity: Within any given measurement scale, the linegrity shall be
;%i$5E:iie—£ull—sea4e—#a4ueT——Ihe—4inea$4ty-between-any-4wo measurement

scales shall be +2%.

T Distributed under license from the IHS Archive
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3.2.1.2.6.1

3.2.1.2.7

3.2.1.2.7.1

St
sh
ge
sh

Linearity Verification:

be verified within six months prior to making a measurement.

The Tinearity of the spectroradiometer shall

A source

which covers the applicable dynamic range of the spectroradiometer and
can be precisely optically or mechanically varied in intensity shall

be used.

The linearity shall be checked at a specific wavelength (to

be determined by the contractor) which shall not be varied throughout

the linearity check.
precision photometric bench is utilized.
electronic means is unacceptable.

The inverse square law may be used when a
Dimming of the Tamp through
The 1ight source shall be adjusted

so that a full scale reading is obtained on the spectroradiometer's

most sensitive range.

source by more than +1% on any scale or by greater th
measurement scales.

ray Light: The stray light characteristies of the sp
all not adversely affect the accuracy of ‘the spectror
neral, the measured stray light using the technique d
all not exceed 0.01%. '

Stray Light Verification: Stray. Tight accuracy shall

within a six month period prior to taking a measureme
accomplished by measuring the’ relative intensity of a
1ight source at a selected low wavelength. Then when
filter, with a sharp cut-off above that wavelength is
1ight path and the measurement repeated, the relative
some small percentage of the initial measured value.
excessive, the false reading is an indication of stra
on the low wavelength sensor of the instrument.

Schott GG,475 filter (or equivalent) and a tungsten s
at 2856 Kelvins. The measurement shall be made at 40
the spectroradiometer to 400 nm. Measure the source
relative intensity. MWithout disturbing the position

ynamic range of the spectroradiometer has been coverpd.

The source ‘shall then be increased in § x

d E
of the spectroradiometer shall not deviate from the o

pplicable

The output
tput of the

an +2% between

pctroradiometer
adiometer. In
escribed below

be verified

nt. This can be
"known tungsten
an optical
placed in the
energy should be
If that value is
y Tight impinging

Stray light accuracy can be verified by using a 2.5 mm thick piece of

burce operating
D nm. Position
and record the
bf the source or
Record the

1ight:
R
L. %) = =& * 100

S R
s

Where: Lg = Percent stray light
Rg = Reading of source
Rf = Reading of filter

spectroraqiometgr, place the filter in the 1ight path|

ermine stray

(3.2.1-1

The spectroradiometer meets the stray light requirement if the value

for Lg is less than or equal to 0.01%.

e Distributed under license from the IHS Archive
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3.2.1.2.8 Spectroradiometer Optics: See 3.2.1.1.6.
3.2.1.2.9 Spectroradiometer Viewing System: See 3.2.1.1.7.

3.2.1.2.9.1

Spectroradiometer Viewing System Verification: See 3.2.1.1.7.1.

3.2.1.2.10 Spectroradiometer Accuracy: The spectroradiometer shall be capable of

3.2.1.2.11

3.2.1.2.11.1

3.2.2 Units of Measurement:

measuring spectral radiance to within +5% of that of an NBS traceable
standard of spectral radiance at each 5 nm wavelength interval
throughout the spectroradiometer's spectral coverage. When measuring
an NBS traceable standard of color temperature or chromaticity, the
spectroradiometer shall yield 1976 CIE UCS chromaticity coordinates u',
v'([to within +0.007 of the certified values.

Diffuse Reflectance Standard: The diffuse reflectance gtandard is

uired for certain measurement procedures. It shall have a
Tambertian reflecting surface with reflectivity ‘greater|than 97.5% from
380 to 760 nm. The reflecting surface is recommended t¢ be at least
2 inches. Such standards are made of barium sulfate or Halon, a
flgorocarbon plastic. The quality of the white surface [must be
catefully inspected for cleanliness and:.homogeneity just prior to use.

eflectance Standard Verificationi{ The refiectance standard shall be
¢alibrated within a six month périod prior to use. The standard
shall be calibrated using techniques traceable to the [NBS.

3.2.2.1 Lineat Measurement Units: << The units of linear measurement |used in this

procedure are as follows:

These |[units~are related by the following equations:

millimeter ~(mm)
nanometer— (nm)
inch (in)
Mil (that is, thousandths of an inch)

25.4 mm = 1 in_
T nm=1 X 1077 meters
39.37 mils = 1 mm

[ - e e
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3

3.

4.

=Y

.1.1 ASTM Documents: E-308, Measurement of Color

N Y Y - S O

.2,2.2 Luminance Units: Luminance is the metric of measurement of light

radiating or reflecting from a surface such as the face of an electronic
display (see 6.2.1.1). The units of luminance used in this procedure are
the foot-lambert (fL) and the nit or candela per square meter (cd/m2).

To convert between these units, use the following equations:

fL = 0.2919 x (nits or cd/m?) | (3.2.2-1)

Ced/m?) = 3.426 x fL (3.2.2-2)

.2.2.3 Illdminance Units: Illuminance is the metric of measureﬂent of light from
U

a squrce such as the sun, that impinges upon a surfacecsuch as the face of
an glectronic display. The units of iTluminance are-the [footcandlie, lux,
or lumen/square meter. To convert between the unit<systems, use the
following equations: - ' ' &S '

1(f¢) = 10.76 (lux or Tm/m%) (3.2.2-3)

1(Tux or lm/m ) = 0. O929(fc) 7 _(3.2.2—4) :

3 Monochrame/Multicolor Displays: Monochrome CRT-displays*have phosphor screens
that arg uniform over fairly large areas. Multicolor CRT displays usually
have a gdtructured phosphor screen to achieve multicolor performance. Test
procedurtes for monochrome displays often are not applicable to displays with
structued phosphor screens. ‘Hence, the applicability of each test procedure
will be [identified as follows:

) - Un1form screen (that 1s, monochrome penetron etc )
(R) - Patterned (screen (that is, shadowmask ‘beam index|, etc.)

REFERENCHS:

.1 Applicaljle Dociments: The following documents relate to the pverall subject

of CRT displays. Information for ordering documents is shown| in Appendix C.

I

.1.2 CIE Documents:

.1.2.1 Pub S1; CIE Standard Color Metric I1luminance

.1.2.2 Pub S2; CIE Standard Colorimetric Observers

.1.2.3 Pub 15.2; Colorimetry, 2nd Edition |
-1.2.4 Pub 17; International Lighting Vocabulary, 4th Editionrr
.1.2.5 Pub 18.2; TherBasis'of Physical Photometry |

.1.2.6 Pub 53; Methods of Characterizing the Performance of Radiometers and

Photometers
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4.1.2.7 Pub 63; The Spectroradiometric Measurement of Light Sources

4.1.2.8 Pub 64; Determination of the Spectral Responsivity of Optical Radiation
Detectors

4.1.2.9 Pub 69; Methods of Characterizing I1luminance Meters and Luminance Meters
4,1.2.10 Pub S001; CIE Standard ITluminants
4.1.3 EIA Documents:

EIA Pub. nd 31 (Color)

JEDEC 16, Optical Characteristics of CRT Phosphors
TEPAC Engineering Bulletin #24, The Effects of Pulse Shape in| Raster
Dot-Alpha-Numeric CRT Presentations on Spot Luminance “and Lumjinance

Distribution

TEPAC PUB #105, Industrial Cathode Ray Tube Tést Methods

TEPAC PUB 105-7A-83, Method of Measurement“of Line Width by the S1it-Scan
r Monochrome Picture Tubes

TEPAC PUB 116B, Optical Characteristdcs of Cathode Ray Tubes

4,1.4 Military Documents:

MIL-STD1787A - Aircraft Display Symbology

MIL-STD~1311B ~ Test Methods’ for Electron Tubes

Method 5221 - Screen Intensity and Persistencp

Method 5226 -~ Line-Width

Method 5231 - Spot Position

Method 5248 - Deflection Factor

MIL-P-77i88E —-Panels, Information, Integrally ITluminated

MIL-L-85762A _~-Lighting, Aircraft, Interior, Night Vision Impging System
(NVIS) Compatible

Displays, Airborne, Electronically/Optically [Generated

AFGS-872]13A

4.1.5 SAE Documents:

ARP1874 - Design Objectives for Electronic Displays for Transport Aircraft

ARP4067 - Design Objectives for Electronic Displays for Part 23 Aircraft

AS8034 - Minimum Performance Standard for Airborne Multipurpose Electronic
Displays

4.1.6 SID Documents:
Vol. 24/4 - 1983 Glossary of Cathode Ray Tube Terms and Definitions

, N e
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4 1.7 NADC/NATC Documents: Naval Air Development Center Report 86011-60,

(ASD-A168563, The Development and Evaluation of Color Systems for Airborne
Apptications: Fundamental Visual, Perceptual and Display Systems
Considerations, R. M. Merrifield, L. D. Silverstein, February, 1986. Note:
The above report is identical to the report (DOT/FAA/PM-85/19) of the same
title published by the U.S. Department of Transportation and the Naval Air
Test Center on July 18, 1985.

1.8 Technical Reference Books and Publiications:

.1.8.1 Grum, F. and Bartleson, C. J., thical Radiation Measurements, Vol. 2, New

YorK, Academic Press, 1980

.1.8.2 Stimson, A., Photometry and Radiometry for Engineers,\Ney York, John Wiley
and| Sons, 1974

.1.8.3 MWyskecki, G. and Stiles, W., Color Science, 2nd,Ed., New|York, John Hiley
and| Sons, 1982 :

.1.8.4 Billmeyer, F. W. Jr. and Saltzman, M.: Principles of Color Technology,
2nd| Ed., 1981, John Wiley and Sons, NY.

.1.8.5 Silyerstein, L. D.; Lepkowski, J. S.; Cartef, R. C. and Carfer, E. C.,

Modeling of Display Color Parameters and Algorithmic Color Selection,
Profteedings of the International”Society for Optical Engineering, Vol.

624}, 1986.

.1.8.6 Carter, R. C. and Carter,CE. C.: High-Contrast Sets of (olors, Applied
Optfics Vol. 21, No. 16( pp 2936 15 August, 1982.

.1.8.7 Amefican National -Standard for Human Factors Engineering|of Visual Display
Terminal Work Stations: Revised Draft, July 1986.

GENERAL REQUIREMENTS:

Any SAE publijcations on the recommended methods for measurement of color and
luminance in<direct-view CRTs are superceded by this document

.1 Laboratory Standard Measurement CondtttonsT— The fottowimgconditions shall be
used when measuring direct-view CRTs.

.1.1 Temperature: Measurements shall be conducted within a temperature range of
18 - 25°C. »

d.2 um1d1fy Measurements shall be conducted with1n a relat1ve humidity range
of 10 - 40%.

.1.3 Power: HWhere luminance and color output stability varies, the input power
shall be controlled to 0.1% within the range of 105 - 115 VAC.
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5.

5.

5.

5.

5

5.

5.

6.
6.
6.
6.

1.4

the face
of the 1

goggle compatibility testing, refer to MIL-L-85762A.

Ambient Light:
dark conditions unless otherwise spec1f1ed

such that the ambi
of the display is 10 lum/m% (1 ft C) or less or a max
uminance value being measured whichever is less. For
For dayl

Measurement procedures in this ARP shall be conducted under

ent Tight at
imum of 1%
night vision
ight

simulation, a light source with a correlated color temperature between 5000

and 7000 K shall be used as described in 6.2.6.5.

The measure

quality of a CRT display.

The procedure for measuring line

ment for

ambient 1ight shall be performed per 5.1.4.1.

1.4.1 Ambient Light Measurement Procedure: This procedure is for measuring the

ambient Tight falling upon a display face.

1.4.1.1 Set 4p the display and photometer such that the photometey is normal to

the display as in Fig. 20 except that there is no diffusSe|source
i1lupinating the display.

1.4.1.2 Place a reflectance standard per 3.2.1.2.11 flush @gainst|the area of

interest on the display face.

.1.4.1.3 Align and focus the photometer per the manGfacturer's instructions. The
measyiring aperture for this measurement shall be the same|aperture to be
used|for subsequent display measurements: In no case shall the
measWiring aperture cover more than 75%”of the reflecting jurface.

