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1. SCOPE

This SAE Aerospace Standard (AS) specifies minimum performance standards for airborne binocular Head-Up Displays
(HUDs) in fixed wing (14 CFR part 23, 25) aircraft; while this document is also applicable to rotorcraft (14 CFR part 27, 29)
additional performance standards may be required for rotorcraft. This aerospace standard covers basic display standards,
but does not include specific application requirements. Specific applications can include flight instrumentation, navigation,
engine and system status, alerting, surveillance, communication, terrain awareness, weather, enhanced vision, synthetic
vision and other displays.

This document covers criteria for conformal and non-conformal HUD systems that are intended for use in the flight deck by
the pilot or copilot. Display minimum performance characteristics are specified for standard and other environmental
conditions for the purpose of product qualification.

This document does not address sensor imaging systems, displays worn by the pilot (goggles, helmet mounted displays)
or specific symbology to be displayed.

This document is intend

Technical Standard Ord
guidance material. Thig|

2. REFERENCES

The documents listed i
standards or requiremsd
documents listed in 2.2
document.

2.1 Applicable Docun
The following publicatior

Standard. The latest iss
versions. In the event @

ed to be used in combination with other guidance material contained.in
ers (TSOs), Advisory Circulars (ACs), and other Federal Aviation Admini
SAE Aerospace Standard can be applicable to HUDs used across:multipl

h 2.1 are regulations, requirements, or recommended, practices and n
nts. These documents are invoked by this document only to the exter

current system specific,
stration (FAA)-approved
P aircraft types.

Dt necessarily minimum
t specified herein. The

are provided for information purposes only and>do not form a part of the requirements of this

ents

s form a part of this document only ta the extent specified within the require
ue of all SAE publications shall apply except in cases where referring doc
f conflict between the text of this document and references cited herein, t

takes precedence. Notling in this document, howeyer, supersedes applicable laws and regul

exemption has been obt
2.1.1 SAE Publicatiorn

Available from SAE Inte
and Canada) or +1 724
ARP5583A Guide t

212

ained.
S

Fnational, 400 €ommmonwealth Drive, Warrendale, PA 15096-0001, Tel: 87|
776-4970 (outside USA), www.sae.org.

ments of this Aerospace
uments call out specific
he text of this document
htions unless a specific

7-606-7323 (inside USA

b Certification of Aircraft in a High-Intensity Radiated Field (HIRF) Environment

ications

Regulatory Pub

FAA AC-() documents are available from the U.S. Department of Transportation, Subsequent Distribution Office, Ardmore
East Business Center, 3341 Q 75th Avenue, Landover, MD 20785, Tel: 301-322-4961, or www.faa.gov

“14 CFR” documents may be purchased from the U.S. Department of Transportation, Subsequent Distribution Office,
Ardmore East Business Center, 3341 Q 75th Avenue, Landover, MD 20785, Tel: 301-322-4961, www.faa.gov

“TSO” documents are available from the U.S. Department of Transportation, Subsequent Distribution Office, Ardmore East
Business Center, 3341 Q 75th Avenue, Landover, MD 20785, Tel: 301-322-4961, or www.faa.gov

“JAR” documents may be purchased from European Aviation Safety Agency, Postfach 10 12 53, D-50452 Koeln, Germany,

Tel: +49-221-8999-000,

www.easa.eu.iny/home/rg_certspecs.html



http://www.sae.org/
http://www.faa.gov/
http://www.faa.gov/
http://www.easa.eu.iny/home/rg_certspecs.html
https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00
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Advisory Circular 20-136B Aircraft Electrical and Electronic System Lightning Protection

Advisory Circular 20-158 Certification of Aircraft Electrical and Electronic Systems for Operations in the High-Intensity
Radiated Fields (HIRF) Environment

Advisory Circular 25-11A Transport Category Airplane Electronic Display Systems
Advisory Circular 23.1309-1D System Safety Analysis and Assessments for Part 23 Airplanes
Advisory Circular 25.1309-1A System Design Analysis

14 CFR 2X.562 Emergency Landing Dynamic Conditions
23.562(b) (5); 25.562(c) (5); 27.562(c) (5); 29.562(c) (5)

14 CFR 2X.853 Compartment Interior

14 CFR 25.869 Fire Profection: System

14 CFR 2X.1309 Equipment, Systems, and Installation
23.1309; 25.1309; 27.1309; 29.1309

2.1.3 RTCA/EUROCAE Publications

RTCA publications availpble from RTCA, Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20036, Tel: 202-833-9339,
Www.rtca.org.

EUROCAE publications|available from EUROCAE Secretariat, 102.ru€’Etienne Dolet, 92240 Malakoff, France, Tel: +33 1
40 92 79 30, www.eurodae.net.

RTCA DO-160G/EUROCAE ED-14G  Environmental Conditions and Test Procedures for Airborne Equipment
2.1.4 CIE (Commissign Internationale de I'Eclairage)\RPublications
Available outside of the J.S. from CIE Central Bureau, Babenbergerstrasse 9/9A, 1010 Vienna, Apstria, Tel: +43 1 714 31
87, www.cie.co.at and [inside the U.S. from WUnited States National Committee of the Commission Internationale De
L'Eclairage, Radiometri¢ Physics Division, National Bureau of Standards, Washington, DC 20234.

2.1.5 Electronic Indugtry Association(EIA) Publications

Available from Availablelfrom Electronic Component Association (ECA), 2500 Wilson Boulevard, Arflington, VA 22201-3834,
Tel: 703-907-7500, wwwy.eia.orgd;,

EIA-503-A Recommended Practice for the Measurement of X-Radiation from Direct{View Television Tubes

2.2 Related Publications

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

2.2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

ARP1161 Crew Station Lighting — Commercial Aircraft

ARP1782 Photometric and Colorimetric Measurement Procedures for Airborne Direct View CRT Displays


http://www.rtca.org/
http://www.eurocae.net/
http://www.cie.co.at/
http://www.eia.org/
http://www.sae.org/
https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00
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Objectives for CRT Displays for Part 25 (Transport) Aircraft

eck Layout and Facili

eck Panels, Controls, and Displays

Electronic Displays

eck Head-Up Displays
eck Lighting for Commercial Transport Aircraft

ations, Acronyms, and Terms for Use on the Flight Deck

Human Engineering Considerations in the Application of Color to Electronic Aircraft Displays

ARP1874 Design

ARP4032

ARP4101 Flight D
ARP4102 Flight D
ARP4102/7

ARP4102/8 Flight D
ARP4103 Flight D
ARP4105 Abbrevi
ARP4155 Human
ARP4256 Design

ARP4260 Photom
AIR4742 Display
ARP5287 Optical

AS8034

2.2.2 Regulatory Pub

Interface Design Methodology for Integrated Display Symbology
Objectives for Liquid Crystal Displays for Part 25 (Transport) Aircraft

etric and Colorimetric Measurement Procedures for Airborne‘Electronic Fl
Characteristics of FDI Head-Up-Guidance System As¢Approved for the B-

[Measurement Procedures for Airborne Head Up Bisplay (HUD)

Minimum Performance Standard for Airborne Multipurpose Electronic Displays

ications

FAA AC-() documents are available from the U.S. Department of Transportation, Subsequent Dis

East Business Center, 3

341 Q 75th Avenue, Landover,MD 20785, Tel: 301-322-4961, or www.faa

“14 CFR” documents mpay be purchased from the/U.S. Department of Transportation, Subseq

