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1.

SCOPE:

This SAE Aerospace Standard (AS) specifies minimum performance standards for

Electronic Displays which are intended for use in the cockpit by the pilot or other flight
personnel under standard and other environmental conditions. The four basic types of
displays based on function and criticality are covered as follows:

Type |

Primary Flight and Primary Navigation which include vertical and horizontal

situation displays.

Type Il
Type llI
Type IV
Airborne E
componen
Symbol Ge
processing
and Display
symbols as

Control Pan
display sym

Display Unit

Displays, th
performanc

Electronic

nerator/Processor Unit (SG) containing display processing and sym
and symbol generation capability, power supplies, interface logic/bd

Systems & Crew Alerting displays which include engine instrument

aircraft

systems information/control, crew alerting, and documentation dispjays.

Control Displays, including communication, navigation . and system
displays.

Information Displays which may include navigation' displays used f¢

control

r situational

awareness only, supplemental data displays,~and maintenance displays.

ectronic Displays can include one or morg’of the following intercon
s. Other configurations are possible.

Unit interface capability. The"SG receives data from external sourg
electronic signals, and transmits the symbols to the Display Units(s

el (CP) is an optional’component providing the means for manually
bology options/modes, selections, settings, brightness, etc.

(DU) providing the visual display of SG symbology. In the case of

hected

bol generation

ffer circuits
es, produces

).

selecting

Head Up

is information is combined with a view of the real world. The minimum

e standards for Head Up Displays given in AS8055 are applicable.

display systems covered by this document are displays whose failu

e may lead to

loss of critical displayed information. System design or installation must recognize this
characteristic and include appropriate redundancy criteria where applicable.

NOTE:

This document is expected to be used by the FAA as the basic requirement for a

Technical Standard Order (TSO) for Electronic Display types listed above.
ARP1874 and ARP4067 give recommended means, but not the only means, of
compliance to this standard for CRT based displays.
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1.

(Continued):

ARP4256 gives recommended means, but not the only means, of compliance to this
standard for Part 25 LCD displays. That document is subject to change to keep pace with
experience and technical advances. A similar document for Part 23 aircraft does not exist.

The documents
listed in 2.2
requirements of this document.

2.1

211

REFERENCES:

listed in 2.1 are referenced for guidance in this document. Th
re proviaed 1or Inforrr N[ ( onlty and do not 1orm a par

e documents

of the

Applicable Documents:
The following documents are referenced for guidance and forma part of thisfdocument to
the extent specified herein. The latest issue of all SAE Technical Reports shall apply. In
the event of conflict between these documents and this standard, the contents of this
standard| shall govern.
SAE Publications: Available from SAE, 400 Commionwealth Drive, Warrengale, PA
15096-0001.
ARP1782 Photometric and Colorimetric Measurement Procedures for Direct
View CRT Displays
ARP1874 Design Objectives for CRT Displays for Part 25 (Trangport) Aircraft
ARP4067 Design-Objectives for CRT Displays for Part 23 Aircrajt
ARP4102/7 Electronic Displays
ARP4256 Design Obijectives for Liquid Crystal Displays for Part P5 (Transport)
Aircraft
ARP4260 Photometric and Colorimetric Measurement Procedures for Airborne
Direct View Flat Panel Displays
ARP5413 Certification of Aircraft Electrical/Electronic Systems for the Indirect
Effects of Lightning
ARP5583 Guide to Certification of Aircraft in a High Intensity Radiated Field
(HIRF) Environment
AS8055 Minimum Performance Standard for Airborne Head Up Display

(HUD)
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21.2

21.5

216

Uus.G

overnment Publications:

FAA AC-( ) documents are available from the U.S. Department of Transportation,
Subsequent Distribution Office M-30, Ardmore East Business Center, 3341 Q 75th
Avenue, Landover, MD 20785.

FAR 23 Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter
Category Airplanes

FAR 2§ AIfWorthiness Standards: 1ransport Category Airplangs

AC 204136 Protection of Aircraft and Electrical/Electronic Systems against the
Indirect Effects of Lightning

RTCA/EUROCAE Publications: Available from RTCA Inc., 1828 L St. NW,|Suite 805,

Washir

RTCA

CIE (C

U.S. from Bureau Centrale De La CIE, 52,[Boulevard Malesherbes, 75008
and ins
Interna
7 Pond

Supplement No. 2 to CIE Publication No. 15

Electronic Industry)Association (EIA) Publications: Available from Electron
2500 W

EIA-50

gton, DC 20036-5133.

DO-160D/EUROCAE ED-14D Environmental Conditions and Te

for Airborne’Equipment
bmmisions Internationale de I'Eclairage)-Publications: Available out
ide the U.S. from United States National Committee of the Commis
Street, Salem, MA 01970-4893.

Recommendations on Uni
Spaces Color Difference E
Psychometric Color Terms

ilson Boulevard, Arlington, VA 22201.

3-O Recommended Practice for Measurement of X-Radiat

st Procedures

side of the
Paris, France
5ion

tionale De L’Eclairage, c/o Themas Lemons, TLA-Lighting Consultgnts, Inc.,

form Color
quations -

c Industries,

on from

Direct View Display Cathode Ray Tubes

VESA Publications: Available from VESA, 860 Hillview Ct., Suite 150, Milpitas, CA

95035.

Flat Panel Measurements Standard, Version 2.0, June 1, 2001
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2.2 Applicable References:

221

222

223

The following documents are provided for reference only and do not form requirements for

this specification.

SAE Publications: Available from SAE, 400 Commonwealth Drive, Warrendale, PA

15096-0001.

AIR1093 Numeral, Letter and Symbol Dimensions for Aircraft Instrument
Displays

ARP4(32 Human Engineering Considerations in the Application|of Color to
Electronic Aircraft Displays

ARP4067 Design Objectives for CRT Displays for Part'23 Aircrajt

ARP41(01 Core Document, Flight Deck Layout.and Facilities

ARP41(02 Core Document, Flight Deck Panels, Controls and Digplays

ARP4103 Flight Deck Lighting and Visual Interface

ARP4105 Nomenclature and Abbfeviations for Use on the Flight| Deck

AMS 2521B Reflection Reducing Coatings for Instrument Glasses

U.S. Gpvernment Publications:\FAA AC-( ) documents are available from the U.S.