1.4.1.4 Measlire the reflectance standard for lTuminance according to the
manufacturers instructions. The result of this measuremgnt is the
ambient light falling on thexdisplay in LUMINANCE units (iL or
cd/m#). To convert to illuminance units, use the following formulae:

footcandles = footL;mberts (5.1.4-1)
2 %

LUX = cd/m P; (3.1416) (5.1.4-2)
where: R'="Absolute reflectance of standard. This value[is nominally
set to 1..00 for highly efficient reflectors.

1.5 Dither CTrcuif: For all spatial measurements on the tface or the CRT display
(that is, 1ine width, convergence, geometric distortion, symbol size, etc)
the dithering circuits of the display must be disabled.

ELECTRONIC DISPLAY TEST PROCEDURES:

1 Geometric:

1.1 Line Width, Class 1:

1.1.1 Scope: Line width is one of the fundamental parameters that describe the

width varies

according to the type of CRT; unstructured (a single beam monochrome CRT);
patterned (a mult1color—mult1 beam CRT with a patterned phosphor dot
configuration or a multicolor (single) beam index CRT with patterned

phosph

or stripe configuration).
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6.1.1.3

. 6.1.1.2 Definition: In this document CRT line width is defined to be the width of

a luminance distribution at 50% of its maximum amplitude as illustrated in
Fig. 1. The Tuminance distribution profile can be more accurately defined
by determining the line width at various percentages of the peak
amplitudes such as 5, 10, 50, 60.7 or 80%. This is especially useful to
characterize the profile of a long persistant phosphor or a non
symmetrical phosphor. The latter can have considerable influence on the
colors perceived on a multicolor CRT under various ambient light
conditions. (See note under 6.1.2.2 on an alternate method using the
width at the centroid of the profile.)

L PEAK DOT LUMINANCE
g =22
<<
zZ
=] PROFILE OF A LINE
5 BEING MEASURZD.
-

1/2 PEAK

AMPLITUDE |-

X-AXIS BEAM DEFL=CTION

FIGURE 1 4 Line Width (LW) af Half Peak Amplitude of a'CRT Primary Beam (Scale

Factor Per Fig. 4A-Taken Into Account)

Explanation and Disetussion: Line width is determined by frecording a
tumiinance profilelthat is perpendicular to the axis of a [line on the

disglay face that/is free of- dither and jitter.

Lingd width 4% typically a function of display lTuminance wjith maximum width
occyrring_at’ maximum luminance. Widths at 50% and minimuk tuminance may
alsq be<required. On -a shadowmask CRT, line widths less fthan 1.5 times
the |shadowmask pitch may result in moire' patterns.

The resulting luminance profile often approximates a Gaussian distribution
in cross section, however, a Gaussian profile is not required for line
width calculation. .

For unpatterned single beam CRTs and beam index CRTs, line width is
synonymous with beam width. On patterned screen multibeam CRTs, line
width relates only to the individual beam widths of each of the primary
phosphor colors. _

The laboratory procedures presented in this ARP for measuring beam or line

" width requires equipment such as an appropriate photometer, recorder and
. adequate graphics upon the -display being measured. Specialized and

automatic beam/1ine width measurement instruments are available but are
not addressed by the procedures in this document.

— 7 — —
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6.1.1.4 Units:
(mils).

6.1.1.5 Line Wi

The unit of line width is millimeters (mm) or thousa

dth Procedure for Single Beam or Beam-Index CRT:

6.1.1.5.1

mov
Each

Three test methods are presented:

From this profile, the line w

6.1.1.5.2
deteg
as af
acqui

Deflg
genet
prody
repet
6.1.1.5.3 Preci
of a
(10%)
scan
inten

The 1
the f
to pr
-fast
sever|
or ot
obsey]
that
catcd

Appayatus: A photometer consisting of suitable optics, aJ

tor(s) and the necessary control equipment for the sy
X~y recorder to display the line profile or a‘comput
sttion system must be provided.

ction video generators that provide linear sweeps are
ate the scan lines to be measured. They should be cd
cing a single horizontal or verticaliline at the velo
ition rates or measurement locations’ as specified in

sion and Accuracy:

Tinear scan measurement system shall be a maximum of
, and preferably one twentieth (5%), of the width of
lige image in the aperture plane measured at the 50%
sity.

inearity of the photometer.shall be as defined in 3.2
ull range of light -intensities to be measured. Care
event the detector system from saturating with high 1
phosphors and ;small spot sizes. To test for saturati
al decades ‘of neutral density (ND) filters of known t
her means-of precise optical attenuation, in the 1ligh
ve the(reading. Remove the attenuators one at a time
the reading varies accordingly (within a few percent)
lated values. Non-linearity occurs when the reading

follg

nds of an inch

This procedure measures the line width of a line on the face of a

uniform screen of a single beam (monochrome) or a (single) beam index
(multi-color) CRT.
method, scanning s1it method and diode array method.
measures the Tuminance profile of the Tine produced on the phosphor face
plate by the electron beam.
determined as discussed in 6.1.1.2 and 6.1.1.3.

ing beam
method

idth can be

erture,
stem as well
erized data

required to
pable of
city and
this ARP.

The effective width of the photometric aperture

one tenth
the projected
of the peak

.1.2.6 over

must be taken

ight levels,
on, place
ransmission,
t path and
and verify
of the
fails to

w-the change in attenuation.

Ambient 1ight levels, as measured per 5.1.4.1 on the display face with a
diffuse reflectance standard per 3.2.1.2.11.1 shall be less than 1% of
the peak intensity (if the 1% line width is desired then the ambient
lTight must be less than 0.1%).

Analog to digital conversion shall have a precision of at least three
digits.

It is recommended that the photometer have a slit aperture with an
aspect ratio of at least 10 to 1 (preferably 25 or even 100 to 1) be
used to minimize the error caused by phosphor grain size differences
(these errors can be up to 20% when using round or square apertures or
Tinear array elements).

S =
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6.1.1.5.3 (Continued):

Luminance calibration of the photometer is not required for line width
measurements. But if absolute Tuminance values are required, then the
photometer must either have an accurate photopic response filter or have
been calibrated against an accurate photometer or spectroradiometer for
each phosphor/color.

Optical focusing of the scan Tine image onto the aperture plane is
critical. Visual focus is operator dependent and may not correspond to
optimum photometric focus. A useful method of optimizing the

otometric focus is to maximize the detector s1gnal when the image of
e maximum intensity portion of the scan line is centered within the

6.1.1.5.4 The display is to be operated at.the contrjast and luminance

ttings sbec1fied (usually at maximum Tuminance).

v -

e test setup should be made free from:mechanical vibrations which can
sult in "noisy" data. Vibrations can _be minimized by| using a common
atform for the CRT and the photometer, preferably shock mounted on a
bration isolation table mounted on concrete flooring. To test for
bration, focus the photometer on a black-to-white transition and
serve the output of the photometer which should be stable.

e photometer is adjusted(so that the image of .the scap line is focused
the plane containing .the slit aperture, with the slift oriented

rallel with the line.to be scanned and perpendicular fto the direction
scan. It is recommended that the characteristic diainsion of the

erture be a maximum of one tenth (10%) of the width the projected
an line image An-“the aperture plane measured at maximum intensity.

e optical system should be such that all the Tight passing through the
erture is_collected by the detector.

U =N WOT O —f O < <T = —

e diffraction limit of the lens must not be exceeded When using small
ertures in the objective lens. It is important that the optical
errations in the lens of the photometer do not apprecfiably affect the
age'. :

Q) QU -

Line profile measurements are generally performed at the center and four
corners of the display face, Fig. 2. It may be desirable to perform the
measurements at other locations on the CRT face. In these cases, it is
important to ensure that the line profile is always measured in a
direction perpendicular to the scan line. At all points on the display
face, the aperture plane should be perpendicular to the longitudinal
axis of the CRT.

Profiles of vertical lines should be taken to measure the horizontal
dimensions of the CRT spot in two ways. These lines should either be
slowly scanned past a fixed aperture or the line can be stationary and a
scanning slit or diode array technique can be used.
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FIGURE 2 - Locations of the Line Width and Misconvergence Measurement Points on
the Display (L and Ly are the Dimensions of the Display)
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6.1.1.5.5 Test Procedures:

6.1.1.5.5.1

6.1.1.5.5.2

6.1.1.5.5.3

Moving Beam Method: The line profile is measured by siowly moving the
image of a single scan Tine across the aperture in the direction
perpendicular to the scan direction. This requires test equipment to
have access to the deflection circuits of the display or the operator
to have access to preprogrammed line graphics within the computer

- driver of the display. The line displacement on the display and its

corresponding recorder displacement must be accurately determined in
order to establish the spatial calibration of the recorder (that is,
1 s = xx mmor in). The resulting Tuminance profile plot of the line
——+4 be calculated.
Additional measurements at other positions on the scdreen can be made
as defined in 6.1.1.5.6.

Scahning7511f Methdd: An alternate method is,to use[a scanning slit
photometer, wherein the line is held stationary and the microscope
image 1s precisely moved or scanned perpéndicularly to the line.

The photometer is carefully aligned and focused to the stationary CRT
1ine to be scanned. Optimal (or photometric) focus is accomplished
when a minimum width is obtained or maximum signal ig observed when
the s1it is parked at the center (brightest part) of |the 1ine. The

|data is automatically taken and reduced, usually thrqugh software

control.

Calibration of the distance tan be accomplished by sdanning a ruled
line whose dimensions-are precisely known and then creating a lookup
table for correction. In some instruments this must |be done with each
accessory magnification lens used. In other instrumgnts the
magnification isi‘independent of the distance scanned |so these factors
are factory pre-programmed.

The luminance profile, 1ike that of Fig. 1, may be directly or
automatically plotted by a computer and the line width may be manually
or computer calculated depending upon the type of eqyipment employed.
Add¥tional measurements at other locations can then he made as defined
in6.1.1.5,6.

Diode Array Photometer Method: The line profile may be measured using
a photodiode array scanning photometer.. In this instrument, similar
to the Scanning S1it Method, a microscope is used to focus the image
of the scan line. But instead of a single detector, the entire image
is focused simultaneously onto a multiple-detector linear diode array,
usually consisting of a hundred or more separate slit-like elements.
The array should be perpendicular-to the scan Tine and the photometer
focused carefully to obtain accurate Tine widths. Both of these
conditions.can be obtained by adjusting the.microscope focus and
orientation for minimum width of the scan line.
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6.1.1.5.5.3 (Continued): '

Calibration of the instrument is uniquely determined by the photodiode
array spacing and the magnification of the photometer's lens. A
frequent_source of problems is the zero beating effect, resulting from
heterodyning of the display rates with the diode array scan rate.

This can be corrected by either synchronizing the display and the
photodiode scan rates or by a long integration time (a second or more)
for the photodiode array. The photodiode array generates a sampled
profile of the scan line. There may be dead space between the actual
pixels in the array and there may be pattern noise due to variations
in response of the individual diodes in the array. The line profile
is[plotted or otherwise stored for further processing of line width.

6.1.1.56.6 Data} It is recommended that a minimum set of data consist of
horigontal and vertical line widths at 50% of the peak intensity for the
center of the screen and all four corners measuredrat the|central 80%
points of the useable area of the display as jldustrated by Fig. 2.

6.1.1.6 Primary Color Line Width, Patterned Multi-BeamCRTs: Class|]1

6.1.1.6.1 Scope: The purpose of this test is to‘measure the Tine wjdth of a line

of a|primary color on the face of a patterned screen (shadowmask,
multy-beam) CRT.

This|test method measures the horizontal and vertical profiles of the .
1ine|produced by the primary color beams. From these profiles, the line
widths of each of the primary color beams can be determined.

Only|the stroke line widbh measurement procedure is described. However,
the Jine width of a raster display can be measured by the|same basic
procedure.

6.1.1.6.2 Apparatus:

Photometer With optics and aperture capable of measuring within a
single phosphor dot on the face of the (RT.

X-y Plotter Calibrated to record a spatial deflectigon in the x
axis and Tuminance profile as the y axis.

Microscopic Calibrated in hundredths of a millimeter or

Graticule thousands of an inch to measure linear distances such

as the phosphor dot pitch on a patterned screen. A
precision linear positioner can be used for these
measurements.