Ardmore East Business

“TSO” documents are a
Business Center, 3341

“JAR” documents may b
Tel: +49-221-8999-000,

Center, 3341 Q 75th Avenue, Landover, MD 20785, Tel: 301-322-4961, w

ailable from the U.S. Department of Transportation, Subsequent Distributi
D 75th Avenue,'Landover, MD 20785, Tel: 301-322-4961, or www.faa.qgov

e purchased from European Aviation Safety Agency, Postfach 10 12 53, D
www.easa.eu.iny/home/rg_certspecs.html

FAA Advisory Circular 2

ht Panel Displays

727 Airplane

ribution Office, Ardmore
1.JOV

uent Distribution Office,
ww.faa.gov

on Office, Ardmore East

50452 Koeln, Germany,

3:4309-1D

System Safety Analysis

and Assessments for Part 23 airplanes

FAA Advisory Circular 23.1311-1B Installation of Electronic Display Instrument Systems in Part 23 Airplanes

FAA Advisory Circular 2

FAA Advisory Circular 2

5.773.1 Pilot Compartment Design Considerations

9.773-1 Pilot Compartment View

FAA Advisory Circular 120-28D Criteria for Approval of Category Il Weather Minima for Takeoff, Landing and Rollout

FAA Advisory Circular 120-29A Criteria for Approving Category | and Category Il Landing Minima for FAR 121 Operations


http://www.faa.gov/
http://www.faa.gov/
http://www.easa.eu.iny/home/rg_certspecs.html
https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00
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14 CFR Part 23 Airworthiness Standards: Normal, Utility, Acrobatic, and Commuter Category Airplanes

14 CFR Part 25/JAR Pa

rt 25 Airworthiness Standards: Transport Category Airplanes

14 CFR Part 27 Airworthiness Standards: Normal Category Rotorcraft

14 CFR Part 29 Airworthiness Standards: Transport Category Rotorcraft

14 CFR 25.581 Lightning Protection

14 CFR 2X.773 Pilot Co
23.773; 25.773; 27.773;

mpartment View
29.773

14 CFR 2X.1301 Function and Installation
23.1301; 25.1301; 27.1301; 29.1301

14 CFR 2X.1303 Flight
23.13083; 25.1303; 27.13

14 CFR 23.1311 Electra

14 CFR 25.1316 System Lightning Protection

14 CFR 2X.1321 Arrang
23.1321; 25.1321,; 27.13

14 CFR 2X.13xx High-ir
23.1308; 25.1317; 27.13

JAR-HUDS-901 Catego
JAR-HUDS-902 Catego
JAR-HUDS-903 Head U
TSO-C113 Airborne Mu
2.2.3 RTCA/EUROCA

RTCA publications avalil
www.rtca.org.

EUROCAE publications

hnd Navigation Instruments
03; 29.1303

nic Display Instrument Systems

ement and Visibility
21;29.1321

tensity Radiated Fields (HIRF) Protection
17; 29.1317

['y 3 Operations with a Head Up Display
r'y 2 Operations with a Head Up/Display
p Displays

tipurpose Electronic Displays

E Publications

bble fromRTCA, Inc., 1150 18th Street, NW, Suite 910, Washington, DC 20

40 92 79 30, www.eurocae.net.

RTCA DO-178B/EUROCAE ED-12B

2.2.4 CIE (Commission Internationale de I'Eclairage) Publications

036, Tel: 202-833-9339,

available from EUROCAE Secretariat, 102 rue Etienne Dolet, 92240 Malqlkoff, France, Tel: +33 1

Software Considerations in Airborne systems and equipment Certification

Available outside of the U.S. from CIE Central Bureau, Babenbergerstrasse 9/9A, 1010 Vienna, Austria, Tel: +43 1 714 31
87, www.cie.co.at and inside the U.S. from United States National Committee of the Commission Internationale De
L'Eclairage, Radiometric Physics Division, National Bureau of Standards, Washington, DC 20234.

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


http://www.rtca.org/
http://www.eurocae.net/
http://www.cie.co.at/
https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00
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2.2.5

U.S. Government Publications

Copies of these documents are available online at http://quicksearch.dla.mil.

MIL-HDBK-87213

MIL-STD-1787B

MIL-STD-1295A

MIL-STD-810

2.2.6

Military Handbook: Electrically/Optically Generated Airborne Displays

Military Standard: Aircraft Display Symbology

Military Standard: Human Factors Engineering Design Criteria for Helicopter Cockpit Electro-
Optical Display Symbology (Cancelled)

Military Standard: Environmental Test Methods and Engineering Guidelines

Other Publications

Human Factors Issues i
2.3 Definitions

Definitions used in this ¢
The word "shall" is used

The word "should" is u
justification.

The word “must” is used
3. GENERAL REQUIR

3.1 Material

N Head-uUp Display Design:

I'ne booK or HUD"; SOAR CSERIACU 92-Z2 Vg

ocument shall be as noted in the Glossary of Terms defined in-Section 7.

to express an essential requirement where compliance is mandatory.

5ed to express a recommendation.

Deviation from¢the specified recom

to express an essential (mandatory) requirenient that is required by a sps

EMENTS

Material shall be of a gdiality which experience and/or-tests have demonstrated to be suitable an

aircraft instruments.
3.2 Workmanship

Workmanship shall be
practices.

3.3 Components Con

If a display system co

consistent withihigh quality aircraft electromechanical and electronic in

patibility.

Mmpohent is individually acceptable but requires calibration adjustment

y 1992

mendation shall require

cific regulation.

d dependable for use in

strument manufacturing

5 or matching to other

components in the aircraft for proper operation, the component shall be identified in a manner that will ensure performance
to the requirements of this document.

3.4 Interchangeability

Display system components which are identified with the same manufacturer part or model number shall be completely

interchangeable.

3.5 Accessibility of Adjustments and Controls

Calibration adjustments which are not normally made in flight shall not be readily accessible to flight personnel when the
equipment is installed in accordance with the equipment manufacturer's instructions.

The arrangement of the HUD operational controls shall ensure that they are visible to, identifiable and usable by the pilot
from his normal seated position. The arrangement and/or type of the controls should preclude inadvertent operation.


http://quicksearch.dla.mil/
https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00
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3.6 Self-Test Capability

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

In-flight, self-test activation features which are interruptive to the system shall include a means to inform the pilot or
appropriate flight crew member of this mode of operation.
3.7 Effect of Tests

The application of all prescribed in-service testing shall not produce a subsequent condition which would be detrimental to

the continued performance of the equipment.

3.8 Malfunction and F

ailure Indications

3.8.1 Malfunction Indi

Means shall be provideq
or an “X” across a blank

3.8.2 Power Failure Iy

Means shall be providedl to indicate when electrical power (voltage and/ or current of all required

for proper operation of t
3.8.3 Fail Safe Provis|

No single failure or m
equipment.

Unsafe conditions ir
design assurance l¢

A System Safety As
SSA shall include an

and Software, the rg¢sults of the SSA may-require that a Failure Modes and Effects Analysis

identify, isolate, and

ARP4761 Table 1 s
Assurance Levels fa

3.9 Multiple Mode or

ation

display are examples of acceptable means of indicating failure.

dication

ne equipment. A blank display is an example of acceptable means of indig
on

hlfunction of the HUD system shall introduce unsafe conditions to as
clude the probability of failure of the article that could lead to an unsafe cq
vel.

sessment (SSA) shall be performed on the equipment being submitted for
y probable failure conditions of the article. Depending on the hazard classifi

mitigate individual failures.

hows a means'of evaluating the failure condition severity as related to P
r components and systems in aircraft.

