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INTRODUCTION

This SAE Aerospace Recommended Practice (ARP) is intended as a guide toward standard practice.
Pending such standardization, its use in the present format as a basis for legal regulation is not

recommended.
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1. SCOPE:

This ARP describes methods for measuring the visual performance of direct view cathode ray tube
displays used in aircraft flight decks and cockpits. Procedures may vary depending upon the type of
display (for example, monochrome, color shadowmask, beam index, etc.), but all types are
considered.

1.1 Purpose:

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

1.2 Field of Application:

This ARP defines three classes of tests. Each class of test is applicable to the different phases of a
product’s life: for example, engineering development (Class 1), production/quality assurance
{Class 2), and field service or flight readiness (Class 3). The test requirements for each of these
phases differ and hence the test procedures for each test class may differ. Each procedure in this
ARP is Class 1 unless otherwise stated.

1.2.1 Classes of Tests: Class 1, Laboratory Tests - Tests in this class are most appropriate in an
engineering laboratory environment or as part of a certification program. The test in this class are
the most rigorous and are performed by highly skilled personnel. The objective of tests in this class
is to verify the design and, hence virtually every parameter is measured as accurately as possible.
Set-up time, test time and test equipment cost are of less concern than in the other classes of tests
because the Class 1 tests are not expected to be performed often.

The procedures described are designed to employ basic laboratory instruments. However, these
procedures do not exclude the use of task-specific instruments that are designed to performthe
same measurements.

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

Class 3, Maintenance/Flightline Readiness - Tests in this class are most appropriate for field
service and flight line functions. The objective of tests in this class is to verify that the display has
hot 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.
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1.2.2 Categories of Tests: The test procedures of this ARP are divided in to three categories:
Geometric:  Linear measurements
Luminance: Visible light intensity measurements
Color; Spectral measurements of visible light

1.2.3 Procedure Constraints: The test procedures in this ARP are designed to be performed under the
following constraints:

1. Only visible presentations on the display can be measured.

2. No internal electrical measurements of the display can be made by external electronic test
equipment (except through interface connectors provided for that purpose).

1.3 Measurement Equipment:
1.3.1 Equipment Type, Accuracy and Calibration:
1.3.1.1  Photometric Equipment: All photometric equipment shall meet the following requirements:

1.3.1.1.1  Photometer Calibration: The photometer shall be calibrated using methods that are traceable
to NBS standards.

1.3.1.1.2 Photometer Sensitivity: The full-scale sensitivity shall be 1.0 fL or less with a measuring
aperture size no greater than 75% of the sample to be measured.

1.3.1.1.3 Photometer Accuracy: The measured luminance of an NBS traceable luminance standard
shall be within £2% of the standard’s certified luminance.

1.3.1.1.4 Photometer Sensitivity and Accuracy Verification: The full-scale sensitivity and accuracy of the
photometer shall be verified using an NBS traceable standard of luminance 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.

1.3.1.1.5 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).
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1.3.1.1.6 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.

1.3.1.1.7 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.

1.3.1.1.7.1 Viewing System Verification: A black card, with a hole in the center, shall be placed in front of
a light source in such a manner that the smallest aperture of the photometer optics covers the
hole when viewed through the viewing system. The card shall be moved back and forth in
one axis orthogonal to the axis of the photometer until a peak reading is obtained. The
distance (A) the card was moved from its original position 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 and orthogonal to the axis of the
photometer until a peak reading is obtained. The distance (B) the card was moved shall be
recorded. The viewing system of the photometer shall be considered to be aligned accurately
if both A and B are less than or equal to 5% of the dimensions of the area being covered by
the measuring aperture.

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

1.3.1.1.8.1 Polarization Error Verification: The polarization error shall be checked by placing a linear
polarizer in the optical path between a standard lamp and the photometer and then
measuring the luminance. The polarizer shall be rotated 45 degrees and another
measurement shall be made. The polarizer shall be rotated another 45 degrees and a third
measurement shall be made. The photometer shall be considered as having passed the
polarization error test if the difference between the three readings is lower than or equal to
1.0%. Throughout the test, the alignment of the standard lamp with respect to the polarizer
shall not be changed.

1.3.1.1.2 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.
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1.3.1.1.10 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 establishing the colorimetric
corrections resulting from the deviation between the source’s known coordinates and the
results of the photometer’'s measurements. These factors are applicable only to samples of
similar spectral distribution to the source of known CIE 1931 x, y or 1976 u” v’ coordinates.
(See 4.3.3 for transformations between CIE 1931 and 1976 coordinates.)

