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1. SCOPE:

This document covers monochrome and color LCDs (transmissive, transflective, and reflective),
both matrixed and segmented in format, and is applicable to the following types of displays:

a. Flight and navigation displays
b. Engine, systems, and warning devices
c. Control displays

In this document the terms “LCD”, “LCD Display”, “Display”, and “Instrument” are synonymous and

encompass the display system (e.g., LCD device, drivers, backlight, display procs

just the device
1.1 Purpose:

This documqg
the flight deg

of LCDs and

2. REFERENCES:

2.1 Applicable D

nt recommends design and performance criteria for liguid crystal d
k of aircraft subject to Part 25 certification. It is intended as guidar
certifying aughority. A secondary purpose is to share information about the uniq
how they relate to the flight deck.

pcuments:

bSsor, etc.), not

isplays (LCDs) on

ce for the
ue characteristics

The following publications form a part of thisspecification to the extent specified herein. In the

event of conf
specification
laws and reg

2.1.1 SAE Publig
15096-000

ARP450D
ARP571C

ARP1068B

lict between the text of this(specification and references cited here
takes precedence. Nothing in this specification, however, superse
ulations unless a specific exemption has been obtained.

Flight\Deck Visual, Audible and Tactile Signal
Flight-Deck Controls and Displays for Communication and Navig
forTransport Aircraft

n, the text of this
des applicable

ations: Availahle,ffom SAE, 400 Commonwealth Drive, Warrendale, PA
1.

htion Equipment

trols for Transport

AIR1093
ARP4102
ARP4102/7
ARP4103
ARP4105
AS8034

AMS 2521B

l:Iighf Deck Instrumentation niclnlny Criteria_and Associated Con
Aircraft

Numeral, Letter and Symbol Dimensions for Aircraft Instrument Displays

Core Document, Flight Deck Panels, Controls and Displays
Electronic Displays

Flight Deck Lighting and Visual Interface

Nomenclature and Abbreviations for Use on the Flight Deck

Minimum Performance Standard for Airborne Multipurpose Electronic Displays

Reflection Reducing Coatings for Instrument Glasses

-4 -
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2.1.2 FAA Publications: Available from the Federal Aviation Administration, 800 Independence
Avenue, SW, Washington, DC 20591.

FAR Part 25/JAR 25

TSO-C113

2.2 Related Publ

Airborne Multipurpose Electronic Displays

ications:

The following publications are provided for information purposes only and are not a required part
of this SAE Aerospace Recommended Practice.

2.2.1 SAE Publig
15096-000

ARP1161
ARP1782

ARP1874
ARP4032

ARP4101
ARP4260

ARP4067

2.2.2 FAA Publid
Avenue, S

Advisory C

2.2.3 U.S. Militar

700 Robbins AvenueiPhiladelphia, PA 19111-5094.

AFGS-872

ations: Available from SAE, 400 Commonwealth Drive, Warrefida
1.

Crew Station Lighting - Commercial Aircraft

Displays

Human Engineering Considerations in the Application of Color to B
Displays

Core Document, Flight Deck Layout and Facilities

Photometric and Colorimetric Measurement Procedures for Airborr,
Panel Displays (When Approved)

Design Objectives for CRT Displays for Part 23 Aircraft

ations: Available from the Eederal Aviation Administration, 800 Ing
)V, Washington, DC 20591

rcular 25-11Transpert Category Airplane Electronic Display Syster

y Publications:. Available from DODSSP, Subscription Services Dg

L 3B (USAF)Displays, Airborne, Electronically/Optically Generated

2.2.4 CIE Public

Design Objectives for CRT Displays for Part 25(Transport) Aircraff

e, PA

Photometric and Colorimetric Measurement Procedures for Direct MView CRT

lectronic Aircraft

e Direct View Flat

ependence

ns

sk, Building 4D,

hilans: Available outside of the IU. S from Bureau Centrale De La (

[IE, 52, Boulevard

Malesherbes, 75008 Paris, France and inside the U.S. from United States National Committee
of the Commission Internationale De L’Eclairage, c/o Thomas Lemons, TLA-Lighting
Consultants, Inc., 7 Pond Street, Salem, MA 01970-4893.