Cunction Indications

to indicate HUD system malfunctions or failures to the appropriate-Crew miember. A blank display

phases) is not sufficient
ating failure.

sociated interconnected

ndition, based upon the

TSO authorization. The
cation for both Hardware
FMEA) be performed to

obability Objectives and

When a HUD has more

3.10 Identification

than one operational display mode, each mode shall be indicated by the H

uD.

The following information shall be legible and permanently marked on the equipment or nameplate attached thereto:

a. Name of equipment
b. Manufacturer's part
c.

d. ASB8055A or equival

number

Manufacturer's serial number or date of manufacture

ent approval identification


https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00

SAE INTERNATIONAL AS8055A Page 11 of 36

e. Manufacturer's name or trademark

f.  Weight to the nearest 0.05 kg (tenth of a pound)
g. Environmental categories per DO-160G/ED-14G
3.11 Display

The information being displayed should functionally conform to the applicable SAE Aerospace Recommended Practice or
other standards as appropriate.

3.11.1 Discernibility

Means shall be incorporated to prevent obscuration or confusion of task essential information. Task essential information
shall be identified and defined by the applicant (e.g., typically by the manufacturer or OEM).

3.11.2 Critical Informatlon

Means shall be providef to inform the pilot if critical data normally displayed on the HUDB s invalid. For display function
criticality and the criticallty of hazardously misleading primary flight data, refer to AC 25-11A.

3.11.3 Information Limijt Indication
A means shall be provided to identify when critical information exceeds the display format functiongl limits.
3.11.4 Scale Indications
The display scaling, grafluations, and numeration shall be appropriate for the level of reading accuracy and dynamic range
required (e.g., familiar ynits of measure are not as significant @s' the values and may be a smaller font, but still must be
discernible).

3.11.5 Ambiguity
Means shall be provided to prevent ambiguous indications within the operating range of the equipient.

3.12 Resistance to Dugt and Moisture

Optics shall be designed to prevent cantamination of internal surfaces by dust or moisture undg¢r all operating and test
conditions including the [low temperature and fogging tests of this document.

3.13 Mechanical Hazatd Systém*Protection

Within the environmental‘eonstraints of this document, the HUD system shall be designed such that no hazard will result
from implosion, or other mechanical Tailures. When the HUD combiner 1S stowed, the combiner shall be designed such that
it cannot be inadvertently deployed.

3.14 Fire Resistance

Except for small parts (e.g., fasteners, grommets, knobs, seals, small electrical 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 14 CFR 2X.853 and 25.869 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.

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.


https://saenorm.com/api/?name=9f9db979f498c469d9a3bfcbca0a3e00
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3.16 Lighting

Per regulation 14 CFR 2X.1543, all instrument markings shall be clearly visible to the appropriate crewmember. All display
and control labels and markings shall be clearly visible and easily readable in all flight deck lighting conditions, without
requiring external lighting.

When integral lighting is provided, all indices within the required viewing envelope shall be viewable under normal flight
deck lighting conditions.

3.17 Flight Guidance Performance
If the HUD displays command guidance, it shall not cause sustained nuisance oscillations, undue attitude changes or

excessive control activity (resulting from configuration, power changes, or any other disturbance to be expected in normal
operation), when followed by the pilot.

3.18 Visual Obstructions

The HUD should not hale drive electronics or supporting structure that is so intrusive so as\to bldck the outside view to a
hazardous degree.

4. MINIMUM PERFORMANCE STANDARDS UNDER STANDARD CONDITIONS
The manufacturer shall ¢gonduct sufficient tests to prove compliance with this Aerospace Standard. [The applicable standard
test conditions are givén in RTCA DO-160G/EUROCAE ED-14G. Applicable measurement pfrocedures are given in
ARP5287, Optical Meaqurement Procedures for Airborne Head Up Displays; however, they should not be considered the
only acceptable methodg for optical testing of airborne HUD.

4.1 Equipment Functipns and Mechanical Operation

Equipment shall display information with contents as specified by the appropriate standard document. All equipment
functions and mechanicgl devices shall perform their intended function.

4.1.1 Start-Up

Under standard ambien{ conditions, a display shall present statically correct and nonmisleading information within 1 minute
of receiving valid data. Full dynamic and other detailed performance requirements should be met within 10 minutes.

4.1.2 Power Transient Recovery

For power interruptions|up to 200 ms in duration, recovery time should not exceed 1 second. |In no case shall power
transients cause any erfoneoustdisplay or output after the recovery time (see also section 16 of DP-160G/ED-14G).

4.1.3 LagTime

The lag time between pilot selection of a format and display of the 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 seconds (reference ARP4102/7, 6.1.3).

4.1.4 Data Update

Display data shall be updated at sufficient frequency to meet symbol motion (4.2.11) requirements. In particular, for pitch
and roll the update rate should be a minimum of 15 Hz.

4.2 Display Characteristics

The following requirements apply to the HUD in its installed position and as viewed under all flight deck lighting conditions
from the HUD Eye Reference Point. The following subparagraphs do not include the effects of sensor errors or noise.
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4.2.1 HUD Display Viewing Angles

There are four distinct field-of-view (FOV) characteristics which shall be specified to fully describe the characteristics of the
angular region over which the virtual HUD display is visible. These FOV characteristics are the total FOV, the instantaneous
FOV (IFOV), the binocular overlapping FOV, and the instantaneous monocular FOV. These FOV characteristics shall be
specified by the HUD manufacturer and shall be consistent with the intended function of the HUD. The amount of vertical
and horizontal head movement needed to see the total FOV should not cause excessive pilot workload or discomfort.
4.2.2 HUD Eyebox

The HUD Eyebox is a three-dimensional volume of a size and shape that is specified by the HUD manufacturer in which
certain optical performance requirements are met. From all points within the HUD Eyebox, a minimum monocular FOV shall
be visible. The minimum monocular FOV should include the center of the FOV and shall be specified by the manufacturer.

The minimum size of the HUD Eyebox should be:

Lateral: 76.2 mm (3.0 in
Vertical: 50.8 mm (2.0 i
Longitudinal: 101.6 mm

The lateral and vertical
(0.25 inch) entrance ape
which the requirement o
constraints. The Eyebo
possible, the HUD Eye

HUD Eyebox shall contain the flight deck Design Eye Position. When the HHUD Eye Reference Po

the flight deck Design E|
overlapping field of vie
rectangular, but shall t
graphically shows an ex
Eyebox.

ches)
ches)
(4.0 inches)

dimensions represent the total movement of a monocular viéwing inst
rture (pupil). The HUD Eyebox longitudinal dimension repreSents the tota
f this specification are met. The Eyebox size should be maximized consist
size may ultimately constrain the placement of the symbology in some
Reference Point should be coincident with the flightdeck Design Eye Pos
ye Position, the above stated minimum Eyebox‘dimension may not be suf

ptally contain the volume of the minimumiHUD Eyebox defined in this

96-247 REV

v with head motion should be minimized. ~The HUD Eyebox volume i$

ument with a 6.35 mm
fore-aft movement over
ent with other flight deck
applications. Whenever
tion. As a minimum, the
nt is not coincident with
icient. Loss of binocular
not constrained to be
specification. Figure 1

ample where the minimum HUD Eyebox-is wholly contained within the manufacturer’s stated HUD

2 05-01-98

DIMENSIONS IN mm [inches].

7

e?