As applied to electronic displays such as CRTs, this means that a colorimeter correction factor
must be determined for each type of CRT with a given phosphor set and optical filter and that
correction factor is not applicable to any other CRT type.

1.3.1.2 Spectroradiometer: If a spectroradiometer is to be used for any procedure in this document, it
shall meet the following requirements:

1.3.1.2.1 Spectral Response: The spectroradiometer shall have sufficient sensitivity to permit
measurement 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
values listed below are for spectral bandwidths of 5 nm and a signal to root-mean-square noise
ratio of 100:1 (for proper colorimetric measurements). The spectroradiometer meets the
sensitivity requirements when the values listed below can be measured using an optical
configuration that provides measurement intervals equal to, or less than, the bandwidth.

TABLE 1
Wavelength (in hm) Radiance Level (in Wiem? * sr * nm)
380 to 600 10x 108
600 to 760 17x10°

1.3.1.2.2 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 listed in this document or the capability of
the user to establish these calibration factors shall be documented.
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1.3.1.2.3 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. \Wavelength repeatability shall be
within £0.5 nm.

1.3.1.2.3.1 Wavelength Accuracy and Repeatability Verification: Verification of wavelength accuracy
shall be performed by using a source of known emission lines that has at least one line
between 400 to 475 nm (blue), one between 3500 to 600 nm (green) and one between
650 to 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 line. The average deviation between the true and
calculated centroid for each emission line may be no greater than 1.0 nm. This technique is
recommended as it takes into account any wavelength correction inherent in the system’s
software. The system shall be considered to have passed the repeatability test if, for each
scan made, the measured peaks are within 0.5 nm of each other.

Although not recommended, the test may also be performed by a manual scanning technique
that provides the same accuracy and bandwidth as specified. The monochromator shall be
positioned to obtain the peak reading 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 twice for each known emission line. The average deviation between the true and
measured emission lines shall be no greater than 1.0 nm. The system shall be considered to
have passed the repeatability test if, for each line tested, the measured peaks are within

0.5 nm of each other.

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

1.3.1.2.5 Zero Drift: During any given spectroradiometric scan, the maximum zero drift shall be less
than 0.2% of the full scale reading on the most sensitive range, after the appropriate warm up
period. A capability shall be provided to allow zero drift to be checked before any given
spectroradiometric scan.

1.3.1.2.6 Linearity: Within any given measurement scale, the linearity shall be £1% of the full scale
value. The linearity between any two measurement scales shall be £2%.

Documents

Full document details: SAE ARP1782B


http://avadocuments2026.com/doc/sae-arp1782b
http://avadocuments2026.com/doc/sae-arp1782b

SAE ARP1782B Page 9 of 88

1.3.1.2.6.1 Linearity Verification: The linearity of the spectroradiometer shall be verified within six
months prior to making a measurement. 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. The inverse square
law may be used when a precision photometric bench is utilized. Dimmming of the lamp
through electronic means is unacceptable. The light source shall be adjusted so that a full
scale reading is obtained on the spectroradiometer’s most sensitive range. The source shall
then be increased in 5 x increments relative to the initial setting until the applicable dynamic
range of the spectroradiometer has been covered. The output of the spectroradiometer shall
not deviate from the output of the source by more than £1% on any scale or by greater than
12% between measurement scales.

1.3.1.2.7 Stray Light: The stray light characteristics of the spectroradiometer shall not adversely affect
the accuracy of the spectroradiometer. In general, the measured stray light using the technique
described below shall not exceed 0.01%.

1.3.1.2.7.1 Stray Light Verification: Stray light accuracy shall be verified within a six month period prior
to taking a measurement. This can be accomplished by measuring the relative intensity of a
known tungsten light source at a selected low wavelength. Then when an optical filter, with a
sharp cut-off above that wavelength is placed in the light path and the measurement
repeated, the relative energy should be some small percentage of the initial measured value.
If that value is excessive, the false reading is an indication of stray light impinging on the low
wavelength sensor of the instrument.