Supplement No. 2 to CIE Publication No. 15 Recommendations on Uniform
Color Difference Equations - Psychometric Color

Terms

Color Spaces
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2.2.5 RTCA/EUROCAE Publications: Available from RTCA, Inc., 1140 Connecticut Avenue, Suite

1020, Was

hington, DC 20036.

RTCA DO-160C/EUROCAE ED-14C Environmental Conditions and Test Procedures for

Airborne Equipment

RTCA DO-178B/EUROCAE ED-12B Software Considerations in Airborne Systems and

2.3 Definitions:

Equipment Certification

Definitions u

The word “sH
that there be
Deviation fro

3. GENERAL RE
3.1 Equipment H

The design ¢
displays unlg

3.2

Except as deg
specified in §
forward in R]
performance
3.3 Smoke and

No material
or to perform

Environmential Conditions:

5ed In this document shall be as noted in the Glossary of Terms de
no deviation. The word “should” is used to express a recoramend
Im the specified recommendation may require justification:
QUIREMENTS:

unctions:

bjectives for flight deck displays as set:forth in ARP4102/7 are ap(
ss they are superseded by or conflict.with the recommendations of

tailed in appropriate sectiofis of this document, the performance re
bection 4 apply over the(applicable environmental conditions and te
[CA document DO-160C and over the useful life of the equipment.
be degraded so asto lead to erroneous interpretation or loss of di

[ oxicity:

Ised shall-liberate gases or fumes that are detrimental to performa
ance’or-to health of personnel.

fined in Section 5.

all” is used to express an essential (mandatory) requirement. ‘Conformance requires

bd requirement.

licable to LCD
this document.

guirements

st procedures set
In no case shall

splayed data.

nce of the aircraft
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3.4

3.5

4. DETAIL REQUIREMENTS:

4.1

411

4.1.2

Malfunction Indication:

Means must be provided to indicate malfunctions or failures to the appropriate crew member in a
positive manner (reference ARP4102, 6.2). It is not practical to use built-in-self-test procedures
to monitor the functionality of all the addressable elements in liquid crystal display devices. One
manual means to detect addressable element malfunctions is to provide a “push-to-test”
procedure which activates all display elements in “on” and “off” states. Displayed fonts, symbols,
indicia, etc. should be designed to be tolerant of addressable element defects and failures
whenever practical.

Particular enpphasis should be given to precluding or mitigating failures which-cpuld result in
hazardously misleading information. Inconspicuous and undetected loss of‘infgrmation could
contribute tolhazardously misleading information. Consideration should be'given to drive and
addressing techniques to avoid the loss of information resulting from thefailure|of rows, columns,
and/or elements.

Glass Breakgage:

Front glass dtrength shall be sufficient to withstand normal:impacts that can be expected in the
flight deck epvironment without cracking, breaking, or Joss of LCD edge seal.

Display Visugl Characteristics:

Viewing Characteristics: All indicatingimeans displayed (indicia, pointers, symbols, etc.) shall
be completely visible from any eyelposition within the viewing envelope(s) as specified by the
equipment|manufacturer. Each.installation shall be examined to verify that the design eye
position(s) [and allowable head motion envelope(s) (reference 2.2.1, 4.1.1.1, gnd 6.1.5 of
ARP4102) [are within each(viewing envelope.

Cross-cochpit viewingde'the other pilot’s displays should be provided to achieye the capability
recommenfled by ARP4102. The cross-cockpit viewing angle is installation dependent and is
usually a cpmpaund angle.

NOTE: The-cockpitviewing angle requirements may far exceed 45 degrees. |

Symbol Alignment: Symbols which are interpreted relative to each other (i.e., cursors on
scales, command bars against reference points, etc.) shall be aligned to preclude
misinterpretation of information.