Measuring Scale With minor divisions of 0.1 mm or 0.01 in: for
measuring plotted linear dimension to be used for
calculating Tine width and misconvergence.
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6.1.1.6.3 Precision and Accuracy:

6.1.1.6.4

To insure adequate precision to measure line

width within an accuracy of 3 to 5%, the following precautions must be

t

aken:

The photometer Tinearity should comply with 3.2.1.2.6 over the full

range of light intensities to be measured.

Care must be taken to

prevent the detector system from becoming saturated with high light

1
p

evels, fast phosphors and small spot sizes.

Refer to
hotodetector saturation test procedure.

3.2.1.1.9 for

Ambient light levels, as measured, per 5.1.4.1 oh the plane of the

d

——d

W

T £

=

splay face with a diffuse reflectance standard per 3|
pss than 1% of the peak intensity of the display: G
dth is desired, then the ambient 1ightrmust be less 1

nalog to digital conversion shall be to at least thresg

L is recommended that the photometer have<a round or §
nose projected image is at Teast one half and less th3
nosphor element size. Luminance calibration is not rg
idth measurements.

pst Setup: For a Class 1 test (laboratory), the equig
p as shown in Fig. 3. The following requirements must

The display is to be operated at specified Tuminang

The stroke driven<€RT display must have a software
capability that will produce the necessary vector {
movement vertically and horizontally). A vector ty
0.2 mm/s is,recommended. In addition, x and y defl
output isrequired to drive the x-y plotter.

The CRT-display muét not have any dither (a delibey
video )image intended to prevent phosphor degradatid
présent, the circuit which causes the dither must i

2.1,2.11 shall be
the 1% 1line
han 0.1%).

'digit precision.

quare aperture
n 75% of the
quired for line

ment is to be set
be satisfied: )

e.

or built-in-test

ranslation (line

anslation rate of
ection signal

ate movement of
n)., If this is
e disabled.

The photometer must have an aperture that will cove

single phosphor dot area.

r 50 to 75% of a

The pTotter must have the capability of

interfacing with the photometer to record the luminance distribution

as a function of the beam deflection.

The photometer must be

focused per the manufacturer's instructions and its aperture

centered within a phosphor dot.
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FIGURE 3 - Equipment Setup Required for Line Width and Convergence Measurements
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6.1.1.6.5 Procedure: After setting up the equipment as shown in Fig. 3, line
width of a primary color is measured as follows: to measure stroke line
width after setting up as per Steps 1 through 4, find the scale factor
(Step 5) and calculate the line width (Step 7). Under ideal conditions
the nine points shown in Fig. 2 would define the points where line width
should be measured, or at a minimum, the center of the display and one
corner should be measured. That corner should be the one with the
largest 1ine width (based on visual examination with a microscope).

6.1.1.6.5.1 Determination of Scale Factor:

Step 1: Adjust the display so that a vertical line)may be moved along
the horizontal axis or a horizontal 1ine may be moved along
the vertical axis at a rate that is less than the response of
the photometer. (Slowing the vector translation rate does
not change the 1ine width.)

Step 2: Select any one of the three primary phosphot dots at any one
of the points defined in Fig< 2 and focus the photometer to
measure the luminance of the dot as in Fig.|3.

Step 3: Turn off ambient 1ights'“Adjust the Tuminan¢e and contrast
settings of the display to meet the specified contrast and
Tuminance requirements.

Step 4: Scan the vertical (or horizontal) line so tmat it moves
through the phosphor dot being measured. Record luminance as
a function of displacement. Luminance profjle will be
plotted as“shown in Fig. 4A.

Step 5: Select an adjacent dot of the same color in|the direction of
the_scan as shown in Fig. 4B to measure luminance
distribution and follow Steps 3 and 4 (making sure to start
from the same initial point on the same graph) and then
measure the distance "D" between the midpoints of the 50%
amplitude Tines (see Fig. 4A) and divide thi{s distance into
the actual physical dlstanc from the first|phosphor dot to

of the same color

to find scale factor "n".

=L/D : (6.1.1-1)

where: "D" as determined in Step 5
"L" is the actual physical distance between two
phosphor dots of the same color as measured by a
graticule or a precision x - y positioner within
the area of dots being considered.
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LUMINANCE
-

o D —>
PEAKI" — /]
MIDPOINTS OF
curve 1 | 507 AMPLITUDE [ | \ curve 2
| LINES |
[/2 PEAK \

AMPLITUDH

=

X-AXIS BEAM DEFLECTION

FIGURE 4A - Determine Scale Factor<and Line Width

Scale Factor: n = %
Line Width.= dy * n
ACTUAL PHYSICAL LENGTH
ON DISPLAY

LUMINANCE LUMINANCE DISTRIBUTION
DISTRIBUTIO SHOWN IN CURVE 2 [OF
SHOWN IN CURV FIGURZ A
| OF FIGURE “&

C@@.@
OCRORONO,

FIGURE 4B - Phosphor Dots on Shadowmask CRT Display

FIGURE 4 - Determination of Scale Factor for Measuring Line Width

A ——— o e o e e
. -
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6.1.1.6.5.2 Calculation of Line Width of a Primary Color:

Step 6: Measure the distance dy at the 50% amplitude luminance
point as shown in Fig. 4A.

Step 7: Line width = dy x n where "n" is obtained from Step 5 and

' "d1" is obtained from Step 6.

Step 8: To determine the Tine widths of the remaining primary colors
of a multicolor CRT, repeat Steps 1 through 7 for each of the
remaining primary colors. The entire procedure must be
performed for measurements of either verticall or horizontal
lines.

6.1.2 Misconvergence (P):

6.1.2.1 Scope: This procedure describes misconvergencé which is fa measurement
method for CRT displays with multiple electron guns and patterned screens
(that is, color shadowmask CRTs).

6.1.2.2 Definitions: Misconvergence - In color:shadowmask CRTs, [three electron

beams il1luminate three primary colox-phosphors.

eleg
thre
the
or {
CRT.

NOTH:

misda
due
of 1

peak.

non-
cent

Com
as ﬂ

Ideally,
tron beams should be coincident“at the phosphor scree
e beams should "converge" at-the phosphor screen). M

the three
h (that is, the
isconvergence is

degree that the midpoints of the 1ine widths at 50% of the peak of two

hree primary colors are .misregistered at the phosphor

A more precise method of measuring line width for

surface of the

determining

onvergence takeswinto account the non-symmetry of som
to their persistence decay rates. That procedure uti
he curve through the curve centroid rather than the w
The centroid procedure requires integration of the
symmetrical phosphor luminance curve to establish the
roid, a_procedure which is beyond the scope of this d

ents In a color CRT display, misconvergence visually

phosphor curves
fzes the width
idth at 50%

area under the
location of the
bcument.

manifests itself

otor fringes on nonprimary color symbology (that is,

color symbology

that
may
on o

1s a sum of several primary colors). For example, a
be seen on a white line.
ne side of the nonprimary color (see Fig. 5A).

red color fringe

Typically the color fringe will appear only
However,

misconvergence is not the only cause of color fringes on color CRT

disp

fringes to appear on both sides of a nonprimary color (see Fig. 5B).

lays.

Two electron beams with different line widths can cause color

The

appearance of color fringes due to different 1ine widths of the primary

elec

tron beams is called "apparent misconvergence".

Hence, two electron

beams can be perfectly converged (but have color fringes on both sides of

a ho

nprimary color).

However, actual displays usually exhibit

misconvergence which is caused by electron beams that are not coincident.
The procedure described here applies only to the measurement of

misc

onvergence.

- Distributed under license from the IHS Archive

7



https://saenorm.com/api/?name=864f39e64a9cc9bfe2b540ddde09d65c

SAE ARPx1782 89 BN A357340 002LL32 & mm

ARP1782 SAE, Page 26
GREEN BEAM PROFILE GREEN BEAM PROFILE
PEAK
MIDPOINTS OF
PEAK 50% AMPLITUDE
LINES.
w RED OR BLUE
9 BEAM PROFILE
<
Z
[ e}
=
-J
lwepr= X AXIS BEAM DEFLECTION X AXIS BEAM.DEFLECTION
FIGURE 5A - Illdstration of Misconvergence FIGURE 5B <. Apparentl Misconvergence
(MC)Y of Two Primary Beams (Green of Two Primary Beams

and (Red or Blue)
(Scale Factor Per Figs. 4A and 4B Taken<{Into Account)

FIGURE 5 - Misconvergence

6.1.2.3 Units: [ Misconvergence is measured in\units of millimeters (mm) or
thousandths of an inch (mils).

6.1.2.4 Apparafjus: See 6.1.1.6.2

6.1.2.5 Precisiion and Accuracy Requirements: See 6.1.1.6.3

6.1.2.6 Test Sdtup, Class 1: €or a Class 1 (laboratory) test, the equipment shall
be set lup as described in 6.1.1.6.4 (see Fig. 3).

6.1.2.7 Misconvergence Measurement Procedure: The following misconvergence
measurement procedure (that is, 6.1.2.7.1 through 6.1.2.7.3) must be
performed at.each of the nine screen locations shown in Fig.| 2 or as
specififed, <Fhe misconvergence of the display is defined as [the maximum
value the misconvergence measured at any of these nine screen locations.

6.1.2.7.1 Horizontal Misconvergence Measurement Procedure:

Step 1: Display a vertical white line and adjust the display to slowly
scan the vertical line along the horizontal axis.

Step 2: Determination of the horizontal scale factor. Position the
photometer over a primary phosphor dot (such as green). Repeat
steps 1 - 5 in 6.1.1.6.5.1 to determine the horizontal scale
factor "np". For the remainder of the horizontal
misconvergence measurement, the x-axis settings on the chart
recorder and the horizontal scan on the display shall not be
changed. However, the y-axis of the chart recorder (that is,
y-axis gain and offset) and the sensitivity of the photometer
can be adjusted as needed to yield plots that are easily
measured.
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6.1.2.7.1

(Continued):

Step 3:

Step 4:

Position the photometer over a primary phosphor dot of another

color (such as blue) in the triad shown in Fig.

Tuminance distribution on the same graph used
Fig. 6B).

Measure the horizontal distance the photometer

6A and plot the
in Step 2 (see

was moved from

the first phosphor dot in Step 2 to the selected phosphor dot
in Step 3 (it can be measured using a microscope with a

graticule or by mounting the photometer on an

X-y stage with a

St
St

ep 5:
ep 6:

VUIIIlGI Ul UIC\.LIUIIIL pUDILIUlI IlIUILﬂLUlI Ill

distance will be designated 1.
Repeat Steps 3 and 4 for all other primary pho

Measure the distance "d" between the.midpoint
widths (at 50% peak Tuminance) for all primary
shows an example for two primary colors). The
misconvergence between any two primary colors
calculated by the following formula:
Horizontal Misconvergence. = M, = (d2 x np) -
Where np, 1, and dy are obtained from Steps 2,
respectively. Calculate the horizontal miscon

possible pairs of “primaries. For a display wi
colors, there:are three horizontal misconverge

Red - Green:
Red - Blue:
Green - Blue:

My (rg)
Mp (rb)
Mh C(gb)

is horizontal

sphor colors.

s of the line
colors (Fig. 6B
horizontal

is then

Th (6.1.2-1)
4 and 6,
vergence for all
th three primary
nce calculations:
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FIGURE B
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lag~ < -l
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FIGURE 6A - Phosphor Dots on Shadowmask CRT Display

Lp and Ly are Horizontal and Vertical Distances Used to/Calc
Horizontal and Vertical Scale Factors. 1 and 1, are“Horizontal and

Vertica

LUMINANCE

FIGURE 6

Distances Used to Calculate Horizontal and Vertical
A < D -
da —f=— MIDPOINTS OF
50% AMPLITUD l

LINES

CURVE 2
(GREEN)

X-AXIS BEAM DEFLECTION

FIGURE 6B - Determine Scale Factor and Misconvergence

Horizontal Scale Factor: "

L
Vertical Scale Factor: n, = B!

_ . . _ N _

Mv = Vertical Misconvergence = (d2 nv> ]v

Mh = Horizontal Misconvergence = (d2 * nh) - ]h
M = Total Misconvergence =\/M3 + Mﬁ

ARP1782 SAE, Page 28
IH
LUMINANCE ;
SHOWN IN CURVE 2 OF

Ly, ,l LUMINANCE DISTRIBUTION

late

Misconvergence.