Department of Transportation, ‘Subsequent Distribution Office M-30, Ardm¢re East

Busineps Center, 3341 @ 75th Avenue, Landover, MD 20785.

MIL-HDBK-87213 is-available from Document Automation and Production [Service,

Building 4D, 700-Robbins Avenue, Philadelphia, PA 19111-5094.

Advisofy Cifcular 25-11 Transport Category Airplane Electronic Oisplay

Systems

Advisory Circular 23-1311-1A

MIL-HDBK-87213

Part 23 Airplanes

Installation of Electronic Display Instrument Systems in

Military Handbook: Electrically/Optically Generated

Airborne Displays

RTCA/EUROCAE Publications: Available from RTCA Inc., 1828 L St. NW, Suite 805,
Washington, DC 20036-5133.

RTCA DO-178B/EUROCAE ED-12B

and Equipment Certification

Software Considerations in Airborne Systems
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2.3 Definitions:

Definitions used in this document shall be as noted in the Glossary of Terms defined in
Section 7. The word “shall” is used to express an essential (mandatory) requirement.
Conformance requires that there be no deviation. The word “should” is used to express a
recommendation. Deviation from the specified recommendation may require justification.

3. GENERAL STANDARDS:

3.1

3.2

3.3

3.4

3.5

3.6

Material:

Material
suitable

Workma

Workma
electroni

Compati

If a displ
adjustmg
be identi
documer

shall be of a quality which experience and/or tests have demonstrated to be

hnd dependable for use in aircraft instruments.
nship:

nship shall be consistent with high quality aircraft electromechanica
C instrument manufacturing practices.

ility of Components:

hy system component is individually;acceptable but requires calibra
nts or matching to other components in the aircraft for proper opera
fied in a manner that will insure performance to the requirements of
t.

Interchamgeability:

Display {
shall be

Accessil

Controls

ystem components’'which are identified with the same manufacture
completely interchangeable.

ility of Controls:

which“are not normally adjustable in flight shall not be readily acces

and

ion
tion, it shall

this

d part number

personngl when the instrument is installed in accordance with the instrumen

[

manufacturer’s instructions.

Self-Test Capability:

sible to flight

If the equipment contains integral arrangements to permit pre-flight and/or in-flight self-test
checks on the operation of the equipment in combination with other aircraft sub-systems,
such tests shall not adversely affect any associated subsystem.

In-flight, self-test activation features must include a means to warn the pilot or appropriate
flight crew member of this mode of operation.

-10 -
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3.7 Effect of Tests:

Unless otherwise stated, the application of all prescribed in service testing shall not
produce a subsequent condition which would be detrimental to the continued performance
of the instrument.

3.8 Malfunctions:

3.8.1

3.8.2

3.9 Multiple

3.10

3.11

When a
identified
Indicator
Identificg

The follo
namepla

a.

b.

g.

Malfunction Indication: Means shall be provided to indicate malfunctions or failures to

the ap

Fail Safe Provision: No single failure or malfunction of the display system s

unsafe

Nam

Mantu

Mantu

AS8(

Mantu

Mode Indications:

jisplay system has more than one mode, each mode of operation s
by the display system unless the mode is obvious, such as Horizonptal Situation

wing information shall be legible and permanently marked on the eg
le attached thereto.

ropriate crew memper, uniess the taliure IS obVIous, such as 10SS O

conditions to interconnected equipment.

(HSI)-Full Compass and Arc mode.

tion:

b of equipment

facturer’s part number

facturer’s serialnumber or date of manufacture
34 or eduivalent approval identification

facturér's name or trademark

Weig

Display:

ht to the nearest 0.05 kilogram (tenth of a pound)

Environmental categories per DO-160D/ED-14D

the display.

hall introduce

nall be

uipment or

The information being displayed should functionally conform to the applicable SAE
Aerospace Recommended Practice.

-11 -
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3.11.1 Discernibility: Appropriate means shall be incorporated to prevent obscuration or
confusion of critical information.

3.11.2 Critical Information: Means shall be provided to prevent the removal of information
deemed critical to safe aircraft operation.

3.11.3 Information Limit Indication: A means shall be provided to identify when critical displayed
information exceeds display format functional limits.

3.11.4 Scale
for the

3.11.5 Ambig

the ope

3.11.6 Integra| Lighting: When integral lighting is provided, it must{ under normal
bns, make all indices within the required viewing envelope easily readable.

conditi

3.12 Resistan

Optics s

all operaT

When hg
and suffi
temperafure and fogging tests ofrthis document.

3.13

The disp
mechani

3.14

Except fq

Mechani

Fire Res

Readabitityr The display scaling, graduations, and numeration shatl
evel of reading accuracy and dynamic range required.

dity: Appropriate means shall be provided to prevent ambiguous ind
rating range of the display system.

ce to Dust and Moisture:

all be designed to prevent contamination of surfaces by dust or mo
ing and test conditions of this standard that causes an unsafe cond

rmetically sealed, the case shall'be filled with an inert gas, free of d
Ciently dry so that fogging.of the indicator glass does not occur duri
cal Hazard System ‘Protection:

ay should besodesigned that no hazard will result from implosion,
cal failurese

stance:

€ appropriate

cations within

cockpit lighting

isture under
ition.

ust particles,
g the low

or other

rsmall parts (e.g., fasteners, grommets, knobs, seals, small electri

cal parts), that

would not contribute significantly to the propagation of a fire, all materials used must be
self-extinguishing when tested in accordance with the requirements of Federal Aviation
Regulation 25.853 and 25.1359 (d) and Appendix F thereto, with the exception that
materials tested may be configured in accordance with paragraph (b) of Appendix F or
may be configured as used.