.8
[2.9) Dow
/’ \ /’/
= s Rt TYPICAL HUD
- EYE BOX

COCKPIT DESIG

=1

EYE POSITION

MINIMUM HUD EYE
BOX REQUIRED
(MUST CONTAIN COCKPIT
DESIGN EYE POSITION)

Figure 1 - Minimum HUD eyebox
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4.2.3 Symbol Positioning Accuracy (External)

External Symbol Positioning Accuracy, or Display Accuracy, is a measure of the relative conformality of the HUD display
with respect to the real world view seen through the combiner and windshield from any eye position within the HUD Eyebox.
Display Accuracy is a monocular measurement, and, for a fixed field point, is numerically equal to the angular difference
between the position of a real world feature as seen through the combiner and windshield, and the HUD projected
symbology.

The total HUD system display accuracy error budget (excluding sensor and windshield errors) includes installation errors,
digitization errors, electronic gain and offset errors, optical errors, combiner positioning errors, errors associated with the
CRT and yoke, misalignment errors, environmental conditions (i.e., temperature and vibration), and component variations.
Optical errors are both head position and field angle dependent and are comprised of three sources: uncompensated pupil
and field errors originating in the optical system aberrations, image distortion errors, and manufacturing variations. The
optical errors are statistically determined by sampling the HUD FOV and Eyebox. (See 4.2.10 for a discussion of field of
view and Eyebox sampling.) The optical errors shall represent 95.4% (2 sigma) of all sampled points.

The display accuracy e
characterized as the ro
across the display field
accuracy errors for a co

HUD Boresight

< 10 degree diameter
< 30 degree diameter
> 30 degree diameter

The HUD manufacturer

In no case shall the disp
the HUD.

4.2.4  Symbol Positior]
Symbols which are inte
Symbols which are not i

data.

4.2.5 Display Drift

rors are characterized in both the horizontal and vertical planes. Total'd
pt-sum square (RSS) errors of these two component errors. All display e

nformal HUD as measured from the HUD Eye Reference Point;

<17’ 117 (5.0 mrad)

<25 47" (7.5 mrad) (2 Sigma)

<34’ 23" (10.0 mrad) (2 Sigma)

< 34’ 23" + kd[(FOV)(in degrees) - 30]
(10 mrad + kr[(FOV)(in degrees) - 30)]
(2 Sigma)

kd = 0’ 43" of error per degree of FOV

kr = 0.2 mrad of error per degree of FOV
FOV = Field of view in degrees

shall specify the maximum allowable installation error.

ay accuracy error tolerances/cause hazardously misleading data to be pres

ing Alignment

hterpreted relative to each other may overlap but shall not cause erroneous

splay accuracy shall be
rrors shall be minimized

of view consistent with the intended function of the HUD. The fallowing dre the allowable display

ented to the pilot viewing

preted relative-to each other shall be aligned to preclude erroneous interfpretation of information.

interpretation of display

Dimensional and positional stability of display system presentations shall be sufficient to ensure the requirements of 4.2.3
are met. Drifts shall in no case cause an erroneous interpretation of the information presented.

4.2.6 Line Width

When viewed from any point in the HUD Eyebox, unless specifically enhanced, the symbol line width shall be less than
2 mrad when measured at the 50% intensity points with symbol luminance set at maximum. The symbol line width shall be
greater than 0.5 mrad when measured at the 50% intensity points with symbol luminance set at 3.4 cd/m? (1 fL). Display
line widths shall be of sufficient size and sharpness to display the intended information with no distracting visual effects or

display ambiguities that could result in an unsafe condition. The line should appear uniform when viewed at all rotational
or translational orientations.
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4.2.7 Display Jitter

There should be no discernible display jitter when viewed within the viewing envelope. In no case shall the display jitter be
objectionable. Display jitter amplitude shall be less than 0.6 mrad peak-to-peak when viewed from the HUD Eye Reference
Point. Jitter of 0.3 mrad peak-to-peak from any point within the HUD Eye Box is a suggested upper limit, but that may not
be acceptable in some instances.

4.2.8 Display Flicker

The display shall not exhibit any unacceptable level of flicker under the full range of ambient environment up to the maximum

ambient illumination level specified by 4.3.1 when viewed from any position within the HUD Eyebox when viewing into the
HUD Total Field of View.

For CRT based HUDs, refresh rates of 60 Hz with a P-43 phosphor and 50 Hz with P-53 phosphor should provide an
acceptably low level of flicker. Other refresh rates and phosphors shall be shown to not exhibit unacceptable flicker. Refresh

rates of 60 Hz have alsqgbeerfoundtobeacceptabte for t€BHUDs:

4.2.9 Symbol Quality

Lines, symbols, and chg
one half the local width),
one half the local line wi

For a digital (e.g., LCL
information may have v
have no matrix anomali
dynamic conditions.

Visible defects on the ¢
distracting and shall not

Gray scale control, whe
Its use should not causeé
minimized to avoid mislg

racters shall have no tails, squiggles, skews, or gaps, other gegmetric dis
which cause erroneous interpretation of displayed data. Any distorted dime
dth in the area of the distortion.

based) HUD, the display is an array (matrix) ofidiScrete elements a

tortions (of greater than
nsion should not exceed

nd, therefore, displayed

sible spatial anomalies, such as stair stepping, line.width variation, and moire’. The display shall

s which cause distraction or erroneous interprétation. This shall be ass

isplay (such as failed-ON or failed-OFFselements, rows, or columns, sp
cause an erroneous interpretation of the display.

h used for anti-aliasing or to pravide luminance control should be sufficient
apparent variations in line shape and quality. Deviations across the HUI
pading information.

4.2.10 Display Binocul@r Parallax Errors

The HUD provides a vir

ual image at optical infinity. Parallax errors exist when two eyes view the

HUD virtual image. Thus
optical system is not pe

, parallax errors exist only within the Binocular Overlapping portion of the
fect, there will be slight angular errors between what the two eyes see. Th

binocular parallax errofs. Parallax errors are generally specified for eyes spaced apart 63.5
interpupillary distance) which'lie'in a common horizontal plane. Parallax errors are subdivided intoj
are those errors in the planetof the eyes, and vertical errors, which are those errors perpendicular

bssed in both static and

ots, etc.) should not be

for its intended function.
D field of view should be

same information in the
Field of View (7.7). If the
ese errors are known as
mm (2.5 inches) (the
horizontal errors, which
to the plane of the eyes.

i

[ rsis-aceepta
Computing of these err pt

a
MIC,.

The binocular parallax error for a fixed field point is equal to the angular difference in the two rays entering the eyes
separated by the interpupillary distance. If the projected virtual image was perfect, the two ray angular directions would be
identical, and the parallax errors would be zero. Since HUD optical systems are not perfect, there are residual
uncompensated optical errors in the optical system. These uncompensated errors result in parallax errors and contribute to
display accuracy errors. Display Accuracy errors are specified in 4.2.3.

Horizontal parallax is further divided into convergent errors, or optical errors causing the eyes to angle inward (i.e., objects
inside of infinity), and divergent errors which cause eyes to angle outward. Vertical parallax errors, or dipvergence, represent
eyes skewed differentially out of the horizontal eye plane. Thus, convergence, divergence, and dipvergence describe how
two eyes are oriented with respect to each other to visually merge symbology.
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Normal eyes cannot readily compensate for divergent or dipvergent parallax errors. For this reason, these errors should be
made as small as practical. Convergent parallax errors cause the apparent display depth to vary inside of optical infinity
across the field-of-view. Convergent errors are easy to visually accommodate, but lead to accuracy errors.

One means to characterize parallax errors is to divide the HUD total field of view into a grid containing many field points
(i.e., a grid size of about 1 degree vertically by 2 degrees horizontally). This field of view grid is sampled from many different
head positions within the HUD Eyebox, resulting in thousands of parallax performance data points. The parallax errors for
the HUD can then be characterized as a percentage of points meeting a performance criteria.