Stray light accuracy can be verified by using a 2.5 mm thick piece of Schott GG 475 filter {(or
equivalent) and a tungsten source operating at 2856 Kelvins. The measurement shall be
made at 400 nm. Position the spectroradiometer to 400 nm. Measure the source and record
the relative intensity. Without disturbing the position of the source or spectroradiometer, place
the filter in the light path. Record the relative intensity. Use the following formula to determine
stray light:

R
L (%) = H_f * 100 (Eq. 1)
5

Where:
Ls = Percent stray light
R = Reading of source

R; = Reading of filter

The spectroradiometer meets the stray light requirement if the value for Ly is less than or
equal to 0.01%.
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1.3.1.2.8 Spectroradiometer Optics: See 1.3.1.1.6.
1.3.1.2.9 Spectroradiometer Viewing System: See 1.3.1.1.7.
1.3.1.2.9.1 Spectroradiometer Viewing System Verification: See 1.3.1.1.7.1.

1.3.1.2.10 Spectroradiometer Accuracy. The spectroradiometer shall be capable of 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. Vwhen 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.

1.3.1.2.11 Diffuse Reflectance Standard: The diffuse reflectance standard is required for certain
measurement procedures. It shall have a lambertian reflecting surface with reflectivity greater
than 97.5% from 380 to 760 nm. The reflecting surface is recommended to be at least
2 x 2 inches. Such standards are made of barium sulfate or Halon, a fluorocarbon plastic. The
quality of the white surface must be carefully inspected for cleanliness and homogeneity just
prior to use.

1.3.1.2.11.1 Reflectance Standard Verification: The reflectance standard shall be calibrated within a six
month petriod prior to use. The standard shall be calibrated using techniques traceable to the
NBS.

1.3.2 Units of Measurement:

1.3.2.1 Linear Measurement Units: The units of linear measurement used in this procedure are as
follows:

millimeter  (mm)

nanometer (nm)

inch (in)

Mil (that is, thousandths of an inch)

These units are related by the following equations:

254 mm=1in
1 nm=1x 102 meters
39.37 mils =1 mm

1.3.2.2 Luminance Units: Luminance is the metric of measurement of light radiating or reflecting froma
surface such as the face of an electronic display (see 4.2.1.1). The units of luminance used in
this procedure are the foot-lambert (fL) and the nit or candela per square meter (cd/mz). To
convert between these units, use the following equations:
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fL = 0.2919 % (nits or cd/m®) (Eq. 2)
(cd/m?) = 3.426 x fL (Eq. 3)

1.3.23

llluminance Units: llluminance is the metric of measurement of light from a source such as the
sun, that impinges upon a surface such as the face of an electronic display. The units of
illuminance are the footcandle, lux, or lumen/square meter. To convert between the unit systems,
use the following equations:

1(fe) = 10.76 (lux or Im/m?) (Eq. 4)

1(lux or Imvm®) = 0.0929(fc) (Eq. 5)

1.4 Monochrome/Multicolor Displays:

Monochrome CRT displays have phosphor screens that are uniform over fairly large areas.
Multicolor CRT displays usually have a structured phosphor screen to achieve multicolor
performance. Test procedures for monochrome displays often are not applicable to displays with
structured phosphor screens. Hence, the applicability of each test procedure will be identified as
follows:

{u) - Uniform screen (that is, monochrome, penetron, etc.)
(P) - Patterned screen (that is, shadowmask, beam index, etc.)

2. REFERENCES:

2.1 Applicable Documents:

The following documents relate to the overall subject of CRT displays. Information for ordering
documents is shown in Appendix C.

2.1.1

ASTM Documents: E-308, Measurement of Color

2.1.2 CIE Documents;

21.21

21.2.2

2123

21.2.4

21.2.5

21.26

Pub 31; CIE Standard Color Metric llluminance

Pub S2; CIE Standard Colorimetric Observers

Pub 15.2; Colorimetry, 2nd Edition

Pub 17; International Lighting Vocabulary, 4th Edition
Pub 18.2; The Basis of Physical Photometry

Pub 53; Methods of Characterizing the Performance of Radiometers and Photometers
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2.1.2.7 Pub 63; The Spectroradiometric Measurement of Light Sources

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

2.1.2.9 Pub 69; Methods of Characterizing llluminance Meters and Luminance Meters

2.1.2.10 Pub S001; CIE Standard llluminants

2.1.3 EIA Documents;

EIA Pub. #31-A and 31 (Color)

JEDEC 16C, 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 Luminance Distribution