-12 -
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3.15 Supplemental Heating/Cooling:

Where supplemental heating or cooling is required by the equipment to ensure
conformance with this standard, it shall be the responsibility of the manufacturer to specify
such requirements. If the loss of supplemental heating or cooling during normal system
operation could lead to hazardously misleading information, the heating or cooling sources
shall be monitored and the flight crew alerted to the failure.

MINIMUM PERFORMANCE STANDARDS UNDER STANDARD CONDITIONS:

The manui|acturer shall conduct sufficient tests to prove compliance with this Jtandard. The

applicable

applicable

measurem
4.1 Equipme
Equipme
documer
devices ¢
documer
4.2 Viewing
The follo
under all

envelopsq.

The instn
envelopsg
horizonta
the minin
instrume

4.2.1

standard test conditions are given in RTCA DO-160D/EUROEAE E|
measurement procedures for LCDs are in ARP4260. The applicablg
ent procedures for CRTs are in ARP1782.

nt Functions and Mechanical Operation:

nt shall display information with contents as specified by the approg
t or as specified by the manufacturer for that-display information. A
shall perform their intended function, as.défined by the appropriate s
t or the manufacturer, in a clear and unambiguous manner.

Characteristics:

wing requirements apply tohe instrument in its installed position ar
cockpit light conditions from the manufacturer’s design eye positior

ument manufacturer shall specify the instrument’s design eye positi
. This limitation shall contain, as a minimum, the total viewing angle
| and vertical\planes measured normal to the plane of the display s
hum and(maximum distances from the center of display surface for
nt comiplies with this minimum standard.

Viewin

Angle: All indicating means displayed (indicia, pointers, symbols, ¢

D-14D. The

N4

riate standard
| mechanical
standard

d as viewed
viewing

on viewing

s in both the
rface, and
which the

btc.) shall be

completely visible from any eye position within the viewing envelope(s) as specified by
the equipment manufacturer.

422

Symbol Alignment: Symbols which are interpreted relative to each other, (i.e., cursors on

scales, command bars against reference points, etc.), including mechanically produced
symbols that are interpreted relative to electronically produced symbols, shall be aligned,
including parallax effects throughout the design eye position viewing envelope, to
preclude misinterpretation of information.
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423

424

4.2.5

4.2.6

4.2.7

4.2.8

4.2.81

Positional Accuracy: The display absolute positional accuracy shall be better than 5% of
the maximum diagonal dimension of the display. In no case shall the absolute positional

error cause erroneous data to be presented.

Drift: Dimensional and positional stability of display system presentations shall be
sufficient to ensure the requirements of 4.2.1, 4.2.2, and 4.2.3 are met. Drifts shall in no

case cause an erroneous interpretation of the information presented.

Line Width: Line widths shall be of sufficient size and sharpness to display
informat \ : . ) A

the intended
iewed from

within the design eye position viewing envelope (DEP-VE), lines of a specified color and
luminance should appear uniform in width at all rotational or translational grientations of
the ling. Line width variation should not be readily apparent. Lines'with a minimum line
width lgss than 70% of the maximum line width may produce anundesirabje visual
“roping| effect.

Jitter: Display jitter shall be no greater than 0.6 milliradians peak-to-peak when viewed

within
manufz
viewing
viewing
instana

cturer. There should be no discernible display jitter when viewed w
envelope. Jitter of 0.3 milliradians peak-to-peak from any point wit
envelope is a suggested upper limit, but that may not be acceptab
es.

Flicker
of amb
when V
periphg

The display shall not exhibit an-unacceptable level of flicker under
ent environment up to the maximum ambient illumination level speq
iewed from any viewingsangle defined in 4.2 and 4.2.1, with both fo
ral vision.

Symbo| Quality: Lines, symbols, and characteristics shall not have distract
geomelric distortions.(such as tails, squiggles, skews), or motion anomalie
from thie design eye position viewing envelope which cause erroneous inte
Any digtorted dimension should not exceed one half the local line width.

Matrix Andmalies: Displays generated by an array of discrete elements,

e design eye position viewing envelope as specified by the instrument

thin the
hin the
e in some

the full range
ified by 4.3.1
yeal and full

ng gaps,
s discernible
rpretation.

Hisplayed
line width

information may have visible spatial and color anomalies. Stair stepping,

variation, and moire are examples of spatial anomalies; color banding and color

fringing are examples of color anomalies. Anomalies are especially visibl
images and may not be visible in static images. The extent of the anoma

e in dynamic
ly is

dependent on many factors including the size, shape, and arrangement of the display

elements, construction of the symbol, rate, direction, and increment of m

otion and

luminance control of the elements. The display shall have no matrix anomalies which
cause distraction or erroneous interpretation. This shall be assessed with both static

and dynamic formats.
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4.2.8.2

Symbol Motion: Display symbology that is in motion (translation and/or rotation) should
not have distracting jitter, jerkiness, or ratcheting effects. Dynamic symbols should
maintain luminance (per 4.3.2), contrast, color, line width, and symbol quality
characteristics independent of their rate of motion. Pointers and bar graphs should be
designed with built in hysteresis or smoothing of the displayed value such that when a
constant or near constant value of a parameter is to be displayed, objectionable
motion is eliminated.

4.2.9 Crosstalk: Crosstalk should not be readily apparent or distracting.

4.2.10 Image Retention: Undesired afterimages that persist on the display shauld|not be readily
discernible day or night, should not be distracting, and shall not cause_an g¢rroneous

interpretation of the display.

4.2.11 Defects: Visible defects on the display surface (such as failed=ON or failed

OFF

elemerts, rows, or columns, etc.) should not be distractingand shall not cause an
erronegus interpretation of the display. Defects which are.not visible with gny operational

format from the minimum viewing distance are acceptable.

42111

4.2.11.2

42113

42114

Faile-ON Row/Columns (Matrix Display): No-failed-ON row/columns shall be allowed
on the display.

