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APPLICATIONS SEMINAR

Flat-Panel Display
Measurements and Standards

Edward F. Kelley*
NIST, Gaithersburg, MD

Summary

Display metrology as applied to flat-panel displays (FPDs) will be discussed. Topics include
the importance of proper set-up, expected measurement uncertainty vs. repeatability, and
problems. in . making accurate light measurements. The role played by measurement
diagnosticS is considered, and the routine use of such diagnostics is encouraged. A review of
the status of International display standards will be provided.

*Electricity Division, Electronics and Electrical Engineering Laboratory, Technology
Administration, U.S. Department of Commerce. This is a contribution of the National Institute
of Standards and Technology and is not subject to copyright.
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Flat Panel Display Measurements and Standards

,-

Because of the explosive growth of the demand for electronic displays and competition
withinthe display industry, there is an increasing need for well-defined display metrology. Good

':.metrologyis needed to level the playing field, so to speak, not only within a particular display
tecluiology,but"also across technologies. For example, we want to be able to compare the
contrast of one display with the contrast of another display in a meaningful way and not wonder
howthe measurement was made. The parameters that characterize the display should not depend
upon who measures the display (to within the limits of the uncertainty of the mea'surements).
Those who incorporate displays into their equipment need to be able to specify what they want in
such a manner that there will be no argument as to whether a display meets the specifications or
not. Nobody wants surprises, and companies that do a good job of manufacturing should have
the metrological backing to prove the quality of their products. All these concerns require
unambiguous metrology. In this seminar, we discuss several aspects of display metrology. We
then provide a list of many of the associated standards activities for your further reference.

--
oJ",

Disolav Metrolol!V

Characterization of the display depends upon how the display is configured. How the
display is configured depends upon the task for which it is to be used. How well the
measurements are made depends upon how well the measurements can be made in addition to
the methods, equipment, and skills employed. Good metrology depends upon a reali~tic
expectation of the instrumentation performance, a sensitivity to diagnostics, and an
understanding of the limits of the measurement apparatus.

DisDlav Standards

Display standards can contain several categorie~pf specifications. They can specify what
to measure, how to measure, how to check or correct die measurement, and.the compliance limits
.ofacCeptabilityof a measUrementresult. Many standards concern themselves with having
disp!ays meet a ~rtain minimum of performance. These are performance or compliance
staDdards,and theyJoften must deal with ergonomic aDdpsychophysical results to set the criteria

~ of acceptance. Often standards avoid a thorough discussion of how to measure parameters and
how to ~lish a confidence in the measurement result. In the following pages we provide a
partial listing 'and contact information for display standards and related activities. '

:2:':.,,(--:"'!~'.! .,,: ' . ", -

, A final note: The Video Electronics Standards Association (VESA) has undertaken a
project to' 'compilea comprehensive document to a~dress the needs of the speci!icatiQnof quality
display metrology. The VESA Flat Panel Display Measurements Standard (FPDM) docUment
attempts to fill the gaps where other standards may have less to say. Much of the document "

specifies how to make measurements and how to diagnose the-measurements you make. All of
the material of this seminar plus a great deal more is contained within the FPDM. It contains
numerous diagnostics in the Metrology Section. The Technical Discussion Section contains
tutorial information on photometry, cOlorimetry,and other topics.
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ANSI - American National Standards Institute
http://www.ansi.orgl

ANSI HFES-IOO
Human F~ctors and Ergonomics Society (HFES)
Robert J. Beaton, Ph.D., CPE,Director, Displays.and Controls Laboratory, Human Factors

Engineering Center, 549 Whittemore Hall,.Virginia Tech, Blacksburg, VA 24.o61~0118
USA,~Phone:540-231-8748, Fax: 540-231-3322; Email: bobb@Vt.edu,Web: Office:
httl':/lbobb.dcl.vt.edu, Lab: http://www.dcl.vt.edu

,,~~:. . '.: ~;'J!'!... .~i

ANSI Projection Standards lT7.227 andlT:7-.228, -, , ,,' /

Photographic and lmaging-.ManufacturersAssociation,.Inc. (pIMA) IT-7 Committee
Leon Shapu:o,Chairman, NIDL, (609) 734~2527,-lshapiro@sarnoffcom .