The computed parallax errors shall meet the following 2 sigma values:

Within the central 10 degree diameter portion of the total field of view, when viewed from the HUD Eye Reference Point;

Convergence < 6'53" (2.0 mrad)
Divergence < 326" (1.0 mrad)
Dipvergence < 3’ 26"t:0mrad)

Within the total display fleld of view, when viewed from within the HUD Eyebox:

Convergence <12’ 2"((3.5 mrad)
Divergence <5’ 9" (IL.5 mrad)
Dipvergence < 6’ 53"|(2.0 mrad)

Note that a convergence error of 12’ 2" (3.5 mrad) corresponds to a display:image distance of abo
errors apply to HUDs designed to operate with non-distorting windshields.*Larger parallax errors m
correcting for windshields curvature.

ut 18 m (59 feet). These
ay be unavoidable when

4.2.11 Symbol Motion

The system operation sh
operation.

For those elements of {
distracting nor objectior
independent of the rate

Screen data update ratg
engine parameters, etc,
consistent with the airp
sensor) for attitude shou
system response. Eve
augmentation systems d

ould not be adversely affected by.aircraft maneuvering or changes in attitud

he display that are normally)in motion, any jitter, jerkiness, or ratcheting
able. They should maintain luminance, contrast, line width, and symb
Of motion.

s for analog symbols used in direct airplane or powerplant manual contro

should besequal to or greater than 15 Hz. Any lag introduced by the d
ane controlytask associated with that parameter. In particular, display s
Id not exeeed a first order equivalent time constant of 100 ms for airplanes
lluation should be conducted in worst case aerodynamic conditions w
ffintorder to determine the acceptability of display lag.

e encountered in normal

effect should neither be
bl quality characteristics

tasks (such as attitude,
splay system should be
ystem lag (including the
ith conventional control
ith appropriate stability

For a Digital (e.g., LCD based) HUD, the response time of pixel state changes should not be so long as to create erroneous
interpretation or loss of displayed information due to artifacts such as smearing and loss of luminance.

4.2.12

Image Retention

Image retention is an undesired afterimage that persists on the display (applies to both CRT and LCD Digital based HUDSs).
Image retention should not be readily discernable day or night, should not be distracting, and shall not cause an erroneous
interpretation of the display.

If the HUD incorporate slow rate “dithering” to reduce image retention resulting from stationary symbology, non-conformal
symbology may be moved at a slow rate if the spatial relationships are not misinterpreted. Conformal symbology should
not be dithered, unless it does not exceed the positioning accuracy errors defined in this section.
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4.2.13 Response Time

For a Digital (e.g., LCD based) HUD, the response time of pixel state changes should not be so long as to create erroneous
interpretation or loss of displayed information due to artifacts such as smearing and loss of luminance. The display response

time shall meet the following requirements.

of 90% maximum gray level plus 90% maximum to 10% maximum).

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

essential dynamic symbology or video shall be observable.

section (see Sectior
4.3 HUD Photometric
4.3.1

The HUD shall be capa
sun-lit cloud of 34 000 ¢
4.3.2 Luminance Unif

The luminance variation
requirements:

a. When measured frg
instantaneous FOV
b. When measured ov

than £30%.

These requirements ap,
follows:

Where Lmax and Lmin

HUD Luminancg

5).

Characteristics

ple of providing a usable display under all foreseeable ambient backgroun
H/m? (10 000 feet/L) and a night approach to a sparsely lit runway (a black

Drmity

of displayed symbols, lines, or charactersaoeminally of equal luminance
m the center of the HUD Eyebox, the:luminance variation of symbols cor
Shall be less than £30%.

br 80% of the HUD Eyebox;-the luminance variation of any particular symb

Lmax —Lmin

Luminance Uniformity Variation (%) x 100

[Lmax + Lmin]

hre’the maximum and minimum, respectively, values of luminance measu

< 60 ms 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

In addition to the above for subjective evaluation, no tunneling (i.e., dimming) or objectionable smearing of critical or

This level of response time performance is required after the warm-up period ends, as defined in the environment

d conditions, including a
hole approach).

shall meet the following

tained in the monocular

bl shall not vary by more

ply for any luminance"control setting. The luminance uniformity variation shall be calculated as

(Eq. 1)

rfed at a minimum of five

points, including one point at the display center and four points equidistant from the center.

4.3.3

Display Contrast Ratio

The HUD Contrast Ratio is a measure of the ratio of the luminance of the virtual display relative to the real world background.
HUD display contrast ratio is defined as follows:

Display Luminance + Background Luminance
Background Luminance

CR =

(Eg. 2)
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Based on this definition, a contrast ratio equal to 1.0 represents no information on the display.

The HUD contrast ratio shall be greater than 1.20 when measured against a 34 000 cd/m? (10 000 fL) ambient background,
and assuming a 100% transmissive aircraft windshield. The measurement is made at the center of the display area from
the HUD Eye Reference Point. Degradation over time to a contrast ratio of 1.15 is allowable. The combiner transmissivity
requirements of 4.3.4 shall be simultaneously achieved when computing Contrast Ratio.

4.3.4 HUD Combiner Transmissivity

The light transmissivity of the HUD combiner shall be greater than 70% (photopic) for all HUD viewing angles when
measured from the HUD Eye Reference Point. The transmissivity can be measured against a D65 light source or computed
by analysis/ measurement. The transmissivity through the combiner shall not vary by more than £20% over the total field of
view when viewed from the HUD Eye Reference Point.

4.3.5 HUD Combiner Real World Color Shift

When wavelength seledgtive combiners are used to enhance the photometric performance oftheHUD combiner, the real
world color shift shall not be objectionable, and shall not cause erroneous or ambiguous interpretatipns of real world objects.

4.3.6 Manual and Automatic Luminance Control

The HUD system shoulfl have both manual and automatic luminance control capabilities. While the luminance control is
varied, the relative lumipance of all displayed symbols, characters, lines, and generated backgroupds shall generally track
the control setting in a mooth and easily controllable manner without abruptluminance changgs. In no case shall any
symbols or characters become invisible at the minimum luminance setting:\while other characters ¢r symbols are usable. If
the HUD system has bpth manual and automatic luminance control modes, there shall be no pbjectionable luminance
transients while transitigning from manual to automatic mode, or fromlautomatic to manual controljmode.

NOTE: Automatic luminfance control is highly recommended and-may be required for low visibility gperations when the pilot
may not have tine to manually adjust the luminance.

4.3.6.1 Manual Luminance Control

The display luminance gf the HUD system shall bé. capable of being manually adjusted from less than 1.7 cd/m? (0.5 fL) to
a luminance level capaljle of meeting the requirements of 4.3.1.

4.3.6.2  Automatic Luminance Control (If Required)

When the automatic lunjinance mode_is'selected by the crew member, the HUD shall be capable pf automatically tracking
the ambient luminance Jevel such that the pre-selected HUD display contrast ratio remains apprpximately constant as a
function of ambient lighf from,340 cd/m? (100 fL) up to the maximum HUD luminance level required by 4.3.3. The HUD
luminance shall track the ambient luminance level until the maximum luminance capability of the HUD is achieved. As the
ambient luminance levglContinues to increase, the HUD luminance shall remain constant. The¢ ability to control HUD
luminance may be evaldateddtit iIIU ﬂlyht testin ||;ght conditions—rat |gi||g fromadark bad\gluund to a night approach ata
runway with bright city background, an ALSF Il (or equivalent) approach lighting systems, touchdown zone lights, and
centerline lights with high intensity runway lights set to step 5. The manual luminance control shall not be adversely affected
by failure of the automatic luminance control.