Faile-OFF Row/Columns (Matrix Display): Depending on resolution, mgde, color, and
format, there may be failed-OFF row/column defects which are neither distracting nor
causg erroneous interpretation, Intno case shall a failed-OFF row/colummp cause any
erroneous interpretation. If a failed-OFF row/column is in an unused area (format
depepdent) or is orthogonal to’symbol lines, it may never be detected.

Element Failures: Beyond the requirements of 4.2.11, 4.2.11.1, and 4.2.11.2, the
number of acceptable-element failures is an aesthetic issue. Failed-OFF|elements and
failed-ON blue elements are much less objectionable than failed-ON red| green, or
whitg elements:)Clusters of failed elements are more objectionable than those widely
sepalated, The number of acceptable defects is dependent on the format. Any
segmentfailure on a segmented display shall constitute an unacceptablg display
(unlegs-there are redundant segments).

Defect Service Limits: Defects should not constitute a service limit unless they are
distracting or could cause an erroneous interpretation. Even though failed-ON
row/columns are not acceptable at acceptance testing, they might be tolerated in
service for a time if safe flight is not threatened by distraction or erroneous
interpretation. Dispatch capability can and should be enhanced by designing the
display hardware/software system to be as tolerant of failures as practical; an example
is designing symbols with displayed lines that are at least three elements wide so that
no single failed row/column can cause an erroneous interpretation.
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4.2.12 Multiple Images: When illuminated with light not normal to the display surface, for
example sun shafting illumination, transflective or reflective liquid crystal displays can
produce multiple images of displayed information. The multiple images formed should
not be distracting and shall not cause erroneous interpretation of displayed data.

4.3 General Photocolorimetric Characteristics:

4.3.1

43.2

4.3.21

43.2.2

4.3.2.3

4324

Ambient lllumination Characteristics: The display symbology shall (Type | and Il) and
should (Type Il and IV) be clearly readable throughout the viewing envelope under all

ambie

86,100(lux (8000 fc) incidence on the face of the display and provide rapid

adapta
34,300

Luming
providg
the dis

Mantu
lumin

ion for transitions from forward field of view luminance levels-0bup
cd/m? (10,000 fL).

nce Characteristics: Luminance: The display luminance shall be st
a usable display under the maximum ambient illumination level ap
play type (as defined in 4.3.1) and application.

al Luminance Control: The display system 'shall have capability for
ance control.

Automatic Luminance Control: If the display system has automatic lumin

comy]
meet
lumin
contr

Lumi
and 1
cons
minin

Lumi
preve

5 the requirements of 4.3.1 under changing cockpit ambient light le
ance control shall not be adversely affected by failure of the autom
Dl.

nance Tracking: When the luminance of the display is varied betwes

hinimum, the relative luminance of all displayed information shall re
stent. In no case-shall any critical symbols or characters become in

ent hazardously distracting conditions or erroneous interpretation of

num luminance setting while other characters or symbols are visiblg.

hination of

fficient to

bropriate to

manual

Ance

ensation, the operation of this compensation shall function so that the system

els. Manual
htic luminance

BN maximum
main visually
visible at the

hance Uniformity: The luminance uniformity of the display shall be gufficient to

information.
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4.3.3 Luminance and Color Discrimination: Under the conditions in 4.2.1 displayed information
shall have sufficient luminance contrast and/or color difference to discriminate between
the following as applicable:

a.

generated).

am

C.

d.

bient or generated backgrounds.

Between symbols, characters and/or lines and overlayed background (ambient or

Between individual symbols, characters and lines including when they overlay

Betlween generated backgrounds and ambient backgrounds.

Between generated background of various specified colors.

In all cases the luminance contrast and/or color differences between all sy

charac
ambigu
require
specify
require
4.3.4 Color:
not res
no cas

In geng

4341 Colo
at an
ambi

lumin
44 CRT:

441 Luming

ers, lines, or all backgrounds shall be sufficient to-preclude confusi
ity as to information content of any displayed information. When op
d, the color of the information shall be identifiable. The manufacture

ment is met.

/Vhere multiple colors are used to enhance discrimination, the use ¢
Llt in the erroneous or ambiguous-interpretation of the displayed inf
b should colors be selected whigh conflict with the requirements of 4

ral, color should not beused as the only coding dimension for critig

Uniformity: The colerdifference between any symbols of the same
iy position within-the useful display area shall not be sufficient to cat
uity or an incorrect identification of an assigned color over the enti
ance control:

mbols,

bn or
erationally
rs shall

the ambient illumination level and illuminate eharacteristic for which this

f color shall
brmation. In
}.3.3.

al information.
color located

se an
e range of

nce Uniformity: The luminance of a given symbol, line, character, o

I generated

background shall not vary more than:

a.

b.

These

1+30% when located within the useful display area, or

1+20% when located within the central 80% of the useful display area.

requirements apply for any luminance control setting.
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4.4.2 Convergence: When a display element is a composite of multiple traces (such as
multiple guns of a shadow mask CRT, or alternate fields of a beam penetration CRT),
the beam centers shall be converged. This convergence value at any point shall be
within the average of the line widths of the respective traces at that point. This
requirement applies over the useful display area for all symbol intensity settings.

When a display element is comprised of two or more closely spaced traces (such as
raster generated symbology) the primary gun beam centers shall be converged. This
convergence value shall be within one display line width or 0.7 milliradians, whichever is

greate
viewing

Innoc
ambigu

4.5 LCD:

Maxim
control
surfaceq
positiol
should
or dyna
width.
appare
same g
appare

4.5.1

Maxim
above
located

installation positions that are closer to the forward-field-of-view ambient lun

asont
need td

Cwhenr viewed fronmwithimthe manufacturer s specifieddesigmeye
envelope.

hse shall misconvergence cause a line, symbol, or charactercolor g
ous.