-7 -
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4.1.3 Matrix Anomalies: Since the display is an array of discrete elements, displayed information may
have visible spatial and color anomalies. Stair stepping, line width variation, and moire are
examples of spatial anomalies; color banding and color fringing are examples of color
anomalies. Anomalies are especially visible in dynamic images and may not be visible in static
images. The extent of the anomaly is dependent on many factors including the size, shape,
and arrangement of the display elements, construction of the symbol, rate, direction, and
increment of motion and luminance control of the elements. The display shall have no matrix
anomalies which cause distraction or erroneous interpretation. This shall be assessed with

414

4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

both static

and dynamic formats.

Crosstalk:

Jitter: The
Jitter of 0.3
limit, but th

Line Width
color and |
of the line.
effects. Li
an undesir

Symbol QU

Crosstalk should not be readily apparent or distracting.

Fe should be no discernible display jitter when viewed within the’vie

wing envelope.

mrad peak-to-peak from any point within the viewing envelope is & suggested upper

at may not be acceptable in some instances.

Uniformity: When viewed from the design eye position (DEP), ling
hminance should appear uniform in width at all fetational or transla
Line width variation should not be readily apparent or cause distr
hes with a minimum line width less than 70% of the maximum line \

hble visual “roping” effect.

ality: Symbols should not have distracting gaps or geometric disto

quality chafacteristics shall not cause erroneous interpretations; any distorted

not exceed

Flicker: Fl
conditions,
MOoSt SUSCH

one half the local line width.

cker should not be readily discernible or distracting under day, twili
considering both foveal and full peripheral vision, and using an op{
pptible to producing:flicker. This is intended to include stroboscopid

by vibratio and/or pilot motion.

Symbol Mg
have distra
luminance
independe

tion: Display symbology that is in motion (translation and/or rotatid
cting jitter,/jerkiness, or ratcheting effects. Dynamic symbols shou
per 4:1.10), contrast, color, line width, and symbol quality characte
nt-of their rate of motion. Pointers and bar graphs should be desig

hysteresis

s of a specified

ional orientations
ting visual

vidth may produce

rtions. Symbol
dimension should

ght, or night
brational format
flicker induced

n) should not
d maintain
pristics

ned with built in

L anm‘hing of the dicplaypd value such that when a constant or

ear constant

value of a parameter is to be displayed, objectionable motion is eliminated.

-8-
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4.1.10 Response Time: Response time limitation shall not produce undesirable artifacts which could
lead to the erroneous interpretation or loss of displayed information. Such artifacts include
smearing of moving images and loss of luminance. These effects may be temperature
dependent and shall be evaluated over the operating temperature range. For either increasing
or decreasing commanded luminance, the ratio of integrated luminance change (luminance
perceived by the eye) to commanded steady state luminance should be greater than a
suggested value of 70%. Mathematically, this is described as:

tu
L(t)dt
Perceived Luminance Change (“ON”) = B >07 (Eq.1)
tulc - Lto)
Besponse Time ("“CN")
‘ Update Periog -
. 4
§ ole
£
é ole Ly Luminanc
2 Change
é o
0
to ty
FIGURE 1
tu
L(t)dt
. . t
Perceived Luminance Change (“OFF”) = 1—% >0.7 (Eq.2)

-9-
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4.1.10

4.1.11

4.1.12

[y

o
@

o
o

o
FS

j=)
L™

Luminance Change (Normalized)

Besponse Time ("OFF7)
Update Penod =Il
L{t)
Luminance
Change
\ ’

(Continugd):
where:

L(®)

L¢ Commanded steady state luminance
Lty | = Initial steady state luminance

ty | = Data update period (reference 4.3.3)
to | = Start of the update periad (time = zero)

Function luminance change with respect to time

FIGURE 2

NOTE: The data update period is here assumed to be longer than the refresh cycle.

For displays with slowly changing symbol positions, t,, shall be equal to the ¢lata update period
or the mihimum time_required for symbol line widths to move to new pixel pgsitions, whichever
is greatef. In no case should response time cause the maximum perceived [luminance of
dynamic symbology to fall below 70% of the average white luminance recommmended in

4.2.2.1.