.' , .:." 4'

Some other:standards that may be of interest: _, " ,
ANSI/SAB ARP 1782Photometric and Colorimetric Measurement Procedures for Airborne

DirectViewCRTDisplays ,

ANSI/SAB ARP 4102 Flight Deck Panels, Controls, and Displays (core document)
ANSI/SAB ARP 410217Electronic Displays
ANSI/SAB ARP-410218Flight Deck, Head-{)pDisplays
ANSI/SABARP 4032 Human Engin~ring'Considerations in tbe Application of Color to

Electromc Aircraft Displays .

ANSI/SAB AS 8034 (R1989) Minimum Performance Standard for Airborne Multipurpose
Electronic Displays

ANSI/SABARP 1068AFlight Deck Instrumentation, Display Criteria, and Associated Controls
for Transport Aircraft

SAB ARP 1068B Flight Deck Instrumentation, Display Criteria and Associated Controls
ANSI/SABARP 1874Design Objectives for CRT Displays for Part 25 (Transport) Air.craft
ANSI/SABARP4067DesignObjectivesfor'CRTDisplaysforPart 23 Aircraft
ANSI/SABARP 571C Flight Deck ,Controlsand Displays for Communication and Nayigation

Equipment for Transport Aircraft' ,
ANSI/SABARP 4155 Human'Interface Design Methodology for Integrated Display Symbology

Publications of interest:
ANSI/NCSL Z540-2-1997 U.S.,Guide to theExpression of Uncertainty in Measurement,

(American National Standards InstituttYNationalConference of Standards Laboratories), first
edition, October 9, 1997.

ASTM~ American Society for Testing and Materials
http://www.ansi.orgl

Publications of interest:

ASTM Standards on Color and Appearance Measurement, Fifth.edition, 1996. Sponsored by
Committee E-12 on Appearance. This is a wonderful reference to have.

E284-95a Standard Terminology of Appearance
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E1392-90 Standard Practice for Angle Resolved Optical Scatter measurements on Specular or
Diffuse Surfaces.

There are some newer versions available:
ASTM E1455-96a Obtaining Colorimetric Data nom a Visual Display Unit Using Tristimulus

Colorimeters
ASTM E1336-96 Obtaining Colorimetric Data From a Visual Display Unit by

Spectroradiometry
ASTM E1682-96 Modeling the Colorimetric Unit Properties of a Visual Display

) CIE - Commission Intemationale de l'Eclairage
(International Commission on Illumination)
http://www.cie.co.atlciel

TC2-42 Colorimetry of Displays
cm Division 2 Web: http://nml.csir.co.za/-cie2
Dr. Andrew R. Hanson, Chair, also liaison officer to mCtrc 1001PT61966

Publications of interest:
cm Publication No. 69, Methods of Characterizing Illuminance and Luminance Meters
cm Publication 17.4, International Lighting Vocabulary (1989)

CORM - Council for Optical Radiation Measurements
http://www.corm.org

EIA- Electronic Industries Association ,

Bernie Aronson, Director of Technical Programs Components Group, Email: baronson@eia.org
http://www..eia.orglengldefault.htm '

EIA JT-6 Committee on Color CRTs
Harry Swank, Chair, Thomson Consumer Electronics
1002New Holland Ave., Lancaster, PA 17601
Phone: 717-295-285'8,Fax: 717-295-6092; Email: swankh@tce.com

.-

EIA JT-31 Committee on Optical Characteristics of DisplayDevices . " ,-

George'Ehemann, Chair, ,Thomson Consumer Electronics, 1002New Holland Ave., Lancaster,
PA;17~.Ol,:Phone:;q~1~29S-6216,Fax: 711-295-6092, Email: ehemanng@tce'l~~.(Note;-.

~Standards previously:.vntbji1the purview of the inactive IT-20 committee have ~n
tI:~ferred to IT-31).- .