TEPAC PUB #1035, Industrial Cathode Ray Tube Test Methods

TEPAC PUB 105-7A-83, Method of Measurement of Line Width by the Slit-Scan Method for
Monochrome Picture Tubes

TEPAC PUB 116B, Optical Characteristics of Cathode Ray Tubes

2.1.4 Military Documents:

MIL-STD-1787A
MIL-STD-1311B

MIL-P-7788E
MIL-L-85762A
AFGS-87213A

215 SAE Documents:
ARP1874
ARP4067
AS8034

2.1.6 SID Documents:

Aircraft Display Symbology

Test Methods for Electron Tubes

Method 5221 - Screen Intensity and Persistence

Method 5226 - Line-Width

Method 5231 - Spot Position

Method 5248 - Deflection Factor

Panels, Information, Integrally llluminated

Lighting, Aircraft, Interior, Night Vision Imaging System (NVIS) Compatible
Displays, Airborne, Electronically/Optically Generated

Design Objectives for Electronic Displays for Transport Aircraft
Design Objectives for Electronic Displays for Part 23 Aircraft
Minimum Performance Standard for Airborne Multipurpose Electronic Displays

Vol. 24/4 1983 Glossary of Cathode Ray Tube Terms and Definitions

Full document details: SAE ARP1782B
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2.1.7 NADC/NATC Documents: Naval Air Development Center Report 86011-80, (ASD-A168563, The

Development and Evaluation of Color Systems for Airborne Applications: 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.

2.1.8 Technical Reference Books and Publications:

2.1.8.1

2.1.82

2183

2.1.84

2185

2.1.86

21.8.7

Grum, F. and Bartleson, C. J., Optical Radiation Measurements, Vol. 2, New York, Academic
Press, 1980

Stimson, A., Photometry and Radiometry for Engineers, New York, John Wiley and Sons, 1974
Wyszecki, G. and Stiles, W., Color Science, 2nd Ed., New York, John Wiley and Sons, 1982

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

Silverstein, L. D.; Lepkowski, J. S.; Carter, R. C. and Carter, E. C., Modeling of Display Color
Parameters and Algorithmic Color Selection, Proceedings of the International Society for Optical
Engineering, Vol. 624, 1986.

Carter, R. C. and Carter, E. C.: High-Contrast Sets of Colors, Applied Optics Vol. 21, No. 18,
pp 2936 15 August, 1982.

American National Standard for Human Factors Engineering of Visual Display Terminal Work
Stations: Revised Draft, July 1986.

3. GENERAL REQUIREMENTS:

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

3.1 Laboratory Standard Measurement Conditions:

The following conditions shall be used when measuring direct-view CRTs.

3.1.1

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

3.1.2 Humidity: Measurements shall be conducted within a relative humidity range of 10 to 40%.

3.1.3 Power: Where luminance and color output stability varies, the input power shall be controlled to

0.1% within the range of 105 to 115 VAC.
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3.1.4 Ambient Light: Measurement procedures in this ARP shall be conducted under dark conditions
unless otherwise specified, such that the ambient light at the face of the display is 10 lum/m?
(1 ft C) or less or a maximum of 1% of the luminance value being measured whichever is less. For
night vision goggle compatibility testing, refer to MIL-L-85762A.. For daylight simulation, a light
source with a correlated color temperature between 5000 and 7000 K shall be used as described in
4.2.6.5. The measurement for ambient light shall be performed per 3.1.4.1.

3.1.4.1 Ambient Light Measurement Procedure: This procedure is for measuring the ambient light falling
upon a display face.

3.1.4.1.1 Set up the display and photometer such that the photometer is normal to the display as in
Figure 20 except that there is no diffuse source illuminating the display.

3.1.4.1.2 Place a reflectance standard per 1.3.1.2.11 flush against the area of interest on the display
face.

3.1.4.1.3 Align and focus the photometer per the manufacturer’s instructions. The measuring aperture
for this measurement shall be the same aperture to be used for subsequent display
measurements. In no case shall the measuring aperture cover more than 75% of the reflecting
surface.

3.1.4.1.4 Measure the reflectance standard for luminance according to the manufacturers’ instructions.
The result of this measurement is the ambient light falling on the display in LUMINANCE units
(fL or cd/m?). To convert to illuminance units, use the following formulae:

footcandles = w (Eq. 86)
2 4
LUX = cd/m PFI{(3.1416) (Eq.7)

where: R = Absolute reflectance of standard. This value is nominally set to 1.00 for highly
efficient reflectors.