bm Luminance, Transmissive Displays: With manual and automatic
5 at maximum, the average white symbol lumiihance across the usa
should be at least 257 cd/m? (75 fL) whef’measured from within th
1 viewing envelope in a dark ambient. The maximum white symbol |
be at least 171 cd/m? (50 fL) anywhére on the usable display surfaq
mic conditions. This luminance requirement is based on a 0.6 millir,
L arger line widths and filled areas will require less luminance to pro
nt brightness. Conversely, smaller line widths will require more lumi

nt brightness as a function of line width.
Um luminance required is also a function of the display flight deck Ig
uminance requirement is based on requirements for primary instrun

under the glare shield and are minimum performance requirements

ne glare-shield, may require greater luminance levels for equal read
be-evaluated for basic readability per 4.3.1 and 4.3.2.

osition

r form to be

luminance

ble display
e design eye

puminance

e under static
adians line
ide the same
nance for the

pparent brightness. Referto ARP4256, 4.2.2.1 for additional guidamce on

cation. The
nentation

5. Other
ninance, such
ability and will

4.5.11

Maximum Luminance, Transflective/Reflective Segmented Displays: Transflective or

reflective segmented liquid crystal displays should have the following maximum total
white segment luminance (self-luminance plus reflected illumination with any integral
lighting or gray scale controls set to maximum luminance) when measured from within
the design eye position viewing envelope. These luminance requirements are based
on a 1.2 milliradians line width and are minimum performance requirements. Refer to
ARP4256, 4.2.2.1 for additional guidance on apparent brightness as a function of line
width.
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4.5.11

4.5.1.2

4.5.1.3

(Continued):

NOTE: The total luminance requirements stated above have been deemed sufficient
by pilot evaluations. The cockpit ambient illumination levels which contribute

to these total luminance values, however, are installation depen
depend on cockpit configuration.

dent and

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

adeq
white
0.343
lumin
as a

NOT

Design Eye Position Viewing Envelope Luminaneg’Uniformity (Matrix Dis

Displ
shou
wher

Whe

And:

atety visibte. To achieve acceptabte viewing im dark conditions, th
symbol luminance when measured in a dark ambient should be\no

function of line width.

flight conditions.

py areas of a specified color (excluding.the’dark or OFF state) and

measured from each DEP within the"DEP-VE.
. ; ; ; Lméax-= Lmin
e: Luminance Uniformity = <+%——
mean

Lmax = Maximum'luminance measured anywhere on the utilizg
surfaeefrom each DEP within the DEP-VE

surface from each DEP within the DEP-VE

each DEP within the DEP-VE

minimum
greater than

cd/m? (0.1 fL) for 0.6 milliradians wide lines. A narrower line-¢ould jhave higher
ance. Refer to ARP4256, 4.2.2.1 for additional guidance oncapparent brightness

E: These minimum luminance values have been éstablished for dark-adapted

plays):
uminance

d have a luminance uniformity of less than 0.6 across the utilized d(splay surface

d display

Lmin = Minimum luminance measured anywhere on the utilized display

Kesn = Mean luminance of the utilized display surface as measgured from
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4.5.1.3

4514

452

4521

(Continued):

NOTE: This requirement is comparable to the CRT requirement of £30%.

The measurement technique used to determine Lean Should produce a value as close
as possible to that given by:

L dA

A

wher
sam

View
shou
viewi
to its

Whe

And:

Contra
lumina

under all conditions of cockpit illumination and under all conditions of eye 4

the ext

ng envelope as specified by the equipment manufacturer and with t

5t Ratio (CR):-Fhe contrast ratio (total saturated white luminance/tot

le luminance over the utilized display surface to produce this result

ng Envelope(s) Luminance Uniformity(Matrix Displays); Display are
d not vary more than 0.6 when measured from any eye position wit

maximum gray scale (full-on).

e: FOV Luminance Uniformity = Lmax ~Lmip,

mean

Lmax = Maximum area luminance of a specified area measured
position within each-viewing envelope

Lmin = Minimum area:luminance of a specified area measured
position within' each viewing envelope

Lmean = Mean(area luminance within each viewing envelope

nce) shall-bésufficient to provide a promptly discernible, easy to rea

brnaliisual scene.

Dark

(Eq. 1)

e A is the utilized display surface area. Care should be taken to sufJicientIy

a luminance
hin each
he display set

from any eye

from any eye

al black

d image
ndaptation to

A los $ O 4 Pl P Tla 4 ool ot 4 4+ '
ATTTIVITTIU VUM ast I\alu. T1T1C aveTaytT sdtuldictu wintc CUTTU ast Tal

over the

usable display surface should be a minimum of 20:1 within the design eye position
viewing envelope and 10:1 for any eye position within the entire viewing envelope.
This requirement shall apply to self-luminous displays in a dark ambient or to
transflective/reflective displays subjected to a cockpit illumination of dark ambient up to

1080

lux (100 fc).
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4.5.2.2 High Ambient Contrast Ratio: The average saturated white contrast ratio over the
usable display surface should be a minimum of 3:1 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.

4.5.3 Viewing Envelope(s) Color Tolerance: The color difference between any symbols of the
same color located at any position within the viewing envelope shall not be sufficient to

454

4.5.5

4.5.6

cause
lumina

AT ambiguity oramincorrect identificationof amassignedtotorover
nce range (0.343 cd/m? (0.1 fL) to max brightness saturated whitg)?

Gray Stale: Gray scale luminance level deviations throughout the viewing

not cal

Specul

installe
instrumn

se erroneous or misleading information.
ar Reflections: The total photopic specular reflectivity (in %) of LCD

ent’s viewing envelope should be equal to or-less than the LCD dis

d where specular reflections (direct solar or pilot's\white shirt) are W

the useful

envelope shall

displays
ithin the
blay maximum

white lgiminance times the line width normalizing factor, K, (refer to ARP4256, 4.2.2.1 for

additio

For vie

In addi
preven

of contf

Inactiv

activated, thereshall be no obtrusive difference between the normal backd
luminance, €olor, or texture and the inactivated segments or the area surrg
Contragtratios (between |nact|vated segments and the background) outsid

nal guidance), divided by 100:

K, XL,

Specular Reflectivity (%)< ——L—1&%
p y (%) 100

wing angles of 30° or less:ffom the display normal, and Ly in fL.