—

Determination of Scale Factor and Misconvergence

®
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6.1.2.7.2 Vertical Misconvergence Measurement Procedure:

St

St

St
st

Step 1:

Step 2:

ep 3:

ep 4:

ep 5:
ep 6:

Display a horizontal white line and adjust the

The vertical
misconvergence procedure is performed in a manner analogous to that for
horizontal misconvergence.

display to

stowly scan the horizontal line along the vertical axis.

Determination of the vertical scale factor.

factor "ny".

recorder and the vertical scan on the display
changed. However, the y-axis of the chart ‘rec
y-axis gain and offset) and the sensitivity of
can be adjusted as needed to yield plots that
measured.

Position the photometer over a primary phospho
color (such as blue) in the triad shown in Fig
lTuminance distribution on the)same graph used
Fig. 6B).

Measure the vertical distance the photometer w
first phosphor dot in<Step 2 to the selected p

Position the
photometer over a primary phosphor dot (such as green).
“Steps 1 - 5 in 6.1.1.6.5.1 to determine the vertical scale

For the remainder of the vertical

MiSCONVErgence measurement, the X—axis setting

Repeat

5 on the chart
shall not be
prder (that is,
the photometer
are easily

r dot of another
6A and plot the
n Step 2 (see

s moved from the
nosphor dot in

Step 3 (it can be measured using a microscope xith a graticule

or by mounting the-photometer on an x-y stage
electronic position indicator). This vertical
designated "dy".

Repeat Steps 3 and 4 for all other primary pho

Measure the distance "do" between the midpoint
widths (at 50% peak brightness) for all primar
shows an example for two primary colors). The
misconvergence between any two primary colors

calculated by the following formula:

ith a vernier or
distance will be

sphor colors.

5 of the line
y colors (Fig. 6B
vertical

s then

AW 2 2 3 ¥ 4 B A | A\ 3
veT LTlal FMILLUNVETYRIILE = Ty = U2 XA Tly/ = 1V

Where ny, 1y and do are obtained from Steps 2,
respectively.

(6.1.2-2)

4 and 6,

Calculate the vertical misconvergence for all possible pairs of

primaries.

three vertical misconvergence calculations:
Red - Green: My (rg),.
Red - Blue: — My (rb
Green - Blue: M, (gb)

For a display with three primary colors, there are

wwm Distributed under license from the IHS Archive
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6.1.2.7.4

6.1.3 Geometric

6.1.2.7.3 Total Misconvergence Calculation:

At a given screen location, the total

misconvergence between any two primary colors is calculated as follows:

Total Misconvergence = My = (M2 + My2) 1/2

(6.1.2-3)

The total misconvergence must be calculated for all possible pairs of

primaries. For a display with three primary colors, there are three
total misconvergence calculations:

Red - Green: My (rg)

Red - Blue: Mt (rb)

The my

primarly colors is defined as the misconvergence at the scre

where

Mis
Mt

Displaly Misconvergence: The misconvergence measurement pro
fs, 6.1.2.7.1 through 6.1.2.7.3) must be, performed at each
lTocation shown in Fig. 2. The misconvergence of the displa
defineld as:

Display Misconvergence = maximum value of misconvergence

at

Green = Bluer Mg <ghy

the measurement was made:

convergence (at a screen location) = maximum value of
(rg), Mg (rb) or My (gb).

ahy screen location shown'in Fig. 2.

Distortion (U) (P):

6.1.3.1

6.1.3.2

Scope:
procedur
and patt

This procedure -describes a geometric distortion measu
e that is applicable to uniform screen (that is, mono
erned screen ¢that is, color shadowmask, etc.) CRT di

Definiti
displaye
distorti
are defi
non-unif

pns: Geometric distortion is an aberration which cau
pattern to be contorted from the desired pattern.
n dncludes the linearity errors in a display. Linea

ximum value of the total misconvergence calculatéd for any pair of

en location

cedure (that
screen
y is then

rement
chrome, etc)
splays.

5es a
Geometrical
rity errors

ed as on-axis horizontal and vgrtica] deflection

term

applying to defléction non-uniformities over the entire phosphor screen.

For this procedure, geometric distortion has been classified into four

types:
LIN

EARITY DISTORTION

KEYSTONE DISTORTION
ORTHOGONALITY DISTORTION
PINCUSHION/BARREL DISTORTION

Fig. 7 shows a "perfect" display where all lines are either parallel or
perpendicular to one another and all parallel lines are equally spaced.
Examples of the various distortions are shown in Figs. 8 - 12:
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6.1.3.2 (Continued):

6.1.3.3

6.1.3.4.2

Fig. 8 shows a display with a linearity distortion
parallel lines are no Tonger equally spaced.

Fig. 9 shows a display with keystone distortion whe
lTines are not parallel to each other.

Fig. 10 shows a display with orthogonality distorti
are no longer perpendicular to one another (but par
maintained).

where some of the
re some of the

on where the lines
allelism is

Fig. 11 shows a display with barrel and pincushien
some of the lines are "bowed"

Fig. 12 shows a display with several distortions.
display will exhibit several distortions Simultaneo
display in this figure exhibits keystone pincushio]
distortion.

Depgending on the application, each type,of distortion ma
legser importance when compared to the'other distortion
some specifications may have different requirements for
digtortion. The classification system shown here is not
it|covers the primary distortions of concern in a cockpi

NOTE:
will be denoted as AB (seeFig.

In this procedure, the measured distance between
13).

uval location of) a point in a displayed pattern. The

thgd actual and desired linear distances is then expresse
thg desired JFinear distance.
Apparatus:

Hguipment Required: Class 1 -_Device for measuring X-

precision x-y positionen or equivalent).

Precision Requirements: Class 1 - The measuring devic
of measuring x-y coordinates to at least 0.1% of the d
useful display area.

distortions where

Generally, a
ﬂsly and the

and barrel
y have greater or
types. Hence,
each type of

exhaustive, but
t CRT display.

two points A and B

pmetric distortion
desired and

(difference between
d as a percent of

y coordinates on a
e display on a

e must be capable
imensions of the
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FIGURE 7 - A "Perfect" Pattern
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i -l A 4; > 4
HORIZONTAL AXIS

"

VERTICAL AXTS

*Area of Non-Linearity

FIGURE 8- Linearity Distortion

FIGURE 9 - Keystone. Distortion
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FIGURE 10 - Orthogonatity Distortion ‘

~ =

T =

PINCUSHION DISTORTION

FIGURE 11 - Pincushion/Barrel Distortion
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FIGURE 12 - Keystone/Rihcushion/Barrel Distortipn
A 8 C
J
D MEE K F
L
G, H I

FIGURE 13 - Geometry Test Pattern
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6.1.3.5 Procedure: Class 1 - Display the pattern shown in Fig. 13. The size of
the pattern will be specified by the geometric distortion specification.
For example, if geometric distortion is specified at 80% of the useful
scan, then the horizontal and vertical dimensions of the pattern (defined
as DF and BH, respectively) are 80% of the horizontal and vertical
dimensions of the useful scan (for example, if the useful scan is
5 X 4 in, then the pattern size is 4 x 3.2 in). If the distortion
specification does not call out a pattern size, the pattern will be 80% of
the useful scan. For this test, dithering circuitry must be disabled.

The interior points in Fig. 13 (that is, points J, K, L, and M) represent
deflections that are 20% of the size of the pattern (that is, EM is 20% of

ED, EJ ip 20% of EB, etc.).
Measure fhe coordinates of the intersections A through M~in Fjg. 13.
Calculatp the following quantities:
LINEARITY [{ED/(5 x EM)} -~ 11 x 100.0 (6.1.3-1)
[{EF/(5 x EK)} - 1] x 100.0 (6.1.3-2)
[{EB/(5 x EN} - 11 x 100.0 (6.1.3-3)
[{EH/(5 x EL)} - 1] x 100.0 (6.1.3-4)
KEYSTONE| DISTORTION
{(AG - CI)/(AG + CID} % 100.0 (6.1.3-5)
{(GI - AC)/(GI + AC)} X 100.0 (6.1.3-6)
ORTHOGONALITY DISTORTION
{(AI-CG)/(AI 4.6C>} x 100.0 (6.1.3-7)
PINCUSHION/BARREL DISTORTION
[{(BC +HI)/2} - EF]/CI x 100.0 (6.1.3-8)
[{(AB(+)GH)/2} - DE1/AG x 100.0 (6.1.3-9)
[{C¢AD-+ CF)/2} - BE]/AC x 100.0 (6.1.3-10)
[{¢PG + FI)/2} - EH1/GI x 100.0 (6.1.3-11)
Unless otherwise stated in the geometric distortion specification, the
value (ip percent) of the geometric distortion shall be taken|as the
maximum of_the above calculated values.

NOTE: Some specifications may have a different requirement for each type
of distortion. For a particular class of distortion (that is, linearity,
keystone distortion, etc.), the value (in percent) of the distortion is
the maximum value calculated for that class.

Sy oo e e
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6.1.4 Symbol Size (U) (S):

6.1.4.1 Scope: This procedure describes the method for measuring the height and
width of symbol characters as well as spacing between character words and
Tines. (Reference 4.1.8.7)

6.1.4.2 Apparatus:

6.1.4.2.1 Equipment Required: Class 1 - A microscope with a crosshair reticle or
a photometer with microscope objective and a crosshair eye piece or a
rectangular aperture with at least one edge is required to be used in
spatial distances

oh the face of a display.
6.1.4.2.2

‘Precision Requirements: Class 1 - The combination of the microscopic
optics and the x-y measurement device must be capable ¢f measurements
wlith an accuracy of 0.1% of the maximum edge~dimension|of the useful

isplay area.

6.1.4.3 Profedure: Class 1 - It is recommended.that the display|luminance be set
at pO%L or as specified for these measurements. The measyrements may vary
slightly with different luminance settings because of thé change in line
width as a function of Tuminance on‘a CRT. The level of|ambient 1ight
upop the display is not critical.for these measurements.| However,
accuracy is improved if the ambient illumination is kept|{at a Tow value
(thpt is, display backround luminance of 1% of symbol Tuminance).

A symbol pattern must be @stablished in the central portjon of the screen
to display the charactens to be measured in millimeters ¢r inches. For
these measurements, dithering circuitry must be disabled

The| selection of-'the actual characters, such as W, H, E,|will depend on
the| type of character font employed. The highest and widest or narrowest
character of the particular font type will be of interest. In addition,
spacing between characters, words and lines may also be ¢f interest and
can| be measured by the same equipment setup and technique.

6.1.4.3.1 Hp

1ght' For character helght measurement a row of three characters and

B rde e . ers—provide a better
target for v1sual]y establ1sh1ng the top and’bottom edges of the
characters).
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6.1.4.3.1 (Continued):
The character height is then obtained by taking two vertical dimensions
that are determined by placing a horizontal crosshair or aperture edge
at the bottom of the character and measuring (vy) from a reference
point, such as the edge of the display or another symbol. Then repeat
at the top of the character to obtain (vp). The difference vy -
vy gives the character height (H) as illustrated below.
I EEE
| H=vo - vy (6.1.4-1)
12 1
|
6.1.4.3.2 Hidth: The character width is obtained by repeating this procedure of
6.1.4.3.1 on a column made up of at least three characters|of the same
type.
The cfrosshair or measuring aperture edge must be vertical.| Two
horizontal measurements are taken from areference point: |a dimension
(hy) [to the left side of the column and (hg) to the right pide of
the cplumn of characters. The difference between the two measurements
provides the width (W).
W=hy - h (6.1.4-2)
o ny——>
[———hs
6.1.4.3.3 : Character height-to-width ratio is|often
It is obtained by dividing the character height|by its width
to obtain-the ratio:
RH—W = A/W (6.1.4-2)
6.1.4.3.4 Character Spacing: Between characters, spacing may be obtained by

employing the procedure described in 6.1.4.3.2 (width) to measure the
space between two characters of interest (edge-to-edge between the
specified symbols).
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6.1.4.3.5 Line Spacing: Between-line spacing can be determined by applying the
procedure described in 6.1.4.3.1 (height) to measure the vertical space
between lines of text. '

bowe g el

P

6.1.4.3.6 MWord Spacing: Between-word spacing can be measured by employing the
(WwidtR) procedure, 6.1.4.3.2 to the space between words.

e

6.1.5 Viewing Envelope (U)k(P):
5.1

cgpeﬁ This procedure describes the-measurement method for the horizontal
and vertical 1imits of readabilitycas a function of Tuminance of a display.

kn

6.1.5.2 Method 1 as a Function of Luminance: C1ass 1 procedurg.

6.1.5.2.1 | Apparatus Required: Photometer ~ Goniometer/tilt-taple - must be
capable of at least 180-deg of movement in the horizpntal plane and from
(=) 10 to (+) 30 degCin the vertical plane. The gonfiometer must be
capable of 1 deg resolution.