3.1.5 Dither Circuit: For all spatial measurements on the face of the CRT display (that is, line width,
cohvergence, geometric distortion, symbol size, etc) the dithering circuits of the display must be
disabled.

4. ELECTRONIC DISPLAY TEST PROCEDURES:

41 Geometric:

41.1 Line Width, Class 1:
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4.1.1.1 Scope: Line width is one of the fundamental parameters that describe the quality of a CRT
display. The procedure for measuring line width varies according to the type of CRT; unstructured
(a single beam monochrome CRT); patterned (a multicolor-multi-beam CRT with a patterned
phosphor dot configuration or a multicolor (single) beam index CRT with patterned phosphor
stripe configuration).

4.1.1.2 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 Figure 1. The luminance 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 persistent 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 4.1.2.2 on an alternate method using the width at the centroid of the profile.)

y PEAK DOT LUMINANCE

g [——=

<

pd

= ROFILE OF A LINE

5 BZING MEASURZD.
1/2 PEAK
AMPLITUDE

X-AXIS BEAM DEFL=CTION

FIGURE 1 - Line Width (LW) at Half Peak Amplitude of a CRT Primary Beam
(Scale Factor Per Figure 4A Taken Into Account)

4.1.1.3 Explanation and Discussion: Line width is determined by recording a luminance profile that is
perpendicular to the axis of a line on the display face that is free of dither and jitter.

Line width is typically a function of display luminance with maximum width occurring at maximum
luminance. Widths at 50% and minimum luminance may also be required. On a shadowmask
CRT, line widths less than 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.
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41.1.3 (Continued):

The laboratory procedures presented in this ART 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/line width measurement instruments are
available but are not addressed by the procedures in this document.

4.1.1.4 Units: The unit of line width is millimeters (mm) or thousands of an inch (mils).
4.1.1.5 Line Width Procedure for Single Beam or Beam-Index CRT:

4.1.1.5.1 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. Three test methods are
presented: moving beam method, scanning slit method and diode array method. Each method
measures the luminance profile of the line produced on the phosphor face plate by the electron
beam. From this profile, the line width can be determined as discussed in 4.1.1.2 and 4.1.1.3.

4.1.1.5.2 Apparatus: A photometer consisting of suitable optics, aperture, detector(s) and the necessary
control equipment for the system as well as an x-y recorder to display the line profile or a
computerized data acquisition system must be provided.

Deflection video generators that provide linear sweeps are required to generate the scan lines
to be measured. They should be capable of producing a single horizontal or vertical line at the
velocity and repetition rates or measurement locations as specified in this ARP.

4.1.1.5.3 Precision and Accuracy: The effective width of the photometric aperture of a linear scan
measurement system shall be a maximum of one tenth (10%), and preferably one twentieth
(5%, of the width of the projected scan line image in the aperture plane measured at the 50%
of the peak intensity.

The linearity of the photometer shall be as defined in 1.3.1.2.6 over the full range of light
intensities to be measured. Care must be taken to prevent the detector system from saturating
with high light levels, fast phosphors and small spot sizes. To test for saturation, place several
decades of neutral density (ND) filters of known transmission, or other means of precise optical
attenuation, in the light path and observe the reading. Remove the attenuators one at a time
and verify that the reading varies accordingly (within a few percent) of the calculated values.
Non-linearity occurs when the reading fails to follow the change in attenuation.

Ambient light levels, as measured per 3.1.4.1 on the display face with a diffuse reflectance
standard per 1.3.1.2.11.1 shall be less than 1% of the peak intensity (if the 1% line width is
desired then the ambient light must be less than 0.1%).

Analog to digital conversion shall have a precision of at least three digits.
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41.1.53 (Continued):

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
linear array elements).

Luminance calibration of the photometer is not required for line width measurements. But if
absolute luminance 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 line 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 photometric focus is to maximize the detector sighal when the image of the
maximum intensity portion of the scan line is centered within the aperture.

41.1.5.4 Test Setup: The display is to be operated at the contrast and luminance settings specified
(usually at maximum luminance).

The test setup should be made free from mechanical vibrations which can result in "noisy"
data. Vibrations can be minimized by using a common platform for the CRT and the
photometer, preferably shock mounted on a vibration isolation table mounted on concrete
flooring. To test for vibration, focus the photometer on a black-to-white transition and observe
the output of the photometer which should be stable.