Image Retentiom—tmage retentionshoutdnotbereadity discernibtedayornight, should not be
distracting, and shall not cause an erroneous interpretation of the display. Image retention is
an undesired afterimage that persists on the display.

Defects: Visible defects on the display surface (such as failed-ON or failed-OFF elements,
rows, or columns, spots, discolored areas, etc.) should not be distracting and shall not cause
an erroneous interpretation of the display. Defects which are not visible with any operational
format from the minimum viewing distance are acceptable.

4.1.12.1 Failed-ON Row/Columns (Matrix Display): No failed-ON row/columns shall be allowed on the

display.

-10 -
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4.1.12.2 Failed-OFF Row/Columns (Matrix Display): Depending on resolution, mode, color, and
format, there may be failed-OFF row/column defects which are neither distracting nor cause
erroneous interpretation. In no case shall a failed-OFF row/column cause any erroneous
interpretation. If a failed-OFF row/column is in an unused area (format dependent) or is
orthogonal to symbol lines, it may never be detected.

41.12.3

Element Failures: Beyond the requirements of 4.1.12.1 and 4.1.12.2, the number of

acceptable element failures is an aesthetic issue. Failed-OFF and failed-ON blue elements
are much less objectionable than failed-ON red, green, or white elements. Clusters of failed
elements are more objectionable than those widely separated. The number of acceptable

defects

constitu
4.1.12.4 Defect S
distracti
are not
flight is
should K
failures
three elé¢
interpref

4.1.13 Multiple In
sun shafti
images of
shall not g

4.2 Photo-Colori

4.2.1 General: T
under all a
86 100 lux
4.2.2 Luminance
under all ¢
transitions

s dependent on the format. Any segment failure on a segmented
e an unacceptable display (unless there are redundant segments),

bervice Limits: Defects should not constitute a service limit'unless {
ng or could cause an erroneous interpretation. Even though failed-
hcceptable at acceptance testing, they might be tolerated in service
not threatened by distraction or erroneous interpretation. Dispatch
e enhanced by designing the display hardwarefsoftware system to
As practical; an example is designing symbols:with displayed lines

bments wide so that no single failed row/column can cause an erro
ation.

nages: When illuminated with lightnot normal to the display surfag
ng illumination, transflective or reflective liquid crystal displays can
displayed information. The multiple images formed should not be
ause erroneous interpretation of displayed data.

netric Characteristics:
he display symbalogy shall be clearly readable throughout the viey
mbient illumination levels ranging from 1.1 lux (0.1 fc) to sun-shafti

(8000 fc) incidence on the face of the display.

. The-display luminance shall be sufficient to provide a comfortabl
pnditions of cockpit ambient illumination and provide rapid eye adaj

Hisplay shall

hey are

ON row/columns
for a time if safe
capability can and
be as tolerant of
hat are at least
heous

e, for example
produce multiple
distracting and

Ving envelope

ng illumination of

b level of viewing
ptation for

from forward field-of-view (Fﬂ\/) luminance levels of up to.34 300 ¢

d/m2 (10 000 fL).

The luminance uniformity values stated in 4.2.2.3 and 4.2.2.4 shall be used for LCDs instead of

the values

stated in AS8034, 4.3.2.2.

-11 -
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4.2.2.1 Maximum Luminance, Transmissive Displays: With manual and automatic luminance
controls at maximum, the average white symbol luminance across the usable display surface
should be at least 257 cd/m2 (75 fL) when measured from the design eye position in a dark
ambient. The maximum white symbol luminance should be at least 171 cd/m2 (50 fL)
anywhere on the usable display surface under static or dynamic conditions. This luminance
requirement is based on a 0.6 mrad line width. Larger line widths and filled areas will require
less luminance to provide the same apparent brightness. Conversely, smaller line widths will
require more luminance for the same apparent brightness. Based on matching brightness of
parallel lines on a dark surround with luminances of 1 to 8 fL at a 33 inch viewing distance,
the following brightness-to-luminance relationship has been developed.