4.3.7 Combiner Performance

As far as practical, the optical performance and physical characteristics of the combiner shall be sufficient to not degrade,
distort, or distract the pilot’s view of external references or of other aircraft.
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4.3.7.1 Combiner Induced Real World Distortion and Parallax Errors

The HUD combiner should not cause the angular location of real world objects, as they appear through the combiner, to
deviate by more than 2.0 mrad (monocular). This deviation requirement shall apply for all head positions within the allowable
HUD Eyebox and over the total field of view of the HUD. The maximum allowable radial error shall be computed as the root
sum square of the azimuth and elevation component errors. When viewing through the HUD combiner, the parallax errors
(binocular) of the real world view seen by the pilot should be less than 1.5 mrad.

4.3.7.2 Reflections, Secondary Reflections, and Glare

The HUD combiner should not result in any unwanted reflections or glare (from external or internal sources) that cause

erroneous or ambiguous interpretations of real world objects or display information.

43.7.3

When viewed from withi
than 2% of the luminand

4.3.8 Color
Where multiple colors a
interpretation of the dis

use of the HUD is intend

In general, color should
boxed, or highlighting sh
4.3.8.1 Color Uniform

The color difference bet]
to prevent an ambiguity

4.3.9 Color Registrati

When a display elemen

Secondary Display Images

— . : " . I

e of the main display.

fe used to enhance discrimination, the use of color shall result'in unambig
blayed information for all foreseeable conditions relative-to“the lighting en
ed.

not be used as the only coding dimension. Other ¢ading dimensions such
ould be used as redundant coding.

—

ity

lveen any symbols of the same color.ocated at any position within the tota
or an incorrect identification of an. assigned color from any head position w

DN

t is a composite of multiple traces (such as multiple guns of a shadow m

centers shall be convelged. This convergence value at any point shall be within the average

respective traces at thaf]
When a display element
color line centers shall

the manufacturer's speg

In no case shall miscon

point. This requirement applies over the HUD Eyebox area for all symbol

is comprised)oftwo or more closely spaced traces (such as video generated
pe convergéd. This convergence value should be within one display line
ified Eye-Reference Point.

L images) should be less

juous and no erroneous
vironment for which the

s shape, location, bold,

| FOV shall be sufficient
ithin the HUD Eyebox.

ask CRT), the color line
f the line widths of the
ntensity settings.

symbology) the primary
idth when viewed from

ergence cause a line, symbol, character color or character form to be amlPiguous.

4.3.10 Discrimination

Displayed information shall have sufficient luminance contrast and/or color difference to discriminate between the following

as applicable:

a.
overlayed.
b.
backgrounds.
C.
d.

Between various symbols, characters and lines.

Between the generated backgrounds and ambient backgrounds.

Between the generated backgrounds of various specified colors.

Between symbols (including characters and/or lines) and the background (ambient or generated) on which they are

This shall also include when they overlay ambient or generated
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In all cases the luminance contrast and/or color differences between all symbols, characters, lines, or all backgrounds shall
be sufficient to preclude confusion or ambiguity as to information content of any displayed information. When operationally
required, the absolute color of the information shall be identifiable.

4.4 HUD Physical Assembly

The HUD installation should be shown to be safe from physical hazards likely to be encountered during both routine
operations or emergency procedures. Criteria to be considered should include physical hazards to the pilot during
turbulence, hard landings, bird strikes, abrupt deceleration encountered during maximum braking, and rapid egress.

4.4.1 Combiner Stowage

The HUD combiner should be capable of being stowed when not in use.

4.4.2 Combiner Head Injury Criteria

The combiner assembly| shall be designed to meet the requirements of 14 CFR 2X.562.
4.4.3 Combiner Position Alignment

The HUD system shall |provide a warning to the pilot if the position of the combiner causes conformal data to become
hazardously misaligned

4.4.4 Head Clearancg Measurement

Head clearance is defingd as the physical spacing between any portion of\d pilot's head and the clogest approaching portion
of the HUD system located generally above the pilot's head. For the purpose of this document, head clearance is specified
with respect to a 95 percentile male head illustrated in Figure 2. The HUD manufacturer shall specify the minimum clearance
between the three-dimepsional outline of the head and the closest approaching HUD system strudture, excluding padding.
A distance of 50 mm (2 jnches) has been shown to be acceptable.

4.5 Video Display Pefformance (Imaging Display)
When the HUD system [is capable of displaying videéo images, the HUD shall meet all requiremepts contained within this
section in addition to thg other requirements ofithis document. The term "video" is not intended to limit or restrict the display
technology and implies| any display technelogy which is capable of generating a full field display containing imagery
generated by any numbegr of sensor types-or-data bases.

When an imaging display capability4s.included in the HUD, it should perform as follows:

45.1 HUD Symbology and Video Display Compatibility

The display of video on |thesHUD shall not compromise the presentation of aircraft flight informatign when that information
is required to be displayed:

4.5.2 Video Resolution

The HUD system video resolution requirements shall be specified by the vendor to be consistent with imaging sensor
angular resolution, the HUD optics and the intended function of the HUD-sensor system. The HUD and sensor system
resolution should not be limited by the display capabilities of the HUD optics or electronics. The HUD system video resolution
shall meet the vendor specified requirements and its intended function system requirements for all environmental test
conditions in Section 5.
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95TH MALE HUMAN HEAD.
REF: CALE 4/5/6.

95-144. REV: 3. 05-01-98.
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4.5.3 Video Luminange

Figure 2 - Dimensions fer a 95 percentile male head
(all unitsare in inches)

The HUD video luminange shall be adequate teidisplay a minimum number of gray shades against
luminance which is repfesentative of the-environment in which the HUD and sensor system is iptended to operate. The
vendor shall specify the|maximum backgreund luminance in which the HUD and sensor system is

the minimum number of| gray shades the system is to display. The system shall be capable of prg
or all envireAmental test conditions in Section 5.

luminance requirement

4.5.4 Video Contrast Variation

a real world background

intended to operate and
viding this video display

The contrast ratio betwekn =Tl lential gray shadesina dicpln\]/ ofsix-shades of gray shouldbe 1.4+

.4, -0.2 with appropriate

HUD settings of brightness and contrast controls, and excluding the contribution of ambient background.

45,5 Video Low Level Luminance

The HUD should be capable of providing a very dim, easily controllable image free of background glow in areas not
displaying information in night conditions. The requirement can be considered to have been met when the following is

achieved:

In a dark ambient background (less than 0.34 cd/m? (0.1 fL)), with symbols and peak white video adjusted to approximately
1.7 cd/m? (0.5 fL), a minimum of six shades of gray should be visible and the areas of the video which are blank should not

be visible.
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4.5.6 Video Luminance Uniformity

The variation in intensity between any two points within 10 degrees of each other or within the monocular FOV should not
exceed +35% when a flat field signal is applied.

4.5.7 Video Distortion and Linearity

No picture element should be displaced from its true position such that it can present hazardously misleading information
to the pilot.

4.5.8 Video Display and Outside View Compatibility
The display of video imagery on the HUD should not compromise the effective use of outside visual reference for required

pilot tasks such as takeoff and landing, obstacle avoidance, aircraft collision avoidance, or weather or visual reference
assessment.

NOTE: This requirement is not intended to preclude use of imagery to provide enhanced visual’tues consistent with the
above requiremgnts.