6.1.5.2.2 | Measurement Procedure:

6.1.5.2.3 | Set Up: For~this procedure the display under test is mounted securely
to the goniometer/tilt-table platform. It is recommpnded that the
center’ of the display surface be aligned to the centpr of rotation of
the goniometer. The display should project five equplly spaced squares
within the usable display area as defined in Fig. 18, The photometer is
held stationary at the required viewing distance and| focused on one of
the squares.

6.1.5.2.4 Procedure:

.1.5.2.4.1 Horizontal Measurements:

[=3]

1. Set the goniometer at O deg and the tilt-table at O degrees. (The
display should be normal to the photometer.)

2. Ensure the photometer is still focused on the display face. (For
extreme horizontal angles between approximately 0 - 20 and 160 -
180 deg the display face may not be visible therefore, those
horizontal angles may be omitted.)

Y Som—— w Distributed under license from the IHS Archive:
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A

A\JN

Viewing Envelope - Method 1
FIGURE 14 - Goniometer/Tilt-Table Movement

~ e o e -
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6.1.5.2.4.1  (Continued):

3. Record the luminance level corresponding to this horizontal angte.

4, Advance the goniometer horizontally by +5 degrees.

5. Repeat Steps 2, 3, and 4 through 180 degrees.

6.7 For a visual representation of the data, plot the Tuminance tevel
on the ordinate and the correspond1ng angle (in degrees) on the
abscissa. 7

7. Repeat Steps 1 through 6 for the other four squdres.

6.1.5.2.4.2| Vertical Measurements:

T. Set the goniometer at 90 deg and the tilt-table [at -10 deg on the
first square. (The display face should be deprgssed in the
vertical plane and perpendicular fo the photometer in the
‘horizontal plane.)

2. Ensure the photometer is still focused on the display face. (It
may be required to raise or Tower the elevation |of the photometer,
DO NOT, however tilt the photometer to match tHe angle of the
d1splay )

3. 'Record the luminance” level corresponding to thig vertical angle.

4, Incrgase the elevation by 5 degrees.

5. Repeat Steps 2, 3, and 4 through‘+30 degrees.

6. For a.visual presentation of the data, plot the |[Tuminance on the
ordinate and the corresponding’angle (in degreeg) on the abscissa.

7. Repeat Steps 1 through 6 for the other four squares.

6.1.5.3 Mef hod 2_as a Function of Viewability: C1ass 2‘proced0re - This method
des ope of a CRT
display. In this procedure, the viewing envelope is defined as the

maximum off-axis angles (measured from the normal to the display surface)

at which the entire useful screen of. the display is visible,

however,

Tuminance or the perception of graphics as a function of angle is not
objectively measured by this procedure.

™ Distributed under license from the IHS Archive
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6.1.5.3.1 Apparatus Required: Test Bench - Measuring Scale (graduated in 0.1 inch

increments or smaller).

6.1.5.3.2 Measurement Procedure:

6.1.5.3.2.1 Set Up: On the bench top, draw lines A, B, and C (see Fig. 15).
Lines A and B are parallel (within +0.5 deg) and line C is
perpendicular to 1ines A and B (within +0.5 deg). Lines A and B
should be separated by at least 18 inches.

6.1.5.3.2.2 Procedure: Set the d1sp1ay on the bench top and align the bezel with

een Tine C and the intersection of the observer™s' 11
which the useful screen just disappears behind the b

N

neasure Lo, 1t is recommended that a scale be laid al¢
n one end coincident with the intersecfion of lines C
byver can then Took past the scale tounthe display surf
't at which the useful screen just ‘disappears behind
n be read directly from the scale(see Fig. 16).

off axis viewing angle can be calculated as follows:

theta =

=

Viewing Angle inverse tangent (Lao/Ly)
The
by

NOTE: To perform the above measurement the display unit
not|required to(be operating. However,
display is not.visible (due to a "dark" filter, etc.),
must be operating and it must display a rectangular "box|
pattern whose size defines the useful screen of the disp]

viewing angles for the other sides of the display ca
rotating the display-by 90 .deg and repeating the abov

With a ruler, measure Ly and Ly (within 40.1 ing

if the useful scy
the display

y move their
portion of

e of sight
zel) with
hes).

png Tine B
and B. The
ace. The

the bezel can

(6.1.5-1)

be measured
procedure.

under test is
een of the

or a raster
ay (display
this pattern

dit?ering must be disabled). The observer will then use

to fefine the useful screen in the above procedure.
6.2 Luminance Measurement Procedures (U) (P):

6.2.1 This procedure describes luminance measurement methods

Scope:
screen and patterned screen CRT displays.

for uniform

The procedures described here are

used to measure area and line luminances (after the display has been set up

per the display specification).

6.2.1.1 Definitions:

perceives as brightness of a display.

Luminance - Luminance is the measure of what the eye
Luminance is defined as the

Tuminous intensity per unit area that is emitted by a surface in a given
direction (for more information on luminance and photometry see "The Basis

of Physical Photometry", Reference 4.1.2.5.

D\slnbutedander license from the IHS Archive
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—~fe=—— DISPLAY UNIT
UNDER TEST

|— CRT(INSIDE DISPLAY UNIIT)
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n
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FIGURE 15 - Viewing Envelope -~ Method 2
Test Setup '
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FIGURE 16 - Viewing Envelope - Method 2
Test Setup
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6.2.1.2

6.2.1.3

Recommendations for Luminance Measurements: In most CRTs, luminance is
most uniform in the center of the screen, so the most repeatable Tuminance
measurements are taken at screen center. Therefore, to characterize
display luminance it is recommended that luminance measurements be taken
at screen center unless there is a requirement to measure Tuminance in
another area (for example, luminance uniformity).

Apparatus: Class 1.

6.2.1.3.1 Calibration: All 1uminance,méasurement$ shall be made using a 7
photometer with a current calibration that is traceable to the National

6.2.1.3.2

6.2.1.3.3

6.2.1.3.4

vefresh rate of the display.

luminances to within an accuracy of at least +5%.

~capable of measuring
Hhen measuring

Tuminances under an ambient 1ight, the photometerDmyust be able to

measure luminances without shadowing the area of" th
be measured. ‘A1l Tuminance measurements willbe ma
photometer positioned perpendicular to the display

flat) or perpendicular to the tangent plane at scre

curved).

Dot/Area Luminance, Monochrome Displays:  For monoc
photometer must be capable of measuring "dot" lumin
whose diameter is less than or-equal to 25% of a 11
the width at half peak 1ine luminance). The photom
capable of measuring area duminances in an area who
greater than or.equal to-the distance between five

Dot/Area Luminance, Shadowmask Displays: For color
the photometer must.be capable of .measuring "dot" 1

that has a diameter less than or equal to 80% of a

and "area" luminances of an area that has a diamete
the phosphon~dot pitch (phosphor dot pitch is the m
between phosphor dots of the same color).

Photométer Saturation: For CRT measurements, preca

. to ensure that the measuring system sensitivity is

avoitd inadvertent saturation of the photodetector.
occlr in short pulses of high intensity which are r
Typically, the photod

b display surface to
le with the

surface (if it is

bn center (if it is

rome displays, the
ances in an area

ne width (that is,
pter must also be
e diameter is '
raster lines.

shadowmask displays,
Iminances of an area

bhosphor dot diameter
r at least ten times

inimum distance

itions must be taken
properly adjusted to
The CRT emissions
bpeated at the
ptector response is

much faster than the response of the photometer sys
photodetector can be saturated by short duration, h
without the total system becoming saturated (that i

photodetector may not be evident to the photometer operator).

consequence, erroneous data can result. Refer to 3

photodetector saturation test procedure.

tem. The

igh intensity pulses
s, saturation of the
As a
2.1.1.9 for
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6.2.2 Area Luminance Procedure (U) (P):

6.2.2.1

6.2.2.2

6.2.2.3

6.2.3 Line Luminahce Procedures (U) (P):

6.2.3.1

Scope: This procedure describes how to measure large area luminance
(raster or stroke) of monochrome and color CRT displays.

Test Setup: Class 1 - The display unit under test will be set up to
display a raster or stroke patch (a set of closely spaced stroke Tines) at
the center of the screen. The size of the raster or stroke patch should
be at least three times the diameter of the area measured by the
photometer (0.5 x 0.5 in or larger will be adequate for most
requirements). For a color display, the color of the pattern shall be -
selectable to any color that is required to be measured. The ambient
lighting WiTT be set up to 1TTuminate the dispTay surface (3F fequired).

The photometer will be positioned to measure the luminance ‘at fhe center
of the screen. For a monochrome display, the photometeriwill pe set up to
measure the luminance of an area whose diameter is at Teast fiye times the
line spacfing of the raster or stroke patch. For a color displpy, set up
the photometer to measure the Tuminance in an arealwhose diamefer is at
least ten| times the phosphor dot pitch (phosphondot pitch is fthe minimum
distance petween phosphor dots of the same color).

Procedurel: Class 1 - Position the photometer to measure the area
luminance| in the location required. Measure and record the arga luminance.

Scope: Three procedures (Class.1)  are described to measure thg line
(stroke) [luminance of monochrome and color CRT displays:

Line Lumipance #1: Peak Luminance Method (6.2.3.2) is applicaple only to
CRT displhys with uniform screens. This method measures the maximum
Tuminance| (that is, the,*peak Tuminance") of the luminance profile of a

-1ine. Thjis method assumes that the peak line luminance is a gpod

indicator| of perceived line brightness.

Line Lumipance #2: K-Factor method (6.2.3.3) is applicable onjy to CRT
displays with patterned phosphor screens. This method measurep the peak
Tuminance[ 6f'a 1ine and then multiplies it by a transmission factor (that
is, the K-Factor) to account tfor the transmission ot the shadowmask and
black matrix on a patterned phosphor screen. This method assumes that the
peak line luminance reduced by the screen transmission is a good indicator
of perceived 1ine brightness.

Line Luminance #3: "Stroke Patch" Method (6.2.3.4) is applicable to
monochrome and color CRT displays. This method measures the area
luminance of a set of closely spaced lines (that is, a stroke patch). The
stroke patch method attempts to measure the integrated luminance of a line
luminance profile. Measuring an area luminance of a line integrates the
luminance contribution of an entire line. Measuring several closely
spaced lines makes the measurement independent of measurement geometry
(that is, field size of the photometer, location of the line in the
photometer measuring field, etc.). However, the stroke patch lTuminance
does depend upon the 1ine spacing and, hence, the 1ine spacing must be
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6.2.3.1

6.2.3.2

(Continued):

specified for this measurement.

This method assumes that the 1ntegrated

tuminance of several lines is a good indicator of perceived line

brightness.

Discussion - For uniform screen displays, luminance is normally specified

in terms of a raster patch luminance.

here (6.2.3.2) measures the peak Tine luminance of the display.

The 1ine luminance procedure shown

It is

generally accepted that the eye is not a "peak detector" and hence the

monochrome line luminance procedure shown here cannot

measure of perceived line brightness on a monochrome

For displays with patterned screens, two line luminan
described here. The first line Tuminance procedure (
K-factor to calculate a line luminance from peak 1line
shortcoming of this method is that the eye does not s
alone. Intuitively, methods using a scanning photome
like a good approach to measure line width on a patte
practice it is difficult to identify aDslit width tha
repeatable measurements for all lines.oriented at var
patterned screen.