Here are some older CRT documents:
EIA TEPI05 Series, Industrial Cathode-Ray Tubes Test Methods (Feb., 1981)
TEP116-C Optical Characteristics of Cathode Ray Tube Screens (Feb., 1993) .
EIA TEB25 A Survey Of Data-Display CRT Resolution Measurement Techniques (June, 1985)
EIA TEP192 Glossary of Cathode-Ray Tube Terms and Definitions (Sept., 1984)
EIA TEB27 Relating Display Resolution and Addressability (Sept., 1988)
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EIA TEB 24 Effect of Pulse Shape in Raster Dot Alpha-Numeric CRT Presentation on Spot
Luminance and Luminance Distribution

EIAJ- Electronic Industries Association of Japan
www.eiaj.or.jp

Measuring Methods for Matrix Liquid Crystal Display Modules
See: www.eiaj.or~jp -

IEC-International Electrbtechnical:.Committee
http://www.iec.chl

IEcnc 100 Audio, Video and Multimedia Systems and Equipment
SC100c Audio, Video and Multimedia Subsystems and Equipment
WG6 Video imaging equipment and systems

. t

PT 61947 Electronic Projection
Leon Shapiro, Leader, NIDL, (609) 734 - 2527, lshapiro@samoff.com

PT 61966 Colour Measuremenfand Management in Multimedia Systems and Equipment
Hiroaki Ikeda, Convener/Project lead~r, Chiba Univeristy
Email: ikeda@hike.te.chiba-u.ac.jp; Web: http://w3.hike.te.chiba-u.ac.jpIIEC/100/PT61966

IEEE- Institute of Electrical and Electronics Engineers
www.ieee.org
IEEE 1140-1994IEEE Standard for the Measurement of Electric and Magnetic Fields from

Video Display Terminals (VDT) from 5 Hz to 400 kHz

ISO - International Organization for Standardization
United States Technical Advisory Group to the ISO Subcommittee for Ergonomics of Human

System Interaction, Jim Williams, Chair US TAG to ISOffCI59/SC4, Bellcore, Piscataway,
NJ, phone 732-699-5491, fax 732-336-2605, ergojim@earthlink.net

http://www.iso.chl
If it is difficult to connect to above site, try: http://133.82.181.177/ikedalISO/home.html

ISOdocumentsareorderedthroughthememberbodiesfor eachparticipatingcountry.For .

example; in the USA people would use ANSI (American National Standards Institute), 11
West 42nd Street, 13th floor, New York, N.Y. 10036, Telephone: + 1 2126424900,-
Telefax: + 1 2123980023, Internet: info@ansi.org.

ISO 13406 Part 2: "Ergonomic Requirements for the Use of Flat Panel Displays,"
ISOffC 159/SC 4/WG 2, to be published (becoming a DIS at the time of this writing).
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ISO 9241 series: Ergonomic requirements for office work with visual display terminals (VDTs).
Contact ISO: www.iso.chlinfoe/guide.htmlfor specific ordering information. Here are the
three of interest to display metrologists (TC 159 I SC 4):

ISO 9241 Part J - Visual display requirements
ISO 9241Part 7- Requirementsfor displaywithreflection
ISO.9241 Part 8 - Requirements for displayed colours.

The following may be of some interest: .

ISO 8341:1989Photography, Slide projectors and filmstrip projectors - lliumination test
ISO 9767:1990 Photography, Overhead projectors -- Methods for measuring and reporting

performance characteristics
ISO 11314: 1995 Photography, Projectors - Image size/projection distance calculations
ISO 2910:1990 Cinematography, Screen luminance for the projection of motion-picture prints in

indoor theatres and review rooms
ISO 12608:1996 Cinematography, Room and surround conditions for evaluating television

display fTomtelecine reproduction

Publication of interest:
ISO Guide to the Expression of Uncertainty in Measurement, (International Organization for

Standardization), 1995.

NIDL- National Information Display Laboratory
NIDL Publication No. 171795-036, Display Monitor Measurement Methods
Under discussion by EIA Committee IT-20.
Part l:.Monochrome CRT Monitor Performance, Draft Version 2.0, July 12,1995. NIDL

Publication No. 171795-037, Display Monitor Measurement Methods under Discussion by
EIA (Electronic Industries Association) Committee IT-20.

Part 2: Color CRT Monitor Performance, Draft Version-2.0, July 12, 1995.