The relatlonship between luminance and relative brightness shown below;is|normalized for a
0.6 mrad|line width (0.5 mm or 0.02 in at a 33 in viewing distance). Ferline|widths from 0.15
to 1.5 mrpd, luminance times the normalizing factor, Ky, yields equalappargnt brightness:

Apparent Brightness = K, x Luminance (Eq.3)

Brightness vrs Luminance Relationship

8 R B B e N S DR R R = .

1.4 -
I.J - mw e - af - 4 - - ----.--‘-4-‘- - -.---.- -.-p-lc---
1.2 - -

11

0.9 +— . . e

0.6 T '/ — T T T T -
0.8 —
0.4
0.3

0.2

Nommalizing Factor - Kn
N

0. V0.1 0.2 0.3 04 05 0.6 0.7 08 09 1 1.1 1.2 1.3 14 15 |16
line Width (milliradians)

FIGURE 3

12 -

Distributed under license from the IHS Archive



https://saenorm.com/api/?name=aa128477fb172f1a7a1fc6ab2f699a9f

SAE ARP4256

4.2.2.1 (Continued):

Other symbol colors typically have a luminance level significantly lower than white. The
actual level of the luminance disparity between white and other colors is dependent on several
factors including pixel configuration, backlight phosphor mix, and color filters employed.

Other colors, especially red and blue hues have greater perceived brightness than white
which partially compensates for this luminance disparity. The use of larger line widths,
symbol area fills, and white outlining of dimmer symbol colors should be used to further
compensate for lower symbol color luminance values.

Maximunh luminance required IS also a function of the display tlight deck lecption. The above
luminance requirement is based on requirements for primary instrumentatiop centrally located
under the glare shield and are minimum performance requirements. Glare $hield mounted

displays subject to the immediate proximity of the forward-field-of-view ambient luminance will
require greater luminance levels for equal readability.

4.2.2.1.1 Maximym Luminance, Transflective/Reflective Segmented Displays: Transflective or
reflectiye segmented liquid crystal displays should have’the following max{mum total white
segment luminance (self-luminance plus reflected jllumination with any integral lighting or
gray sdale controls set to maximum luminance) when measured from the ¢glesign eye
positionn. These luminance requirements are based on a 1.2 mrad line width (reference
normal(zing factor, Ky in 4.2.2.1) and are minimum performance requirements.

TABLE 2
Cockpit Luminance Diffuse Source
Location Level Cockpit llluminatipn
Glare shield =70 fL = 2160 lux (200 fg)
Front Panel and Side Console =50 fL = 1620 lux (150 f)
Aigle Stand and:Overhead Panel =35 fL = 1080 lux (100 fE)

NOTE:| Thetetal luminance requirements stated above have been deemgd sufficient by
piot evaluations. The cockpit ambient illumination levels which cantribute to these
fotal Tuminance values, however, are installation dependent and depend on cockpit
configuration.

4.2.2.2 Minimum Luminance: Under night lighting, with the display brightness set at the lowest
usable level for flight with normal symbology, all flags and annunciators shall be adequately
visible. To achieve acceptable viewing in dark conditions, the minimum white symbol
luminance when measured in a dark ambient should be no greater than 0.343 cd/m2 (0.1 fL)
for 0.6 mrad wide lines. A narrower line could have higher luminance (reference normalizing
factor, K, in 4.2.2.1). A luminance of 0.171 cd/m2 (0.05 fL) will be desired by a small

percentage of users.

-13 -
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4.2.2.2 (Continued):

4223

NOTE: These minimum luminance values have been established for dark-adapted flight

conditions. The values may be increased for applications where the flight deck
ambient lighting design precludes a high degree of night vision adaptation.

Design Eye Position Luminance Uniformity: Display areas of a specified color (excluding the
dark or OFF state) and luminance should have a luminance uniformity of less than 0.5 across
the utilized display surface when measured from the DEP. In no case should luminance
nonuniformity cause the maximum white symbol luminance anywhere on the usable display

surface tp go below the 171 cd/m< (50 L) value specified in 4.2.2.1.