There is a growing body of literature showing that, f
2 to 4 min of arc, the eye .is not sensitive to lumina
For these small objects, the eye integrates brightnes
subtended by the object..OThe "stroke patch" procedur
method of performing the brightness integration in th

procedure is not a ‘reliable measure of viewability fo
different 1ine widths. The stroke patch procedure (w
1ine width and—luminance) may be a better measure of

None of theprocedures presented here should be taken
in line_duminance measurements for CRT displays.

Line’ Luminance #1 - Peak Luminance Method (U): This
appHtcable only to CRT displays with un1form screens

measuring a Tuminance.closer to what the eye perceives.

be taken as a
display.

ce procedures are
6.2.3.3) uses a
Tuminance. A

ense peak luminance
ter slit may seem
rned screen, but in
t will generate
ious angles on the

pr objects less than

hce distributions.

5 over the area

(6.2.3.4) is a

CRT display and
The K-factor

r displays with

hich incorporates

stroke brightness.

e
o
5

as the "last word"

procedure 1s
(that is, monochrome,

6.2.3.2.1

penetron, etc.).

Test Setup: Class 1 - The dfsp]ay unit uhder test

should be set up to

display both a horizontal and a vertical stroke 1ine (0.5 in or longer)

at the center of the screen. The ambient 1ighting
iTluminate the display surface (if required).

Set up the photometer to méasdre "dot" luminance in

is to be set up to

an area whose

diameter (or slit width) is less than or equal to 25% of the line width
(that is, the width at half peak line brightness) at the center of the

display.
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6.2.3.2.2 Procedure: Class 1 - Display a horizontal stroke Tine and measure the
peak luminance:

Set up the photometer to measure the "dot" Tuminance at screen
center,

Slowly scan the stroke line (or the photometer) vertically until a
peak lTuminance is measured by the photometer (a scan rate of

0.2 mm/s is suggested). Measure and record the peak Tuminance. If
a s1it instead of a spot aperture is used, special care must be
taken to insure that the long axis of the slit is parallel to the
stroke line.

Display a vertical stroke line and measure the peak luminance:

Sat up the photometer to measure the "dot" Tuminance at| screen
cgnter.

Slowly scan the stroke Tine (or the photométer) horizontally until
a |peak Tuminance is measured by the photometer. Measure and record
the peak luminance.

The Tine Tuminance of the display is thezaverage of the horigontal and
vertical peak luminance values.

Line Luyminance = 1/2 x (Horizontal Peak Luminance + Vertical| Peak
Luminance) (6.2.3-1)

6.2.3.3 Line Lumihance #2 -~ K-Factor Méthod (P): This procedure is only
applicablle to CRT displays with patterned screens (that is, cojlor
shadowmaslk, beam index, etc.). The procedure is given in 6.2.B.3.2. This
procedurd references twoiother “subprocedures" - phosphor dot [luminance
(6.2.3.3.]3.1) and K-factor procedure €(6.2.3.3.3.2). Since phosphor dot
luminancg and the K<factor are a function of location on the phosphor
screen, the dot lum¥nhance and K-factor procedures must be perfprmed at
each screen location where line luminance is to be measured. [These
procedures have been written with round phosphor dots in mind.| If the
display be‘tested has a "slot" or "stripe" phosphor structure, then the
term "diameter of a phosphor dot" should be interpreted as the| smallest
dimension of a phosphor area (that is, the width of the phosphor “slots”
or "stripes™).

6.2.3.3.1 Test Setup: Class 1 - The display unit under test should be set up to
display a horizontal and vertical line (0.5 in or longer) at the center
of the screen. For a color display, the color of the pattern must be
selectable to any color that is required to be measured. The ambient
Tighting will be set up to illuminate the display surface (if required).

e ——— e

Tesm—— s
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6.2.3.3.2 Procedure: Class 1 - Measure the K-factor for each primary color of the
display unit under test (see the K-factor measurement subprocedure -
6.2.3.3.3.2).

Display a horizontal line of the color to be tested and measure the peak
Tuminance of its component primary colors:

Set up the photometer to measure the phosphor dot luminance of a
primary color at screen center (see the phosphor dot Tuminance
measurement subprocedure - 6.2.3.3.3.1).

inance is measured
by the photometer. Measure and record the peak|primary Tuminance.

Repeat for each primary color.

Display a vertical line of the color to be:tésted anfl measure the peak
luminance of its component primary colors:

Set ub the photometer to measure/the phosphor dot luminance of a
primary color at screen centeri(see the phosphor dot luminance
measurement subprocedure - 6.2:3.3.3.1).
Slowly scan the Tine horizontally until a peak Juminance is
measured by the photometer. Measure and record|the peak primary
luminance.
-Repeat for each primary color.
Calculate the luminance of the primary colors as follows:

The peak Tumifance of a primary color is the average|of the horizontal
and vertical peak luminances for that primary color:

Peak Luminance (1) = 1/2 x (Horizontal Peak Luminanceé + Vertical Peak
Luminance) (6.2.3-2)

Calculate the I%ne Tuminance as shown below:

Line Luminance (1) = Kkl) X Peak Luminance (1) ' (6.2.3-3)
Where K (1) is the K-factor of the first primary color.

Repeat the above calculations for all primary colors. If there are
three primary colors, this will result in three primary line luminances:

Line Luminance (1)
Line Luminance (2)
Line Luminance (3)

™~ / Distributed under license from the IHS Archive
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6.2.3.3.2 (Continued):
Tuminances of its primary colors:

+ Line Luminance (3)

Subprocedures for the K-Factor Method:
Phosphor Dot Luminance Measurement Subprocedure:

6.2.3.3.3
6.2.3.3.3.1

Comment:

The 1ine luminance of the color under test is the sum of the Tine

Line Luminance (color tested) = Line Luminance (1) + Line Luminance (2)

(6.2.3-4)

The

of fa single phosphor dot.

notl a direct measure of perceived brightness.

larjge enough to yield repeatable area Tuminance measurem

Setl up the display unit under test to display the patter
measured. Set up the ambient lighting:.to allow the prop
i1lumination of the display surface. Set up the photome
thel Tuminance in an area whose diameter is lTess than or
75% of the diameter of one phosphor dot. The area measu
photometer must lie completely inside the phosphor dot.
require the use of special lenses or special apertures,
the| photometer so special.calibrations may be required ¢
photometer manufacturer!soliterature). Position the pho
measure the luminance ©ofa phosphor dot. The photometer
posfitioned so that the measured area is roughly centered
phosphor dot. MeasSure and record the dot Tuminance.

K-Factor Measurement Subprocedure: Comments: The K-fac

deskribed here 'is a measure of the optical transmission
Face for)a primary color. The K-factor for each prim

sur
usefl to calculate the luminance of a line.

6.2.3.3.3.2

phosphor dot Tuminance procedure described here measures| the Tuminance
The human eye usually doesonoft discriminate
individual phosphor dots, so phosphor dot luminance.measurements are
Phosphor gdot Tuminances
are| used to derive a measure of perceived brighthess for| small objects
(such as lines on a color shadowmask display) whose areas are not

nts.

n to be

ey ambient
ter to measure
bqual to 50 -
red by the
This may

or both, in
see the
tometer to
should be

in a single

tor procedure
pf the display
Ary color is

Display a raster pattern (with a minimum size of at leas
the diame € photometer meas a e
color of the raster shall be a primary color.
ambient 1ighting on the display surface.

satisfies the following condition:

(Maximum Dot Luminance)/(Minimum Dot Luminance) < 1.10

Lt o s

t three times
center. The

There shall be no
If possible, adjust the
raster line spacing or focus, or both, until the phosphor dot
luminance of six linearly adjacent phosphor dots (see Fig. 17)

(6.2.3-5)
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‘e DENOTES LINEARLY ADJACENT DOTS FOR
HORIZONTAL RASTER LINES.

VERTICAL RASTER LINES.

R=RED; B=BLUE; G=GREEN

FIGURE 17 - Linearly Adjacent Phosphor Dots
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6.2.3.3.3.2 (Continued):

Comment: The purpose of measuring the phosphor dot Tuminance of
Tinearly adjacent phosphor dots is to ensure a raster field of uniform
lTuminance. This is performed by measuring the luminance of a line of
phosphor dots that are perpendicular to the raster lines (see Fig. 17).

Measure the phosphor dot luminances of six Tinearly adjacent primary
phosphor dots (see Fig. 17).

In the same area, measure the area luminance of the raster.

Calculate the K-factor as shown below:

K fag¢tor = (Area Luminance)/(Average Value of 6 Dot Lumindnce)
(6,2.3-6)

Repeat the K-factor measurement for each primary’ color.

6.2.3.4 Line Luminance Procedure #3 -~ "Stroke Patch" Méthod (U) (P): (This
procedure is applicable to monochrome and color displays.

6.2.3.4.1 Test Setup: Class 1 - Display a "stroke“patch" (with a minjmum size of
aﬁ 1ea§t three times the diameter of .the photometer measuring area) at
the ce 1"'

ter of the screen. The strokKe patch is a set of pardllel lines
spaced |at a predetermined distance between Tine centers and (written at
the notmal stroke writing speed(for the display. For a colgr display,
the color of the stroke patchlshall be selectable to any color that is
requirdd to be measured.

Commen¥: There is a growing body of literature showing that, for
objects less than 2 to,4 min of arc, the eye is not sensitive to
Tuminance distributions. For these small objects, the eye jintegrates
brightness over the area subtended by the object. The stroKe patch
procedyre is a-method of performing the brightness integration on the
CRT digplay and measuring a Tuminance closer to what the eyq perceives.
A1l other stroke Tuminance procedures presented in this docyment do not
account for-"the eye's integrative characteristics, hence, the stroke

i

patch

6.2.3.4.2 Procedure: Class 1 - Measure and record the area luminance (per 6.2.2)
of the stroke patch. For the stroke patch, a 0.020 inch 1ine spacing is
recommended as a baseline. If other line spacings are used for stroke
patch measurements, the line spacing must be stated with the Tuminance
measurements. The stroke patch luminance and the stroke patch line
spacing is a measure of perceived 1ine brightness.
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6.2.4 Luminance Uniformity Procedure (U) (P):

6.2.4.1 Scope: This procedufe describes how to measure the uniformity of
luminance on a monochrome or color shadowmask CRT display.

6.2.4.2 Definition: Luminance uniformity is a measure of the variation of
Tuminance across the display surface.

Luminance nonuniformity of a display is caused by variations in intrinsic
display parameters (such as variations in deflection linearity, writing
speed, phosphor dot size, filter transmission, etc.). Luminance

n i s i y (such as

surface due to
ntrinsic display
aces (either

fent illumination.

ariations in incident illumination across the display
irvature of the display surface) is not a measure/of
brformance. Hence, displays with curved phosphor™ sur
bherical or cylindrical) shall be measured in, zero am

NT O <

lTuminance
rement time is
production line),
d (that is, all

Fpr a color shadowmask display, this procedure measure
upiformity of each primary color. However, where meas
cpitical (such as in an "end item" Class 2 test on the
Tuminance uniformity of a "white" raster can be measur
primary colors excited).

T

6.2.4.3 Tpst Setup: Class 1 - The display unit under test shall be set up to
display a raster or stroke patch pattern shown in Fig.|18. For a color
spadowmask display, the color of the patch pattern shall be selectable to
be any of the three primary colors (typically red, green and blue). The
ambient lighting will be:set up to illuminate the display surface (if
required). The photemeter shall be set up to measure an area luminance
(per 6.2.2) at the center of each of the luminance patghes.

6.2.4.4 Procedure: Class'1 - Position the photometer to measuve the area

display, measure
that Tocation. As
other Tuminance
ons may be measured
ce uniformity of
terms of ratio and

iminance of the center patch. For a color shadowmask
nd record the area lTuminance for all primary colors a
minimum,<repeat the area luminance measurement at th
atch locations 1, 2, 7, and 8 of Fig. 18 (other locat
F required by the display specification). The lumina
ach\primary color is calculated using two methods (in

DD T WY D

Luminance Uniformity (Ratio Method)
Luminance Uniformity = (Maximum Luminance)/(Minimum Luminance) (6.2.4-1)

Luminance Uniformity (Percent Method)
Luminance Uniformity = {[(2 x Maximum Luminance)/(Maximum (6.2.4-2)

Luminance + Minimum Luminance)] - 1} x 100.0

where Maximum Luminance and Minimum Luminance are the maximum and minimum
Tuminances (respectively) measured on the display.
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FIGURE 18 - Site Measurement Pattern for Luminance and Color Uniformity
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6.2.5 Shades of Luminance (U) (P):

6.2.5.1 Scope: This procedure describes how to determine if two luminance values
satisfy a minimum lTuminance ratio of 1.414.