The photometer is adjusted so that the image of the scan line is focused on the plane
containing the slit aperture, with the slit oriented parallel with the line to be scanned and
perpendicular to the direction of scan. It is recommended that the characteristic dimension of
the aperture be a maximum of one tenth (10%) of the width of the projected scan line image in
the aperture plane measured at maximum intensity. The optical system should be such that all
the light passing through the aperture is collected by the detector.

The diffraction limit of the lens must not be exceeded when using small apertures in the
objective lens. It is important that the optical aberrations in the lens of the photometer do not
appreciably affect the image.

Line profile measurements are generally performed at the center and four corners of the
display face, Figure 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 (L1 and L, are the Dimensions of the Display)
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41155 Test Procedures:

4.1.1.5.5.1 Moving Beam Method: The line profile is measured by slowly moving the image of a single
scan line 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 mm or in). The resulting luminance profile plot of the line should have the form of
Figure 1. Line width can then be calculated. Additional measurements at other positions on
the screen can be made as defined in 4.1.1.5.6.

4.1.1.5.5.2 Scanning Slit Method: An alternate method is to use a scanning slit photometer, wherein the
line is held stationary and the microscope image is precisely moved or scanned
perpendicularly to the line.

The photometer is carefully aligned and focused to the stationary CRT line to be scanned.
Optimal (or photometric) focus is accomplished when a minimum width is obtained or
maximum signal is observed when the slit is parked at the center (brightest part) of the line.
The data is automatically taken and reduced, usually through software control.

Calibration of the distance can be accomplished by scanning 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 instruments the
maghnification is independent of the distance scanned so these factors are factory
pre-programmed.

The luminance profile, like that of Figure 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 equipment employed. Additional measurements at other locations can then be made
as defined in 4.1.1.5.6.

4.1.1.5.5.3 Diode Array Photometer Method:. The line profile may be measured using a photodiode
array scanning photometer. In this instrument, similar to the Scanning Slit 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 line and the photometer focused carefully to obtain accurate line
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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4.1.1553 (Continued):

Calibration of the instrument is uniquely determined by the photodiode array spacing and the
maghnification 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.

41.15.6 Data: Itis recommended that a minimum set of data consist of horizontal and vetrtical line
widths at 50% of the peak intensity for the center of the screen and all four corners measured
at the central 80% points of the usable area of the display as illustrated by Figure 2.

4.1.1.6 Primary Color Line Width, Patterned Multi-Beam CRTs: Class 1

4.1.1.6.1 Scope: The purpose of this test is to measure the line width of a line of a primary color on the
face of a patterned screen (shadowmask, multi-beam) CRT.

This test method measures the horizontal and vertical profiles of the line produced by the
primary color beams. From these profiles, the line widths of each of the primary color beams

cah be determined.

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

41.1.6.2 Apparatus:

Photometer

X-y Plotter

Mircoscopic Graticule

Measuring Scale

Full document details: SAE ARP1782B

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

Calibrated to record a spatial deflection in the x axis and luminance
profile as the y axis.

Calibrated in hundredths of a millimeter or 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.

With minor divisions of 0.1 mm or 0.01 in: for measuring plotted linear
dimension to be used for calculating line width and misconvergence.
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4.1.1.6.3 Precision and Accuracy: To insure adequate precision to measure line width within an
accuracy of 3 to 5%, the following precautions must be taken:

The photometer linearity should comply with 1.3.1.2.6 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 levels, fast phosphors and small spot sizes. Refer to 1.3.1.1.9 for photodetector
saturation test procedure.

Ambient light levels, as measured, per 3.1.4.1 on the plane of the display face with a diffuse
reflectance standard per 1.3.1.2.11 shall be less than 1% of the peak intensity of the display:
(if the 1% line width is desired, then the ambient light must be less than 0.1%).

Analog to digital conversion shall be to at least three digit precision.

It is recommended that the photometer have a round or square aperture whose projected
image is at least one half and less than 75% of the phosphor element size. Luminance
calibration is not required for line width measurements.

41.1.6.4 Test Setup: Fora Class 1 test (laboratory), the equipment is to be set up as shown in Figure 3.
The following requirements must be satisfied:

* The display is to be operated at specified luminance.