Where: [uminance Uniformity = —M&X

And:  Umpmax = Maximum luminance measured anywhere af the utilized di

NOTE: 7

where A
luminanc

The size
acceptab
acceptab
eliminate

Umean = Mean luminance of the utilized djsplay surface as measure

L ~Lmin
Lmean

the DEP
Lmin = Minimum luminance measured anywheré on the utilized dis

the DEP

'he measurement technique used.terdetermine Liean Should produ
lose as possible to that given by:

L dA

A

s the utilized display-'surface area. Care should be taken to suffici
e over the utilized display surface to produce this result.

of the display, its format, and the gradient of the nonuniformity affe
ility. Higher values of the luminance uniformity metric could be con
le. The rate of change of luminance within any small area should
distracting visual effects and could require a smaller value of the |

ently sample

ct overall
nfortably

iminance

uniformit

/ metric_ Of Inr—arrir‘lllm’ concern are effects caused hy the instrumen

t's integral

lighting.

splay surface from
play surface from
j from the DEP

ce a value as

(Eq.4)

e minimized to
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4.2.2.4 Viewing Envelope(s) Luminance Uniformity: Display area luminance should not vary more
than 0.5 when measured from any eye position within each viewing envelope as specified by
the equipment manufacturer and with the display set to its maximum gray scale (full-on).

Where: FOV Luminance Uniformity = Lmax ~Lmin
mean

And: Lmax = Maximum area luminance of a specified area measured from any eye
position within each viewing envelope

L mir—=Minimum area luminance of a anpr‘ifipd area measured fram any eye
position within each viewing envelope

Lmean = Mean area luminance within each viewing envelope

4.2.2.5 Backgroyind (Black) Uniformity: The total difference in the color, 1976 CIE AE* (CIELUV), at
any two Ipcations commanded to their dark state, within the usable display gurface, should not
exceed 12. These limits apply for any fixed eye position within the design viewing envelope
with the glisplay integral lighting set to full intensity and measured in a dark ambient
illuminatipn environment.

Where: RE* = AL *2 +Au*2 +Ay *2

And:  AL* = Difference between background color CIE 1976 L* values
Au* = Difference between background color CIE 1976 u* values
Av* = Difference between baekground color CIE 1976 v* values

Where: IL* = 116 i/Measured Luminance _, .
100 fL
for Measured Luminance > 1 fL
L* = 9.03 x-.Measured Luminance
for-Measured Luminance < 1 fL
u* 13L*(u’ - 0.1978)

V¢ < 13L*(V - 0.4684)

NOTE: Reference-52-

The size of the display, the amount of black in the format, and the gradient of the
nonuniformity affect overall acceptability. Higher values of AE* could be comfortably
acceptable. The rate of change of AE* within any small area should be minimized to eliminate
distracting visual effects and could require a smaller value of the AE* metric.
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4.2.2.6 Background (Black) Chroma: The average Background CIE 1976 Chroma, C*psck, measured
across the utilized display surface should be less than or equal to 26 anywhere within the
display’s design viewing envelope when measured in a dark ambient illumination environment
with the display integral lighting set to full intensity.

Where: C*pack = 13 L*pack \/(u‘back—0.1978)2 +(Vpack 0.4684)2
And: U'pack = CIE 1976 u’ of background
V'hack = CIE 1976 v’ of background
L*pack = 1163 Measured Luminance 16
100 fL
for Background Luminance > 1 fL
L*back = 9.03 x Measured Luminance
for Background Luminance < 1 fL
Des00 (UF0.1978, v'=0.4684) is recommended as the reference to insure urfiformity from flight
deck to flight deck. Another reference could be used toinsure uniformity agross a given flight
deck proyiding the color is not objectionable.

4.2.3 ContrastR
luminance
conditions
visual scen
on image S
paragraphg

The followi
Formats w
information

atio (CR): The contrast ratio (total foreground luminance/total back
shall be sufficient to provide a promptly discernible, easy to read i
pf cockpit illumination and under.all conditions of eye adaptation to
e. Image brightness, the subjective perception of luminance, is he
ize or line width. Smaller.line widths than those referenced in the f
will require higher contrast ratios for comparable readability.

ng contrast ratio requirements apply only to skeletal-graphics or te

may require_higher contrast ratios.