SAE - Society of Automotive Engineers
400 Commonwealth Dr., Warrendale, PA 15096-0001
http://www.sae.orgIPRODSERV/STANDARD/standard.htm

. ....

ARP4260 - Photometric and; Colorimetric Measurement Procedures for Airborne Flat
Panel Displays.

SubCommitteeofthe.SAE A-20 Aircraft Lighting Committee
http://www.sae.orgIPRODSERV/STANDARD/standard.htm .'
,~!~!':j~.',' , :~< '-~!..

SMPTE - Society of Motion Picture and Television Engineers:;~~'.
59S'W~HartsdaIeAve:,WhitePlains,NY 10607-1824U.S:A, . . . '.
tel: +1914761 i 100 I fax: +1 914:761 3115, e-mail: smpte@smpte.org
Web: 'http://www.smpte.orgl .'

SMPTE Standard 170M-1994"Television- CompositeAnalogVideoSignal- NTSC for
Studio Applications"

A-417



Other SMPTE standards that maybe of interest:
SMPTE RP 12-1997 Screen Luminance for Drive-In Theaters
SMPTE RP 185-1995 Classification of Projection Depth of Focus
SMPTE RP 167-1995 Alignment ofNTSC Color Picture Momtors
SMPTE RP 145-1994 SMPTE C Color Monitor Colorimetry
SMPTE RP 166-1995 Critical Viewing Conditions for Evaluation of Color Television Pictures
SMrTE RP 27.1-1989 Specification for Operational Alignment Test Pattern for Television
SMPTE RP 38.1-1989 Specifications for Deflection Linearity Test Pattern for Television
SMPTE,.RP27.5-1989 Specifications for:Mid-Frequency.Response Test PatternS for Television
SMPTE RP 133-1991 Specifications for.Medical Di.agnostioImaging Test Patterns,for

. TelevisionMonitorsandHardCopyRecordingCameras . .

SMPTE RP 94-1993.Gain Determination of Front Projection Screens
SMPTE"RP:95-1994 Installation QfGain'Screens " .

SMPTE 196M-1995 Motion -Picture Film -Indoor Theater and Review Room Projection "-~:'.
Screen Luminance and Viewing Conditions" " " .

SMPTE RP 98-1995 Measurement of Screen Luminance in Theaters
SMPTE RP 51-1995 Screen Luminance and Viewing Conditions for 8-mm Review Rooms
SMPTE RP 59-1995 Color and Luminance of Review Room Screens for Viewing Motion-

Picture Materials Intended for Slides or Film Strips

"- .

VESA- Video Electronics .Standards Association
www.vesa.org

FPDM - Flat Panel Display Measurements Standard
Edward F. Kelley, Chair, NIST, Tech. AS3, Gaithersburg, l\ID 20899, USA
Phone: 301-975-3842, Fax: 301-926-3534, Email: kelley@eeel.nist.gov
Michael D. Grote, Vice Chair, NIDL (National Information Display Laboratory)
Phone: 609-734-2506, Email: mgrote@sarnoffcom

VESA has been working on several FPD interface standards that may be of interest.

Other Publications of Interest:
Gunter Wyszecki and W. S. Stiles, Color Science: Concepts and Methods, Quantitative Data

and Formulae, 2ndEdition (1982, John Wiley & Sons). This is a classic reference work
packed with information.

Peter A Keller, Electronic Display Measurement: Concepts, Techniques,and Instrumentation
(John Wiley & Sons in association with the Society for Information Display, 1997).

Flat-Panel Displays and CRTs (Van Nostrand Reinhold, New York, 1985)Lawrence T. Tannas,
Jr., editor,' .:

Yoshihiro Ohno, Photometric Calibrations, NIST Special Publication 250-37, U.S. Department
of Commerce, National Institute of Standards and Technology, July 1997. This publication
contains the details on how calibrations are made in photometry and describes the subtleties
in the use of the instrumentation with a complete uncertainty analysis.

Barry N. Taylor and Chris E. Kuyatt, Guidelinesfor Evaluating and Expressing:the Uncertainty
ofNISTMeasurement Results, NIST TeChnicalNote 1297,1994 Edition.
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