45.8.1 Automatic Brightness Control

Systems using automatic brightness control of symbology or symbology and videe combined shall meet the applicable
display luminance and dontrast requirements defined in this section.
5. MINIMUM PERFORMANCE STANDARDS UNDER ENVIRONMENTAL-CONDITIONS
To demonstrate complignce with this document, the tests of this~section shall be conducted| (where applicable). All
equipment, displays, digplay systems, and components shall meet'the applicable sections of DO}160G/ED-14G. Unless
otherwise specified, the environmental measurement procedures applicable to a determination of performance under
environmental conditions are set forth in RTCA DO-160G/ EUROCAE ED-14G. Performance tests which shall be made
after subjection to test gnvironments may be conducted after exposure to several environmental conditions. The order of
tests shall be in accordance with paragraph 3.2, of Section 3.0 of DO-160G/ED-14G. Unless otherwise specified in this
document, the environmiental test procedures contained’in RTCA DO-160G/ED-14G will be used tojdemonstrate equipment
compliance.

The environmental testg and performance reguirements described in this subsection are intended to provide a laboratory
means of determining the overall performance characteristics of the equipment under conditions| representative of those
that may be encountered in actual operations. Some of the environmental tests contained in this{subsection need not be
performed unless the manufacturer wishes to qualify the equipment for the particular environmentgl condition. These tests
are identified by the phrase "when,required.” If the manufacturer wishes to qualify the equipment to these additional
environmental conditiong, then<these "when required” tests will be performed.

The environmental perfprmance requirements identified in this section shall be met for all equipment, displays, display
systems, and componehts—At-the—conctusion—of-al-env efitat-tes he-regtirerments ection 4 of this document
shall be met.

o OT—am envio artests,tetTeguite O

5.1 Requirements

The following performance requirements (5.1.1 through 5.1.6) shall be met for the environmental conditions as required in
5.4 through 5.30 of this document. Compliance may be demonstrated by testing, analysis or combination thereof.

For example: Position accuracy over temperature may be determined by the combination of analysis that the optics meet
its allowed budget over temperature and test measurements that the electronics meets its allowed accuracy budget over
temperature.
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511

Display Characteristics

The HUD display system shall meet the display characteristics of the following paragraphs:

a. 4.2.3 Symbol Position Accuracy (External)

b. 4.2.4 Relative Symbol Position Accuracy

c. 4.2.5 Display Drift

d. 4.2.6 Display Line Width
e. 4.2.8 Display Flicker

f.  4.2.9 Symbol Quality
5.1.2 Luminance

The display luminance g
5.1.3 Color

Where multiple colors a
5.1.4 Color Registrati

For multicolor displays,
presented.
5.15 Display Respo

The display response ti
shall be less than 1 sec

5.1.6 Mechanical Of
All mechanical devices

5.2 Definition of Term

The definition of enviropmental general terms, including temperature stabilization, control, and te

DO-160G/ED-14G Sect

hall be sufficient for the display to perform its intended function.

e used, any change in color shall not cause ambiguousor erroneous infor
DN

color misregistration shall not cause symbol@olor to be ambiguous or errg

hse Time

me shall be sufficient for the display to perform its intended function. Th
bnd.

eration
bhall perform theif intended function in a clear and unambiguous manner.

S

on 2:0:

mation to be presented.

neous information to be

e display response time

st category are given in

5.3 Conditions of Tes

S

The equipment connection, air temperature measurement, environmental test condition tolerances and test equipment
requirements are given in DO-160G/ED-14G Section 3.0.

5.4 Temperature and

Altitude Tests (Section 4.0, DO-160G/ED-14G)

When the display system is subjected to this test, all of the requirements of 5.1 of this document shall be met.

5.4.1 Low-Temperatu

re Test

This test includes Ground Survival Low Temperature Test and Short-Time Operating Low Temperature Test and Operating

Low Temperature Test.
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Under the environmental temperature conditions, the manufacturer shall specify the time required to meet full performance.
The maximum time to meet full performance shall be equal to or less than 10 minutes. The requirement could be shorter
for displays intended for more critical functions.

5.4.2 High Temperature Test

This test includes Ground Survival High Temperature Test and Short-Time Operating High Temperature Test and Operating
High Temperature Test.

a. When subjected to the high short-time operating temperature, the equipment shall function both electrically and
mechanically.

b. When the equipment is operated at the high operating temperature, all of the requirements of 5.1 of this document shall
be met.

c. Systems which reqyirecootng air sthattmeetattof the Tequirerments of 5. T of this documeTt.
5.4.3 In-Flight Loss of Cooling Test

When the display systerm is subjected to this test, all of the requirements of 5.1 of this document shall be met.
5.4.4  Altitude, Decompression and Overpressure Tests (When Required) (Section’4.6 DO-160G/ED-14G)
5.4.4.1 Altitude Test
When subject to this tes}, all of the requirements of 5.1 of this document'shall be met. The instrumgnt 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 compoundg when subjected to the altitude conditions,0f*DO-160G/ED-14G, paragraph 4.6.

5.4.4.2 Decompressipn Test
When installed in accofdance with the equipment manufacturer's instructions, the equipment small function properly as
intended and not be adyersely affected following bhy-exposure to the decompression test conditiofis of DO-160G/ED-14G,
paragraph 4.6.2. When gubjected to the decompression test(s), all of the requirements of 5.1 of this document, along with
the following shall be mét.
5.4.4.3 Overpressure|Test

When the equipment is subjected ta'the overpressure test, all of the requirements of 5.1 of this dogument shall be met.

5.5 Temperature Variption F&st(Section 5.0, DO-160G/ED-14G)

When the equipment is subjected to this test, all of the requirements of 5.1 of this document shall Ibe met.

5.6 Humidity Test (Section 6.0, DO-160G/ED-14G)
After being subjected to this test, the following shall apply:

a. Within 15 minutes after primary power is applied, the equipment shall operate at a level of performance which indicates
no significant performance change has occurred and no significant failures of components or circuitry have occurred.

b. Within 4 hours after primary power is applied, all of the requirements of Section 4 of this document shall be met.
5.7 Operational Shocks and Crash Safety Tests (Section 7.0, DO-160G/ED-14G)
a. After being subjected to the operational shock test, all of the requirements of Section 4 of this document shall be met.

b. After being subjected to the crash safety shocks, the equipment shall remain in its mounting and no parts of the
equipment or its mounting shall have become detached.
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5.8 Vibration Tests (S

ection 8.0, DO-160G/ED-14G)

a. When subjected to this test, the display shall not distort either dimensionally or in visual characteristics to the extent
that it presents misleading or erroneous information.

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

59

Explosive Atmosphere Test (When Required) (Section 9.0, DO-160G/ED-14G)

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

5.10 Waterproofness Test (When Required) (Section 10.0, DO-160G/ED-14G)

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

5.11 Fluids Susceptibil
After being subjected to
5.12 Sand and Dust T¢

After being subjected to
may be covered during

5.13 Fungus Resistang
After being subjected to
5.14 Salt Fog Test (WH
After being subjected to
5.15 Magnetic Effect T

When the equipment is s
14G equipment categor

5.16 Power Input Test
The HUD shall meet the

requirements for opera
applications, specifically

fy Test (When Required) (section 11.0, DO-160G/ED-14G)
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5.16.1 Normal Operating Conditions

When the equipment is subjected to this test, the requirements of Section 4 of this document 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 operating conditions when the normal power is restored.
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5.17 Voltage Spike Test (Section 17.0, DO-160G/ED-14G)
5.17.1 Category A Test (When Required)

After testing to Category A test requirements all of the equipment shall meet the requirements of Section 4 of this document.
After interruption of displayed information, if it occurs, the display shall return to normal operation and meet all of the
requirements of section 4 of this document.