* The stroke driven CRT display must have a software or bulilt-in-test capability that will
produce the necessary vector translation (line movement vertically and horizontally). A
vector translation rate of 0.2 mmv/'s is recommended. |n addition, x and y deflection signal
output is required to drive the x-y plotter.

» The CRT display must not have any dither (a deliberate movement of video image
intended to prevent phosphor degradation). If this is present, the circuit which causes the
dither must be disabled.

* The photometer must have an aperture that will cover 30 to 75% of a single phosphor dot
area. The plotter 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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4.1.1.6.5 Procedure: After setting up the equipment as shown in Figure 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 Figure 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 line width (based on visual examination with a microscope).

41.1.6.51 Determination of Scale Factor:;

Step 1:

Step 2:

Step 3:

Step 4:

Step 5:

Adjust the display so that a vertical line may be moved along the horizontal axis or a
horizontal line 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 line width.)

Select any one of the three primary phosphor dots at any one of the points defined
in Figure 2 and focus the photometer to measure the luminance of the dot as in
Figure 3.

Turn off ambient light. Adjust the luminance and contrast settings of the display to
meet the specified contrast and luminance requirements.

Scan the vertical (or horizontal) line so that it moves through the phosphor dot being
measured. Record luminance as a function of displacement. Luminance profile will
be plotted as shown in Figure 4A.

Select an adjacent dot of the same color in the direction of the scan as shown in
Figure 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 lines (see Figure 4A) and
divide this distance into the actual physical distance from the first phosphor dot to
the next horizontally adjacent phosphor dot of the same color to find scale factor "n".

1=L/D (Eq. 8)

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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FIGURE 4B - Phosphor Dots on Shadowmask CRT Display

FIGURE 4 - Determination of Scale Factor for Measuring Line Width
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4.1.1.6.5.2 Calculation of Line Width of a Primary Color:

Step 6: Measure the distance d; at the 50% amplitude luminance point as shown in
Figure 4A.

Step 7. Line width = d x n where "n" is obtained from Step 5 and "d," is obtained from
Step 6.

Step 8. To determine the line 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 vertical or horizontal
lines.

4.1.2 Misconvergence (P):

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

4.1.2.2 Definitions: Misconvergence - In color shadowmask CRTs, three electron beams illuminate three
primary color phosphors. ldeally, the three electron beams should be coincident at the phosphor
screen (that is, the three beams should "converge" at the phosphor screen). Misconvergence is
the degree that the midpoints of the line widths at 50% of the peak of two or three primary colors
are misregistered at the phosphor surface of the CRT.

NOTE: A more precise method of measuring line width for determining misconvergence takes
into account the non-symmetry of some phosphor curves due to their persistence decay
rates. That procedure utilizes the width of the curve through the curve centroid rather
than the width at 50% peak. The centroid procedure requires integration of the area
under the non-symmetrical phosphor luminance curve to establish the location of the
centroid, a procedure which is beyond the scope of this document.

Comment: In a color CRT display, misconvergence visually manifests itself as color fringes on
nonprimary color symbology (that is, color symbology that is a sum of several primary colors).
For example, a red color fringe may be seen on a white line. Typically the color fringe will appear
only on one side of the nonprimary color (see Figure S5A). However, misconvergence is not the
only cause of color fringes on color CRT displays. Two electron beams with different line widths
cah cause color fringes to appear on both sides of a honprimary color (see Figure SB). The
appearance of color fringes due to different line widths of the primary electron beams is called
"apparent misconvergence". Hence, two electron beams can be perfectly converged (but have
color fringes on both sides of a nonprimary 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 misconvergence.
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FIGURE 5 - Misconvergence
4.1.2.3 Units: Misconvergence is measured in units of millimeters (mm) or thousandths of an inch (mils).
4.1.2.4 Apparatus: See 4.1.1.6.2
4.1.2.5 Precision and Accuracy Requirements: See 4.1.1.6.3

4.1.2.6 Test Setup, Class 1: For a Class 1 (laboratory) test, the equipment shall be set up as described
in 4.1.1.6.4 (see Figure 3).

4.1.2.7 Misconvergence Measurement Procedure: The following misconvergence measurement
procedure (thatis 4.1.2.7.1 through 4.1.2.7.3) must be performed at each of the nine screen
locations shown in Figure 2 or as specified. The misconvergence of the display is defined as the
maximum value of the misconvergence measured at any of these nine screen locations.

4.1.2.7.1 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.
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