Comment: The square root of two (that is, 1.414) is generally accepted as
a readily discriminable luminance ratio between shades of the same color.
For a "black and white" display, the ratio of 1.414 is generally used to
define "shades of gray”. ,

6.2.5.2 Test Setup: Class 1 - The display and photometer should be setup to
pey ' S ' 22 ent 1ighting
shquld- i1Tuminate the display surface (if required).

6.2.5.3 Pracedure: Class 1 - Measure the luminances of the vastpr or stroke
pafiches on two adjacent shades of the same color,of a test pattern.

Calculate the ratio of the luminances as follows:

RL = L/Lp (6.2.5-1)
whqre: R = ratio of adjacent luminance patches
Lg = luminance of bright patch
Lp = Tuminance of dim patch

Verrify that the ratio is equal to or greaterrthanrthe vallue of 1.414.
6.2.6 Luminance Contraét W) (PyoEClass 1.

6.2.6.1 Scape: The purpose of this procedure is to provide a mepns of measuring
thg luminance contrast of CRT displays. The examples uspd in this
prgcedure are for _worst case (bright diffuse and direct pr reflected
spgcular sunlight) ambient 1ighting conditions. These procedures measure
only luminapge 'contrast and do not account for color contrast. See 6.3.8
fory Color-Difference.

6.2.6.2 Deflinition of Terms: The definition of terms used in thfis procedure shall
be [as.\follows: '

Ly - Luminance of background including ambient contributions.
Lt ~ Total Tuminance of image element including ambient conditions.

KLt-KLp
KL

Contrast is then defined as C = (6.2.6-1)

Where: C = on/background contrast of a lighted image element.
K¢, Kp = luminous correction factors for image element and
background Tuminance, respectively (the factor k is defined by
formula 6.2.6-2).

(See Glossary, Appendix A for detailed definitions and discussion of
"CONTRAST".)
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6.2.6.2 (Continued):

These quantities shall be measured and their values used to calculate the
contrast (C). An image element is defined as the spatially
distinguishable portions of displayed characters, symbols or video image
patterns that are visually recognizable by the observer.

6.2.6.3 Accuracy and Precision: For the most accurate and reliable results, the
photometer shall meet the following requirements.

6.2.6.3.1 Photopic Filter: To insure accurate lTuminance readings under a wide
variety of lighting conditions, the detector of the photometer shall be
trimmed to +5% (total area error) of the 1931 CIE Y standarf observer
functipn. If it is observed, that, in some cases luminance| inaccuracies
occur due to the spectral distribution of the display mnder| test, a
calibrpted spectroradiometer shall be used to calculate the| luminance of
the dijsplay. A correction factor may be calculatedfor luminance when
measurfing a particular display/lighting conditionCby the fo lowing

formulp:
Ls
K = L—p— (6.2.6-2)
p
Where:| k = the luminance correction factor
Lsp = the lTuminance as calculated by the spectoradipmeter
Lp = the luminance as measured by the photometer

It shopld be noted that, in-most cases this correction factor will be
valid For all display luminances. However, the spectral regponse of
some phosphors change with respect to applied drive potential. In these
cases,| correction factors shall be established for different drive
conditfions. It may also be necessary to establish individual correction
factorg for different (especially narrow band) ambient sourges.

6.2.6.3.2 Saturation of(Photometer: For precaution on photometer satyration, see
6.2.1.8.4.

6.2.6.3.3 Linearjty of Photome%er: The photometer shall be linear to|+1% of the
full range of intensities to be measured, see 3.2.1.2.6.

6.2.6.3.4 Stability of Photometer: The photometer shall be allowed to stabilize
to the manufacturer's recommendations before any measurements are made.
The photometer must not exhibit more than +1% drift when measured
against a luminance standard for the typical measurement period.

6.2.6.3.5 Analog to Digital Conversion: The photometer shall have at Teast three
digits of precision in analog to digital conversion.
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6.2.6.3.6

Input Optical Flare:

of the photometer is often referred to as optical flare.

Scattered or unwanted light caused by the optics

This Tight may

be due to dirt or scratches on the photometer optics, multiple
reflections from the surfaces or reflections or scattering from surface

mounts.

The optical flare may be measured as follows:

The test field shall consist of a lambertian diffuser (3.2.1.2.11) in

the center of which is a circular,
shall be backlighted by either an illuminant A type

perfectly black spot.

The diffuser
source (see

glossary) or a spectrally similar source to the sample being measured.
The black spot’ d1ameter must be at least three diameters greater than

"A'reading shall be'made‘of-the k

on the black spot
subsequent reading of the bright field shall be/madq.
of the bright field shall be made no less than. 1-1/3
black spot away from the center of the black spot.

photometer is in focus

lTack spot and a

The measurement
diameters of the
The contribution to

11 be less than
calculated as

the reading of the photometer from optical«fiare sha

1.0%. The optical flare of the photometer’ shall be
follows:

L.
N %9100

L (6.2.6-3)
max

Fb =

Where: Reading of.hblack spot
Reading of-bright field

System optical flare

Lmin
Lnax
F%

6.2.6.4 Luminance Difference-Measurements:
measured for lTuminances Lt and Lp. These values are U
uminance difference (Lt - Lp). This luminance differ

used to establish compliance with the value specified.

test shall be
sed to calculate
ence shall be

The display under

This test must be performed for a minimum of five disg
the display (Positions 1, 2, 7, 8 and C of Fig. 18).
uminance at the display surface when no ambient 1ight
result of the reading. The ambient lighting is considered "dark" when it
Use the

“1s- Tess than 1% of the Tuminance of the sample to be measured.
uQnf1gurai1Qn_Qf_E1g‘_l3_m1ih_ihe_source_E_iurned_foﬂand a diffuse

reflecting standard per 3.2.1.2.11 in place of the display to determine
the ambient light level and the measurement performed per 5.1.4.1.

rete positions on
Dark ambient is the
ing influences the
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FIGURE 19 - Specular Configuration for Measuring Reflectance at Display Surface
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6.2.6.4.1 Measuring Technique: To measure the Tuminance difference of 6.2.6.4 the
following procedures shall be followed. A spot photometer whose
measuring aperture covers between 50 and 75% of the sample i(for example,
pixel or image element) under test shall be used. If a smaller area is
being covered, a sufficient number of readings shall be taken to
determine the average luminance of the image element. It is permissible
to position the aperture within the image element to achieve a peak
"reading however, generally, the dark and light areas within an image
element should be measured simultaneously. If the size of the measuring
aperture permits, several non-overlapping measurements within the image
element shall be made to determine the average Tuminance of the image

ents shall be made

The same meas(ring aperture shall

one measuring aperture width apart
be used to determine Lt and Lp.
6.2.6.5 Rpflectance Luminance Measurements: The values.obtained for the
prameters Lt and Lp shall be measured under-the affects of specular

nd diffuse reflected Tuminance separately or a combined specular and
iffuse reflected Tuminance test may be done. These values shall be
ctermined using the specular configuration illustrated in Fig. 19 as
kplained in 6.2.6.5.1, the diffuse configurations of Figs. 20 and 21 and
ne combined specular and diffuse configuration of Fig| 22.

@ Q.Q.sv'cl:U

6.2.6.5.1 | Specular Reflectance Luminance Measurements: Specular reflections from
an airborne electronic display face takes place when|a specific light

source, that is incident upon the display face, is reflected in a single
(specular) direction in<the same manner that a mirrof would reflect the
incident light. This-can occur when the sun shines directly upon the
display face or the sun is reflected onto the display face from a
helmet, a visor, or~other polished surface.

The Tight source E in Fig. 19 consists of a white dififuse reflector that
is il1luminated by a spot light that is collimated or |shaded to prevent
stray light from entering the photometer objective. |An alternate source
can be a<spot light with diffusing filter(s) such thdt there is no
discernable hot spot; that is, the ratio of the maximum to minimum
luminance on the useable face area of the diffusing flilter is no greater
than 2:1. The source shall be or1ented so as to produce incident light
0 g rela NOrma and—the—pHotometer, P,
shall be oriented at 30 + 2 deg relative to N (ep) To establish
these angles, view the source E as a reflection on a first surface
mirror of known reflectivity (R). Adjust the luminance of 1ight source
E to produce a reading of 2000 fL times R (or as specified) as measured
by the photometer.
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FIGURE 20 - Diffuse Configuration for Measuring Reflectance at Digplay From
an Off-Axis Source

Diffusing Filter\\\\\\
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FIGURE 21 - Diffuse Configuration for Measuring Reflectance at Display
Surface From Light Source Normal to Display
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FIGURE 22 - Combined Diffuse and Specular Configuration for Measuring
Reflectance at Display Surface
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6.2.6.5.1

6.2.6.5.2

6.2.6.5.2.1

(Continued):

The mirror shall then be replaced by the display surface. The
photometer shall then be refocused upon the display face for measuring
the specular(s) values of Li(g) and Lp(s). While measuring the

display, source E is seen by the photometer as a defocused diffuse light
source. Lg¢g) shall then be measured. The desired display background
Tuminance measurement position shall be reached by translating the
display with a combination of X and Y display motions parallel to the
plane defined by the display surface. This measurement shall be at
least one measuring aperture diameter but no more than two diameters
from the adjacent edge of the image element (or as specified). Lp(g
shall [then be measured. Calculate specular contrasts by Anserting tﬁe
values Lp¢g) and Lt¢gy in Formula 6.2.6-1.

Diffude Reflectance Luminance Measurements: Diffusesveflection from an
airborjne electronic display face occurs when ambient Tight [that falls

upon the display face, from many directions with@bout equal intensity,
is refllected by the display face in many direckions. This [can occur
when gn aircraft is flying through or adjacent/to clouds that are
i1luminated by the sun.

Two se¢parate procedures for the measurement of diffuse reflectance are
provided in this procedure. They include a test with the

normall (Fig. 20) to the display surface and a test with thel 1ight source
normal] (Fig. 21) to the display surface. Either test may specified
but it is recommended that both tests be performed to provide a complete
evaluation of the display under any given light/observer condition.

Procgedure 1 (Photometer. Normal to Display): Light source/L in Fig. 20
shalll produce a diffusely refiected Tuminance at the display surface,
The [source L must be'a well diffused 1ight source defined in 6.2.6.5.1
or & transilluminated surface as illustrated in Fig. 20, | With a
reflectance standard per (3.2.1.2.11) substituted for the| display
surflace, the{photometer and the 1ight source shall be orignted to
achieve an @ngular relationship such that the photometer [is normal to
the [display, 6L = 30 + 2 deg and to simultaneously permit{ an
i1Tuminated area on the display to be equal to or greater| than three
timels“the diameter of the measuring area of the photometefr. The
luminance of the source shall then be adjusted to a reading of 8000 fL
(for covered cockpit displays) or 10 000 fL (for bubble canopy
displays) as measured by the photometer focused on the reflectance
standard in accordance with the ambient 1ight measurement procedure of -
5.1.4.1,

The reflectance standard shall then be replaced by the display
surface. MWith the photometer focused on the display surface, Li(d)
shall be measured. The display shall be translated as in 6.2.6.5.1 to
permit the measurement of Lyp_q7. Diffuse contrast Cyy as viewed
normal to the display can then be calculated by inserting the values
for Lp_gq1 and Lt_gq71 into Formula 6.2.6-1.
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6.2.6.5.2.

6.2.6.5.3

2 Procedure 2 (Light Source Normal to Display):
Tight source Ly is normal to the display surface.
then situated at an angle 30 +

2 deg relative to N.

In Fig. 21 the diffuse

The photometer is
The parameters

regarding il1luminated area size, luminance levels at the reflectance
standard and the transposition of the display for measurement of

Lp-d2 and Li{_g2 are the same as those given in 6.2

.6.5.2.1.