I a mirror-like reflection. In no case shall the level of reflectivity and
ast be sufficient to'be hazardously distracting or cause erroneous i

ted Segments: In segmented displays, when segments are not ele

ion, the crispness or.clarity of the reflected image may need to be ¢

(Eq. 2)

egraded to
resulting loss
nterpretation.

ctrically

round

unding them.
e of the range
der a point

source ambient illumination of up to 86 100 qu (8000 fc) result in V|S|b|I|ty of the inactive
segments and should be avoided. In no case where the contrast ratio exceeds the range

of 1to

1.15 shall the data be misleading.

-21-



https://saenorm.com/api/?name=fb199d28d49144f733dab68a016af545

SAE AS8034 Revision A

4.5.7 Response Time: The display response time shall meet the following requirements.

e <60 msec for total range, i.e., sum of full-off to full-on plus full-on to full-off (as
measured from 10% maximum gray level to 90% maximum gray level plus 90% max
to 10% max).

e <200 msec between any intermediate levels of gray with a luminance change of at
least 10%.

e In gddition to the above for subjective evaluation, no tunneling (i.e., dilnming) or
objectionable smearing of critical or essential dynamic symbology-orVideo shall be
obgervable.

e This level of response time performance is required after thetWarm-up period ends,
as fefined in the environment section. During the allowable warm-up period a
degraded level of performance is expected.

Verificgtion Method:
Performance test (optical/time measurement, s€ethe VESA Flat Panel Measurements
Standdrd, Version 2.0, June 1, 2001, section:305.1) and subjective evaluation of
dynam|c symbology, both graphical and tactical video, under normal operating
temperatures.

4.6 Operating Time:

4.6.1 Start-Up: Under standard ambient conditions, a display should present statically correct
and nohmisleading information within 1 minute of the initial turn-on. Full dynamic and
other detailed performanceé requirements should be met within 10 minutes

4.6.1.1 Power Transient’Recovery: For power interruptions up to 200 ms in duration, recovery
time ghould net’exceed 1 second. In no case shall power transients cauge any steady
erroneous/display or output.

46.2 LagTi he format
should not exceed 1 second. The lag between pilot selection of primary flight data and
display of the data should not exceed 0.25 second (reference ARP4102/7, 6.1.3).

4.6.3 Data Update: Display data shall be updated at sufficient frequency to meet symbol
motion (4.2.8.2) requirements. In particular for pitch and roll the update rate should be a
minimum of 15 Hz.
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5. MINIMUM PERFORMANCE STANDARDS UNDER ENVIRONMENTAL CONDITIONS:

To demonstrate compliance with this document, the tests of this section shall be conducted
(where applicable). Unless otherwise specified, the environmental measurement procedures
applicable to a determination of performance under environmental conditions are set forth in
RTCA DO-160D/EUROCAE ED-14D. Performance tests which must be made after
subjection to test environments may be conducted after exposure to several environmental
conditions. The order of tests must be in accordance with paragraph 3.2, of Section 3 of
DO-160D/ED-14D.

5.1 Requirements:
The following requirements shall be met for the environmental conditions as|required in
the applicable paragraph. Compliance may be demonstrated by, testing, analysis or
combination thereof.

5.1.1 Display Characteristics: The display system shall meetthe display characteristics of the
following paragraphs:

a. 4.2[3 Symbol Position Accuracy (External)
b. 4.2|14 Display Drift

c. 4.2|5 Display Line Width

d. 4.2|6 Display Jitter

e. 4.2|7 Display Flicker

f. 4.2|18 Symbol Quality

5.1.2 Lumingnce: The display luminance shall be sufficient for the display to perform its
intended function.

5.1.3 Color: Where multiple colors are used, any change in color shall not causg ambiguous or
erroneous information to be presented.

5.1.4 Color Registration: For multicolor displays, color misregistration shall not cause symbol
color to be ambiguous or erroneous information to be presented.

5.1.5 Response Time: The display response time shall be sufficient for the display to perform
its intended function.

5.1.6 Mechanical Operation: All mechanical devices shall perform their intended function in a
clear and unambiguous manner.
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5.2 Definition of Terms:

The definition of environmental general terms, including temperature stabilization, control,
and test category are given in DO-160D/ED-14D Section 2.

Conditions of Tests:

The equipment connection, air temperature measurement, environmental test condition
tolerances and test equipment requirements are given in DO-160D/ED-14D Section 3.

ture and Altitude Tests (Section 4.0, DO-160D/ED-14D):
mperature Test:
h the display system is subjected to this test, the requirements of 5.

r the environmental temperature conditions, the’manufacturer shall
required to meet full performance.

bmperature Test:

en subjected to the high short-time @perating temperature, the equi
ction both electrically and mechanically.

en the equipment is operated at the high operating temperature, thé
.1 shall be met.

tems which requirgieooling air shall meet 5.1 when subjected to thg
he loss of coolingtest requirements with a cooling air failure.

Test: When subject to this test, the requirements of 5.1 shall be m

pression Test (When Required): When subjected to this test, the re
Il bermet.

| shall be met.

specify the

bment shall

e requirements

temperature

1%

t.

o

quirements of

53
5.4 Temperg
54.1 Low-Te
5411 Whe
5.41.2 Unds
time
5.4.2 High-T
a. Wh
fun
b. Wh
of §
C. Sys
of t
5.4.3 Altituds
5.4.4 Decom
5.1 shs
5441

Decompression: When installed in accordance with the equipment manufacturer's

instructions, the equipment shall function and not be adversely affected following
exposure to the decompression test conditions of DO-160D/ED-14D, paragraph 4.6.2.
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5.4.4.2 Outgassing: The instrument shall be so designed as to safeguard against hazards to
the aircraft and crew, and/or malfunction of the instrument due to outgassing of
organic or inorganic compounds when subjected to the altitude conditions of
DO-160D/ED-14D, paragraph 4.6.

5.4.5 Overpressure Test (When Required): When the equipment is subjected to this test, the
requirements of 5.1 shall be met.