4.2.3.1 Dark Am
surface
within the
ambient €

pient Contrast Ratio: The average white contrast ratio over the usa
hould.be a minimum of 20:1 at the design eye position and 10:1 fof
VIewmg envelope Th|s requwement shaII apply to self Iumlnous o

ground

mage under all
the external
avily dependent
pllowing

t display formats.

hich present image video information or make extensive use of shading to code

ble display
any eye position
isplays in a dark

ation of dark

ambient to 100 fc Th|s requwement is based ona O 6 mrad I|ne Wldth For line widths of 1.2
mrad or greater, the average white contrast ratio at the design eye position should be a

minimum

of 15:1.

4.2.3.2 High Ambient Contrast Ratio: The average white contrast ratio over the usable display

surface should be a minimum of 3:1 for 0.6 mrad line widths and 2:1 for 1.2 mrad line widths
when viewed from any eye location within the viewing envelope. This requirement shall apply
to self-luminous or transflective/reflective displays when subjected to point source illumination
levels up to 86 100 lux (8000 fc). This requirement does not apply to specular reflections
from point source illuminations.
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4.2.4 Color: Displayed symbology shall be distinguished from its background and from the other
symbols by means of luminance differences and/or chromaticity differences in all ambient
conditions defined in 4.2.1.

The most credible color difference system is CIELUV which is described in Supplement 2 to
CIE Publication No. 15; but it does not consider symbol size and does not offer criteria for
perception. Except in cases where an absolute chromaticity is desired (e.g., Cyan for sky
shading), colors should be selected which maximize color differences. Results should be
analyzed using the CIELUV system since this system perceptually weights both luminance and
chromaticity components in determining color difference. Although there is no adequate basis

for specifyi
recommen
same flight
separate ¢

a. Chrom
b. Chrom
c. Chrom

(4.2.4.3

In no case
prevent dig
meeting th
distinguish

4241 Chroma

Ng a minimum acceptable difference at this time, chroma differencs
Hed to prevent generic color confusion when observing severalLCl
deck. The chroma difference tolerances shown below are patrtitio
htegories:

h difference between colors across the utilized display-surface (4.2

h difference between specified colors and colors measured at the
h difference between DEP colors and colors anywhere in the viewir|

)

shall the tolerances specified in the subparagraphs listed above ag
crimination or proper interpretation of.symbols of different colors.

Ability of the symbols.

Uniformity: A symbol of a:specified color set to any intensity within

b tolerances are
D displays on the
ned into three

4.1)
EP (4.2.4.2)
g envelope

t additively to
A display not

bse limits could be acceptable if analysis/testing of operational formpats determine the

the specified
niform across the

iwved from a fixed

dimming range (backlight and/or(gray scale) shall have a chroma which is u
utilized d|splay area when viewed from the design eye position. The chroma difference
(AC*ixeq) between any two-points on the screen of the same color when vie
point shguld not exceed 24.
Where: |AC *fiyeg(ENWAU*? +Ay *2
And: AU* =" Difference between measured CIE 1976 u* values
v* = Difference between measured CIF 1976 v* values

u* = 13L*u’-0.1978)

v¥ = 13L*(v'-0.4684)

L* = 1163 Measured Luminance _16

100 fL
for Measured Luminance > 1 fL
L* = 9.03 x Measured Luminance

for Measured Luminance < 1 fL
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4.2.4.2 Design Eye Position Chroma Tolerance: When displayed image colors, set to any intensity
within the specified backlight dimming range are measured in a dark ambient illumination
environment the chroma difference (AC*qep) between the specified color and measured color

should be no greater than 24 when measured from the design eye position.