5.17.2 Category B Test (When Required)

a. Following the application of Intermittent Transients, all of the requirements of Section 4 of this document shall be met.

b. During the application of Repetitive Transients, the display may distort momentarily, however, critical data shall be
readable and not hazardously misleading. After interruption of display information, if it occurs, the display shall return
to normal operation and meet all of the requirements of Section 4 of this document.

5.18 Audio Frequency [Conducted Susceptibility — Power Inputs (Section 18.0, DO-160G/ED~
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erroneous presentation
of the requirements of S

stort either dimensionally or in visual characteristics to the extent that it|presents ambiguous or
Df information. After momentary distortion the display shall retufrbto normal operation and meet all
ection 4 of this document.
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ection 4 of this document.
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the tests in this section, the equipment shall meet all of the requirems
els from DO-160G/ED-14G Section 20 shall be specified by the equipn

L14G)

nts of Section 4 of this
ent manufacturer. The
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Additional guidance on §

electing test levels for installations is given in ARP5583A and AC20-158.
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uring application of the

tests, the display shall n
erroneous information.
HIRF, each affected sys
with other operational o

bt distort either dimensionally or in visual characteristics to the extent that it presents ambiguous or
'he equipment manufacturer shall define acceptable performance. After the aircraft is exposed to
em that performsthese functions shall automatically recover normal operation, unless this conflicts
functional requirements of that system.
NOTE: For installation Flectrical and Electronic
Systems for Op

related conditions, see Advisory Circular 20-158 Certification of Aircraft
bration in-the High-Intensity Radiated Fields (HIRF) Environment.

5.21 Emission of Radiq Erequency Energy Test (Section 21.0, DO-160G/ED-14G)

When the equipment is subjected to this test, it shall meet requirements for the appropriate category as specified as specified
in Section 21 of DO-160G/ED-14G.

5.22 Lightning Induced Transient Susceptibility (Section 22.0, DO-160G/ED-14G)

After being subjected to the tests in this section, the equipment shall meet all of the requirements of Section 4. The tests
levels from DO-160G/ED-14G Section 22 shall be specified by the equipment manufacturer. The levels should be consistent
with those expected in the aircraft locations where the equipment and wiring will be installed. Additional guidance on
selecting test levels for installations is given in ARP5413 and AC 20-136. During application of the tests, the display shall
not present ambiguous or erroneous information. The equipment manufacturer shall define acceptable performance. For
example, displays should not display hazardously misleading primary flight data, and operation should be quickly
recoverable after exposure.

NOTE: For installation related conditions, see Advisory Circular 20-136A Protection of Aircraft and Electrical / Electronic
Systems against the Indirect Effects of Lightning.
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5.23 Lightning Direct Effects (When Required) (Section 23.0, DO-160G/ED-14G)

If this section is required by DO-160G, then after being subjected to this test, the equipment shall meet all of the

requirements of Section

4 of this document.

5.24 Icing (When Required) (Section 24.0, DO-160G/ED-14G)

This section is not applicable to display systems installed inside the aircraft.

5.25 Electrostatic Discharge (ESD) (Section 25, DO-160G/ED-14G)

After being subjected to this test, the equipment shall meet all of the requirements of Section 4 of this document.

5.26 X-Ray Radiation

This section only applid
radiation do not need to
system should be so de|
energy measured 5 cm
condition, shall not exce
X-Ray radiation analysig
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S 10 display and display systems using CR1S. LCDS and other system
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s5igned so as to safeguard against hazard to the aircraft and crew dué)to
(2.0 inches) from the unit surface in the direction of the designjeye, in
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may be submitted in lieu of testing.

to display and display systems using CRTs. LCDs.and other systems that

do not need to documemnt compliance to this section, nor deviations to the’requirements in this se

by display systems shal
a. Inthe wavelength fr

b. Inthe wavelength fr

not result in radiation on exposed skin or eyes’exceeding the following va
pbm 200 to 315 nm: 0.05 x 106 W/cm?

bm 315 to 400 nm: 0.05 x 10-3 W{cm?

UV radiation shall be mgasured using a Radiometerpositioned as close to the display unit is feasi

5.28 Fogging (Hermeti

The display unit, while o

cally Sealed or Desiccated Display Units Only)

perating, shall be(éxposed to the high operating ambient temperature for a

While at this temperatuile, the external‘face of the cover glass shall be reduced to a temperature

No moisture or other mg
5.29 Thermal Shock (V

The operating unit shall

terial shall be_deposited on the internal face of the cover glass or filter.

Vhen Required)

b that do not emit X-ray
this section. The display
-ray radiation. Radiated
A worse case operating
pecified in EIA RS503a.

do not emit UV radiation
ction. Radiation emitted
lues:

ple.

minimum of 30 minutes.
of not more than 20 °C.

he subjected to ambient temperature extremes between the hlgh operatlng |

emperature (see section

5.4.2 of this document anda 4.1 of this document and
also Section 4 of DO-160G) without evidence of damage or operating fallure The unit shall operate in a high temperature
test chamber at the high operating temperature until the unit temperature stabilizes. At the end of this time period, the
temperature change (e.g., moving the unit to another chamber) shall be done as rapidly as possible but per the procedures
and requirements specified in Section 5 of DO-160G, a cold chamber with an internal chamber temperature at the low
operating temperature.

5.30 Dielectric Test

This section is applicable to the cathode ray tube of CRT displays and planar gas discharge displays as well as any other
display or display system component that has a high voltage circuit internal to the equipment.

The requirements in this section are intended to ensure that the dielectric of insulation is sufficient to keep any high voltage
from causing a hazard. After completion of all other qualification tests, the display system shall meet the following dielectric
test. In the performance of this test, any internal and/or external components or wires connected between the circuits and
equipment case or frame shall be disconnected. The insulation resistance measured at a minimum of 200 V DC for
5 seconds shall not be less than 5 MQ.
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6. TEST PROCEDURES

6.1 Test Conditions

Where not otherwise defined by applicable 14 CFRs, display system sampling required to demonstrate compliance with the
requirements of this AS shall be determined by the manufacturer. The complete system shall meet the requirements of the
manufacturer's recommended test procedure before qualification testing is started.

Unless otherwise specified below, equipment meeting the requirements of this standard shall be tested under the conditions
specified in Section 3 of RTCA DO-160G/ EUROCAE ED-14G and/or sections of this document. Applicable optical
measurement procedures are given in ARP5287, however, they should not be considered the only acceptable methods for
optical testing of airborne HUD.

6.2 Ambient Room Conditions

When tests are conductgdwiththe atmuosSpheTic pressure or temperature values substantiatty diffenent from those specified
in DO-160G/ED-14G, allowance shall be made for these variations.

6.3 Power Conditions

Except as otherwise spgcified herein, all tests shall be conducted at the power rating(supplied Yoltage, frequency, etc.)
recommended by the manufacturer.

7. GLOSSARY OF TERMS

7.1 Ambient Backgrodind

Background other than generated background.

7.2  Ambiguous or Errpneous Information

Information that is capalple of being understood in a different sense than intended.
7.3 Combiner

Component located in tihe pilot's forward fietd of view which provides superposition of the symbolpgy on the external field
of view.

7.4 Conformal

Conformal information i$ thatwhich overlays the real world element that it is meant to portray irrespective of the viewing
position.

7.5 Contrast Ratio
See 4.3.3.
7.6 Design Eye Position

The design eye position is a single point designated by the airframe manufacturer that provides an optimum combination of
outside visibility and instrument scan.

7.7 Display Element

The smallest addressable entity of the display. In the case of an active matrix LCD, the smallest addressable element of an
individual color.
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