5.5

5.6

5.6.1

5.6.2

5.7 Shock Tests (Section 7.0, DO-160D/ED=14D):

5.8

5.9

Temperature Variation Test (Section 5.0, DO-160D/ED-14D):

When th

Humidity| Test (Section 6.0, DO-160D/ED-14D):

After bei

Within

of performance which indicates that no significant failures of components ¢

have o

Within
met.

a. After
bem

b. After

mour

Vibration Tests (Section 8.0, DO-160D/ED-14D):

a. Whe

visugl characteristics to the extent that it presents misleading or erroneo

b equipment is subjected to this test, the requirements of 5.1 shall®

g subjected to this test, the following shall apply:
15 minutes after primary power is applied, the equipment shall oper
ccurred.

4 hours after primary power is applied; the requirements of Section

being subjected to the gperational shock test, the requirements of §
et

e met.

ate at a level
r circuitry

4 shall be

bection 4 shall

being subjected-to-the crash safety shocks, the equipment shall remain in its
ting and no parts of the equipment or its mounting shall have becoimne detached.

N subjected to this test, the display shall not distort either dimensionglly or in

s information.

b. At the conclusion of vibration testing, the requirements of Section 4 shall be met.

Explosion Test (When Required) (Section 9.0, DO-160D/ED-14D):

During this test, the equipment shall not cause detonation of the explosive mixture within
the test chamber.
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5.10 Waterproofness Test (When Required) (Section 10.0, DO-160D/ED-14D):

After being subjected to this test, the requirements of Section 4 shall be met.

5.11 Fluids Susceptibility Test (When Required) (Section 11.0, DO-160D/ED-14D):

After being subjected to this test, the requirements of Section 4 shall be met.

5.12 Sand and Dust Test (When Required) (Section 12.0, DO-160D/ED-14D):

After bei
glass sul

5.13 Fungus f
After bei
5.14 Salt Sprg
After bei
5.15 Magnetidg

When th
DO-160L

5.16 Power In
As a min
ED-14D
through |
applicati

5.16.1 Norma

Ng subjected to this test, the requirements of Section 4 shall be mét
faces may be covered during the sand and dust test.

Resistance Tests (When Required) (Section 13.0, DO-160D/ED-14L

Ng subjected to this test, the requirements of Section 4 shall be met
y Test (When Required) (Section 14.0, DO-160D/ED-14D):

Ng subjected to this test, the requirements‘of Section 4 shall be met
Effect Test (Section 15.0, DO-16Q0D/ED-14D):

b equipment is subjected to this:test, it shall meet the requirements
D/ED-14D for the category. of installations for which it is intended.

put Test (Section 16.0; DO-160D/ED-14D):

mum, the display;shall meet the requirements of Section 16.0 of D
for power intetruptions. Note, however, that the requirements for op
power interfuptions specified in Section 16 may not be sufficient for
bns, spegcifically during critical phases of flight.

Operating Conditions: When the equipment is subjected to this tes

requirel

External

D-160D/
erating
some display

t, the

ments of Section 4 shall be met.

5.16.2 Abnormal Operating Conditions: When the equipment is subjected to these conditions, it
shall continue to operate after being turned on. Degradation of performance is tolerable
providing ambiguous, erroneous, or unsafe information is not displayed and that the
equipment will return to normal operation when the power is returned to normal
operating conditions.
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5.17 Voltage Spike Conducted Test (Section 17.0, DO-160D/ED-14D):

5.17.1 Category A Test: After testing to Category A test requirements, if applicable, the
equipment shall meet the requirements of Section 4.

5.17.2 Category B Test:

a. Following the application of Intermittent Transients, the requirements of Section 4
shall be met.
b. During the application of Repetitive Transients, the display may disterftjmomentarily,
however, critical data must be readable and not hazardously misleading.
5.18 Audio Frequency Conducted Susceptibility Test (Section 18.0, DO3160D/EDr14D):
The display shall not distort either dimensionally or in visual:characteristics tp the extent

that it pr¢sents ambiguous or erroneous information.

5.19 Induced

The disp

that it pr¢sents ambiguous or erroneous information.

5.20 Radio Fr

DO-160(

After bei
The testy
manufac
where th
levels for
shall not
presents
acceptal

misleadipgpprimary flight data, and operation should be quickly recoverable :

Signal Susceptibility Test (Section 19.0, DO~1+60D/ED-14D):

ay shall not distort either dimensionally or in visual characteristics t

bquency Susceptibility Test (Radiated and Conducted) (Section 20.
D/ED-14D):

g subjected to this test, the equipment shall meet the requirements
levels from DO-160D/ED-14D Section 20 shall be specified by the
furer. The levels-should be consistent with those expected in the air
e equipment and“wiring will be installed. Additional guidance on selg

distort either dimensionally or in visual characteristics to the extent
ambiguous or erroneous information. The equipment manufacturer
le petformance. For example, Type | displays should not display hz

D the extent

(=]

of Section 4.
equipment
craft locations
bcting test

installationsis given in ARP5583. During application of the tests, the display

that it
shall define
zardously

hfter

exposure. Note: As an installation requirement for critical functions with multiple systems,
loss of a system or systems during exposure of the aircraft to High Intensity Radiated
Fields (HIRF) shall not result in permanent loss of the function. After the aircraft is
exposed to HIRF, each affected system that performs these functions shall automatically
recover normal operation, unless this conflicts with other operational or functional
requirements of that system. For Type Il, lll and IV displays, equipment fault or loss of
display may be acceptable as long as normal operation is recovered in a timely manner
with no pilot action required.
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5.21

5.22

5.23

5.24

5.25

5.26

Emission of Radio Frequency Energy Test (Section 21, DO-160D/ED-14D):

When the equipment is subjected to this test, it shall meet requirements for the
appropriate category as specified by the manufacturer.

Lightning Induced Transient Susceptibility (Section 22, DO-160D/ED-14D):

After being subjected to this test, the equipment shall meet the requirements of Section 4.
The tests levels from DO- 160D/ED 14D Sectlon 22 shaII be specmed by the equipment
manufacfur er Tt aifcraft locations
=ct|ng test

n of the tests,
igment

lays should
not display hazardously misleading primary flight data, and operation should| be quickly
recoveraple after exposure.