Where Ac*dep = 13 L*measured VAU'2+AVI2
And: Au’ = Difference between specified u’ values and u’ measur
center
IAYY = Difference between specified v values and v_measur
center

4.2.43 Viewing
should bg
each oth
each viey
compare
be perfon
color's m

Where:

And:

Measured Design Eye Luminance
L* =116 3 -
measured \/ 100 fL

for Measured Design Eye Luminance > 1-fL
L*measured = 9-03 x Measured Design Eye Luminange

for Measured Design Eye Luminance< 1 fL

16

Envelope(s) Chroma Tolerance: Within each-iewing envelope, the

br. All displayed image colors measured-at the display center from
ving envelope should have a chroma,difference (AC*;oy) N0 greater
l to the same color as measured-at the design eye position. This 1
med in a dark ambient illumination environment with the display se
aximum luminance and gray,scale level.

AC*fov =13 L*measured VAU'Z"'AV'Z

AU’ = Difference between u’ measured at any point in each
and u’ measured at the design eye position

AV’ = Difference between v’ measured at any point in each
and v’ measured at the design eye position

16

ed at the display

bd at the display

intended colors

e identifiable in the presence or absence-of’other colors and distinguishable from

any point within
than 26 when

neasurement shall
[ to the selected

viewing envelope

Viewing envelope

100 fl

Measured Design Eye Luminance
L*measured = 116 %/ gn=y -

for Measured Design Eye Luminance > 1 fL
L*measured = 9-03 x Measured Design Eye Luminance

for Measured Design Eye Luminance < 1 fL

Some displays which do not meet this recommendation have been found acceptable.
Such displays will require evaluation/analysis to determine acceptability.
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4.2.5 Gray Scale: Gray scale control may be required to match chromaticity requirements, remove
stair stepping, render video images, or provide luminance control. The degree of control
needed depends on the purpose. When gray scale is used for anti-aliasing, deviations in
luminance levels can lead to variations in line shape and legibility. When gray scale is used for
color selection, deviations in primary color gray scale luminance levels can lead to variations in
chromaticity. Gray scale luminance level deviations throughout the viewing envelope should be
minimized to preclude misleading information or distraction.

4.2.6

Specular Reflections: The specular reflectivity of all surfaces in the optical path should be

minimized to preclude distracting image reflections (e.g., pilot's white shirt reflections). The

display frot surface and any other surfaces in the optical path which are not

to minimize
with perfor
nonemittin
case shall
or erroneo

The total p
“white shirt
or less tha
Kn (referen

For viewing
4.2.7 Inactivated
there shall
texture and
inactivated
position un

dissimilarities in their index of refraction should have a reflection T,
mance characteristics conforming to AMS 2521. Electrode pattern
) areas should have low reflectivity coatings to minimize internal re
he level of reflectivity and resulting loss of contrast be sufficient to
IS interpretation.

hotopic specular reflectivity (in %) of LCD displays‘installed where
' specular reflections are within the instrument’s viewing envelope
n the LCD display maximum white luminance times the line width n
ce 4.2.2.1), divided by 100:

Specular Reflectivity (%) < %

) angles of 30° or less from:the display normal, and Lpyay in fL

Segments: In segmented displays, when segments are not electr
be no obtrusive difference between the normal background lumina
the inactivated.segments or the area surrounding them. Contrast
segments and'the background) in excess of 1 to 1.15 measured a
der a pointsource ambient illumination of up to 86,100 lux (8000 fg

of the inactive segments and should be avoided. In no case where the contra

to 1.15 sh4g

Il thedata be misleading.

pptically coupled
educing coating
5 and other
lections. In no
cause distracting

lirect solar or
should be equal to
prmalizing factor,

(Eq.5)

cally activated,
nce, color, or
ratios (between

[ the design eye

) result in visibility
St ratio exceeds 1

4.3 Operating Ti

Ic.

4.3.1 Warm-Up: Under ambient room conditions, a display should present statically correct and
nonmisleading information within 1 min of the initial turn-on. Full dynamic and other detailed
performance requirements should be met within 10 min.

4.3.1.1 Power Transient Recovery: For power interruptions up to 200 ms in duration, recovery time
should not exceed 500 ms. Power interruptions between 200 ms and 1 s in duration may
cause disruptions of system operation for up to 2 s after completion of the transient.
Recovery from power interruptions up to 10 s duration should not cause any unsafe condition
in system operation. In no case shall power transients cause any steady erroneous display or

output.
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