Diffuse contrast Cq2, as viewed 30 deg off normal to the display can
then be calculated by using the values Lp_g2 and Li_g2 in Formula

6.2.6-1.

Comb1ned Diffuse and Specu]ar Reflectancg Measurement

dlffuse amb1ent 11ght reflections, this test 1s desi
specular lighting conditions that may drastically in
perception of the display.

As illustrated in Fig. 22, position the<spot diffuse
normal to the display while observing the same proce
6.2.6.5.2.2. The photometer shall be<oriented such

2 deg relative to N. The specular.light source labe
such that 6 = 30 + 2 deg relative to N. The illumi
produced by either source shall(be equal to or great

Substitute a first surface'mirror of known reflectiv
display and focus the photometer on the reflection o
mirror. Adjust the. source E to 2000 fL x R (or as s
measured by the photometer when focused on the image

the diffuse source Ly for a reading of 8000 fL (for
or 10 000 fL/(for bubble canopy) as measured in acco
by the photometer focused on the reflectance standar

Replace” the reflectance standard with the display an
Lt(sed) -

X and y axes as in 6.2.6.5.1.

contrast of a display where there is a combination of

the diameter of the objective\lens of the photometer|

Replace the mirxror with a reflectance standard per 3|

Since airborne
specular and
ned to measure the
both diffuse and
Fluence the

Tight source Ly
dures defined in
that 6p = 30 +

led E is oriented
hated area

er than three times

ity (R) for the

f source E in the
pecified) as

of the source E.

2.1.2.11 and adjust
covered cockpit)
rdance with 5.1.4.1
.

1 measure the value

ing the display in

The combined diffuse and specular contrast C(g,q) can then be
calculated by inserting the values of Lp(s«d) and Li¢seq) into

Formula 6.2.6-1.
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6.2.6.6 Contrast, Integrating Sphere Method (U) (P): This alternate method of
contrast measurement employs an integrating sphere as a diffuse 1ight

source. The sphere diameter is 2 to 3 times the diagonal dimension of the
subject display. The sphere is equipped with a rectangular aperture that
approximates the rectangular size of the display face and serves to
i1luminate the CRT faceplate from wide angles such that the nominal
interior luminance of the sphere produces a nearly equal level of diffuse
i1luminance at the CRT faceplate.

6.2.6.6.1 Apparatus: The requ1rements are for the sphere source to be arranged
such that there 1s an ex1t port to 111um1nate the CRT a photometer
viewing—po ; 5 B - rg—port at an angle
of (30 deg? to the left or right of normal, Fig. 23. A 1ight source
11Tumipating the sphere shall be situated such that it does| not directly
illumipate the CRT, or the sphere wall opposite the 30 deg yiewing
port. [ The source should simulate the correlated color tempgrature of
sunlight between 5000 and 7000 K.

Further requirements are placed on the photometer objective| lens such
that fllare is to be less than 0.1% of the luminous values bging
measurpd. This is done by restricting the.view of the interior sphere
wall by the objective Tens and by using-baffles within the Jlens tube.

6.2.6.6.1.1 A sufitable method for measuring optical flare for a photometer lens in
an iptegrating sphere requires athlack target within a 1ight trap to
perfprm the function of the black spot described in the flare
measpurement procedure of 6.2%6.3.6.

xample of a light trap which excludes direct entry of| 1ight from
the sphere wall would consist of an 0.5 in ID tube 2.5 in|long with
black felt covering«the interior surface of the tube at ope end. The
open| end of the light trap provides about a 10 deg aperture when
placpd at the exit port of the integrating sphere.

The measuring<area of the photometer, when focused upon the black
targpt, must’'be smaller than the inside diameter of the 1jght trap.

A Tupinance reading (L min) is then taken while the sphere is

illu } by a
lambertion diffuser (per 3.2.1.2.11) and a luminance reading is taken
(L max). The optical flare of the photometer is then calculated
according to Formula 6.2.6-3.

6.2.6.6.2 Procedure, Diffuse Ambient: Procedures for contrast measurements under
diffuse ambient conditions should use Formula 6.2.6-1 for monochrome
white or 3-color white. Test conditions are:

Condition 1: View normal to CRT
Condition 2: View at 30 + 2 deg from the normal to the CRT.

=
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FIGURE 23 - Typical Integrating Sphere High Intensity Dif‘fuse Light Source
for Display Contrast Measurements
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6.2.6.6.2.1 Test Condition 1 (View normal to CRT face): Test condition 1 has no
included 1ight source at the specular reflection angie (0 deg) since
there should be no Tight reflected from the photometer 1lens.
Therefore, only diffuse contrast can be measured.

Test Condition 2 (View 30 deg from normal to CRT face): Test
condition 2 has both the diffuse illumination from condition 1 as well
as diffuse light from the sphere interior surface at the specular
angle opposite the photometer viewing angle of 30 degrees. Therefore,
the contrast measurement will be a combination of both diffuse and
specular conditions.

6.2.6.6.2.2

6.3 Color:

6.3.1 Scope:
radiometr

specify cq

stimula
lTight e
sensors
observey
view of
the sped
observal

Psychophysical color is specified by the tristimulus values g

pover ((

A color|
composit

Tristimy
primary
with the

This procedure will be limited to color measurement by

plor will be in the 1976 CIE UCS system of umits (u',

¢ and colorimetric equipment. The notation (metric)

ed by and corresponding to the quantitative aspects ¢
ergy as sensed through the shaped response of the eye
of vision. It is that aspectvof visual perception by
may distinguish differences“between two structure-fy
the same size and shape, such as may be caused by dif
Fral composition of the vradiant energy concerned in {
ion.

stimulus is. radiant power of given magnitude and speg

lus values of a color stimulus are the amounts of the

olor stimulus)-entering the eye.
ion, entering the eye and producing a sensation of cg

color” stimuli required to give, by additive mixture,
color stimulus considered.

means of
used to
v'),

variously
f visible

s as the
which an

ee fields of
ferences in
he

f the radiant

tral
lor.

three
a color match

Primary color stimuli (for example, X, y, or z) are color stimuli by whose
additive mixture (linear combination with positive coefficients) all color
stimuli may be completely matched in color.

Chromaticity is the color quality of a color stimulus definable by its
chromaticity coordinates.

Chromaticity coordinates are a ratio of each of a set of three tristimulus
values to their sum. They are, usually, given in ordered pairs (x,y).

Psychometric chromaticities are a color quality of a color stimulus
definable by its coordinates in a uniform-chromaticity-scale (UCS) diagram.
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6.3.2.1

6.3.2.2

(Continued):

Uniform-chromaticity-scale diagram (UCS Diagram) is a chromaticity diagram

in which the coordinate scales are chosen with the intention of making
equal intervals represent as nearly as possible equal steps of
discrimination for colors of the same Tuminance at all parts of the
diagram.

A chromaticity diagram is a diagram in which distances along suitable axes
represent chromaticity coordinates.

The Commission Internationale de 1'Eclairage (or CIE) i

0o HO X S+ O)D =

=S ~het —h = —h

nE ~HhT -

ackground:

5tablish agreeable standards for industry such as the
plorimetric Observer (or standard observer). The 'star
ne basis for most trichromatic systems and has not cha
nen it was adopted. The standard observer was)expandg
F view larger than 4 degrees. Currently available sta
br 2 deg (1931) and 10 deg (1964) fields ©Of view.

Most colors can be matched*<by an additive
xed primary stimuli. These stimulki’correspond to red
N psychophysical terms.
pr differences in color quality-and these proportional
ne tristimulus values of that color. The tristimulus
pundation for color quality.or chromaticity computatig

plated to the magnitude of the stimulus and expressed

s the principal
Jurpose is to
Standard

dard observer is
inged since 1931

d in 1964 to fields
indard observers are

mixture of three
, blue, and green

The proportions of these primary stimuli account

amounts are called
values are the

. The Y value is

in units of cd/ml.

ristimulus values, X, ¥ and Z, of a stimulus are compyted by taking the
roduct of the spectral power of the stimulus, S(A), the color matching
inction x(A), y(\)or z(A), and the wavelength intervdl (/AN) at
nich the data iswrecorded, and summing the product ovdr the visual
pectral range.
760 —
X= I SQx(N)- A A (6.3.2-1)
380
760 _
=750 yE0—A% (6.3.2-2)
380
760 _
Z= ¢ SO)z(M)- AN (6.3.2-3)
380

Radiant energy is the fundamental metric which is measured in the

determination of coior.

KWhen it is combined mathematically with the color

matching functions, as in the case of a radiometer or optically with a
simulated standard observer response as in the case of a colorimeter, the
result will be the tristimulus values of the color samples.
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6.3.2.2 (Continued):

Color quality or chromaticity is computed from tristimulus values by the

following formulas:

ul

vl

4x

=X + 15Y + 3Z

9Y

=X + 15Y + 3Z

(6.3.2-4)

(6.3.2-5)

NOTE: én_ihe_ClE_sysiem_x_and_y_are_chnomaticiiy_coordinates in the CIE
1931 system; u and v are chromaticity coordinates in the rargely used CIE

1960 system and u' and v' are chromaticity coordinates in‘th

system.[ (Reference 4.1.2.3)

1976 CIE UCS

6.3.3 Units:. The units of measure for color quality used jn“this prpcedure are
the 1976 CIE UCS u' and v'. The values of u' and y'-are derived from the

tristimulps values by a weighted transformation.
an attempt at approximating a uniform color space.

The 1976 CIE|UCS system is
A uniform golor space is

a colorimptric system where just-perceived color differences have the same

magnitude| no matter what color is being evaluated.

(Reference|4.1.8.3)

To converft to and from other unit systems;, use the following transformations:

To 1931, k, y from 1976 u', v'

=B S 16vt o+ 12 (6.3.3-1
qv'
Y= 6u' - 16v' + 12 (6.3.3-2)
To 1976 uf, v' from1931 x, y
. 4x
V'~ X r 12y + 3 (6.3.3-3)
: 9y
VS ok s 12y 13 (6.3.3-4)
To 1976 u', v' from 1964 u, v
u' = u (6.3.3-5)
vy (6.3.3-6)
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6.3.4 Apparatus:

6.3.4.1

6.3.4.1.1

| ———

‘matching functions over the visible range. The photoelectric colorimeter

by combining absorption filters and the photodetector responses to

Equipment: Two basic measurement systems may be-used to determine the
tristimulus values of a source stimulus; a spectroradiometer or a
colorimeter. MWith the radiometer the distribution of the source emission
is measured at predetermined wavelength intervals and then the tristimulus
values are computed by integrating the power distribution with the color

(or colorimeter) measures the tristimulus values directly. It does this

simulate the standard observer response.

The spectroradiometer is the equipment best suited for) use in Class 1
tgsting and is the preferred equipment for Class 2 .testjing as well. The
cqlorimeter -may be used in Class 2 tests if it is regulprly calibrated for
the type of light source being measured.

Class 3 testing may be done with a colorimeter when relptive measures of
chromaticity change are made. The equipment calibration for these tests
cdn be made to a standard incandescent Tamp since the apsolute

chromaticity is not desired.

The use of visual colorimeters and-¥isual spectrophotometers are not
rqcommended due to the inaccuracy of such devices with frespect to color
CRT displays. ‘

Off the two methods discusséd, the spectroradiometric system will provide
tHe most accurate results. Similarly, a four filter colorimeter is more
aqcurate than a three-filter system for noncalibration colors.

Spectroradiometer:  The spectroradiometer is the most| fundamental
instrument in(color measurement. It does not measure| color directly;
rather, it measures the spectral power distribution of the stimulus at
predetermined wavelength intervals and computes the tristimulus values
by using‘equations 6.3.3-1, 6.3.3-2, and 6.3.3-3.

device, a monochromator, and a light-sensitive detectpr. The incoming
radiant energy is gathered and directed to the entrance slit of the
monochromator by a collection device which may be an integrating sphere,
optics (lens system), or just the entrance slit itself. The
monochromator disperses or spreads out the light spectrum by a
diffraction grating. Along with the dispersion device are the entrance
and exit slits which are there to define the bandwidth of the
monochromator. The radiant energy detector is usually a photomultiplier
tube, a photocell, or a detector array. <(See 3.2.1.2 through 3.2.1.2.10
for equipment requirements.)

A basic spectroradiometer system is composed of an enErgy coliection
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