NOTE: [As an installation requirement for critical functions with multiple systems, loss of
a system or systems during exposure of the aircraft to lightning shall not result in
permanent loss of the function. After the.aircraft is exposed to lightping, each
affected system that performs these functions shall automatically r¢cover normal
operation, unless this conflicts with-other operational or functional requirements
of that system. For Type Il, lll and\1V displays, equipment fault or Igss of display
may be acceptable as long asihormal operation is recovered in a timely manner
with no pilot action requiregd:

Lightning Direct Effects (When Required) (Section 23, DO-160D/ED-14D):

After beihg subjected to thistest, the equipment shall meet the requirementg of Section 4.
This secftion is not applicable to display systems installed inside the aircraft.

Icing (When Required) (Section 24, DO-160D/ED-14D):

This sectionsisinot applicable to display systems installed inside the aircraft.

Electrostatic Discharge (ESD) (Section 25, DO-160D/ED-14D):
After being subjected to this test, the equipment shall meet the requirements of Section 4.
X-ray Radiation:

The display system should be so designed as to safeguard against hazard to the aircraft
and crew due to X-ray radiation. Radiated energy measured 5 cm (2.0 in) from the unit
surface in the direction of the design eye, in a worse case operating condition, shall not
exceed 0.1 milliroentgen per hour as measured in accordance with procedures specified in
EIA-503-a. X-ray radiation analysis may be submitted in lieu of testing.
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5.27

5.28

5.29

5.30

UV Radiation:

Radiation emitted by display systems shall not result in radiation falling on exposed skin or

eyes exceeding the following values:

a. In the wavelength from 200 to 315 nm: 0.05 x 10° W/cm?

b. In the wavelength from 315 to 400 nm: 0.05 x 10 W/cm?

uv radiarrﬂ'ﬁ—ﬂ_t_'ﬁ_l_l_m\mn shall'be measured using a Radiometer positioned as close 1o the display unit
is feasible. UV analysis may be submitted in lieu of testing.

Fogging (Hermetically Sealed or Desiccated Display Units Only):

The disp|ay unit, while operating, shall be exposed to the high operating am
temperafure for a minimum of 30 minutes. While at this température, the ext
the cover glass shall be reduced to a temperature of nottmere than 20 °C. N
other material shall be deposited on the internal face ofithe cover glass or fil

Thermal |Shock (When Required):

The opetating unit shall be subjected to ambient temperature extremes betw
operating temperature (5.4.2) and the low-eperating temperature (5.4.1) with
of damage or operating failure. The unit:shall operate in a high temperature

at the high operating temperature untilthe unit temperature stabilizes. At the
time peripd, the unit shall be transferred, as rapidly as possible but in no mo
5 minutep, to a cold chamber with an internal chamber temperature at the lo
temperafure. The unit shall.eentinue to operate at this low temperature until

temperafure stabilizes, but.the stabilization time shall not exceed 1 hour.

Dielectri¢ Test:

After completion.of all other qualification tests, the display system must mee
dielectriq test--Any internal and/or external components or wires connected

bient

brnal face of
o moisture or
ler.

een the high
out evidence
est chamber
end of this
re than

W operating
the unit

t the following
etween the

circuits gnd’equipment case shall be disconnected. The insulation resistancq

e measured at

a minimum of 200 V DC for 5 seconds shall not be less than 5 megohms.
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6. TEST PROCEDURES:

6.1

6.2

6.3

Test Conditions:

Where not otherwise defined by applicable FARs, display system sampling required to

demonstrate compliance with the requirements of this document shall be determined by
the manufacturer. The complete systems shall meet the requirements of the
manufacturer’s recommended test procedure before qualification testing is started.

Unless off

shall be
ARP178

Ambient
When te
substant
variation

Power C

Except a

ETWISE Speciiied below, equipment meeting the requirements o
ested under the conditions specified in Section 3 of RTCA documeé
P and/or sections of this document.

Room Conditions:

5ts are conducted with the atmospheric pressure of:temperature val
ally different from those specified in DO-160D, allowance shall be n

s

D.
pnditions:

I5 otherwise specified herein, all tests shall be conducted at the pow

(supplied voltage, frequency, etc.) recommended by the manufacturer.

7. GLOSSARY OF TERMS:

7.1

7.2

7.3

7.4

Ambient

Background:

Backgrolind other than generated background i.e. the optically off state of th

Ambigudus or Erroneous Information:

Informati

on that\is capable of being understood in a different sense than inte

Ris standard

nt DO-160D,

ues
hade for these

er rating

e display.

nded.

Central §0% of Useful Display Area:

Area within the locus of points 80% of the distance from display center to the edge of the
useful display area.

Chromat

icity:

A measure of the hue and purity of a color; it is defined as x,y (CIE 1931), or u’,V’
(CIE 1976) coordinates (reference ARP4260).
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7.5 Color Banding (Matrix):
Nonuniform distribution of color within a line or symbol (see Figure 1).

~_~Magenta Bands.__ -

/L /7 2

White Line

FIGURE 1
7.6 Color Fripging (Matrix):

Color distortion along the edge of a line or symbol due to.the interaction of line or symbol
orientatign with pixel pattern geometry (see Figure 2).

Red Fringe

/

Whitekine

FIGURE 2

7.7 Contrast[Ratio (CR):

CR:h
Lb

Lt is the ‘otal luminance of the symbol or image, including any transmitted and reflected
light as measured in the specified lighting conditions. Ly, is the luminance of the

background, or dimmer area, including any transmitted and reflected light and any stray
display emissions measured in the specified lighting conditions. See ARP1782 for a full
discussion on this and related definitions.

7.8 Crosstalk:

Unwanted luminance modulation in display elements which is caused by the cross
coupling of electrical signals addressed to other elements or rows, columns, or blocks of
other elements.
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