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FAA AIRCRAFT CERTIFICATION HUMAN FACTORS
AND OPERATIONS CHECKLIST FOR STANDALONE

GPS RECEIVERS (TSO-C129 CLASS A)

INTRODUCTION

This checklistis designed to assistFAA certification personnel and
GPS receiver manufacturers in theevaluation of the pilot-system
interface characteristics of GPS receivers tobe certified according
to TSO C129 Al, RTCA/DO-208,and AC 20-138. Controls,
displays, and operatingcharacteristics are the main focusofthis
checklist Presentlythe checklist does not addressreceiver
hardware and functional characteristics that do not require direct
pilot involvment suchasdatareliability, failure protection, and
datacontinuity duringaircraft maneuvering.

This checklistis arranged in threemajorsections: Bench Test,
FlightTest, and Appendices. The Bench Test is designedto
evaluateGPS receiver designcharacteristics that do not require
aircraftinstallationand flight Three topic areas arecoveredin the
Bench Test: Logic, Displays,and Controls. The Logic section
focuseson waypoint entry and flight planning functions. The
Displaysectioncoversalarms and alerts, moving maps, and
generaldisplay characteristics. The Controls section covers knob,
button, keyboard,coding, and labelingdesign characteristics.

The Flight Test is designed to evaluate receiver design
characteristics and functionsunder actual flight conditions (e.g.,
Waypoint Sequencing & Turn Anticipation). The Flight Test is
provided in the context ofDeparture,En Route, Transition,
Approach and Missed Approach flight segments. In addition,
Autopilot, GPS Accuracy,Moving Map, Alarms, and Alerts are
covered.

The Appendices are designed to provide reference material for the
specific topics coveredin the checklist It shouldbe noted that the
referencematerials(including the TSO C129 Al and the
RTCA/DO-208) arenot complete,but containonly the extracted
portions from the originaldocuments which aredirectly relevantto
the specific checklist items.

vui



INSTRUCTIONS

Evaluation material. Evaluation topics are presented as a set of
facing pages. The left-hand page lists the section, evaluationtitle,
purpose, test procedure, and evaluationconsiderations. The
Purposedescribes what the evaluation topic covers. The Test
Procedure provides the user with a suggestedmethod ofexamining
a particular functionor characteristic ofthe receiver. Evaluation
Considerations are given to assist in decision making.

Scoring, comments, and references. On the right-hand page, an
evaluationbox is given that corresponds to the letter ofthe
evaluationconsideration(e.g. A, E, or EM). Each evaluationbox
contains a space to indicate either a "fail", "pass with exception",
or "pass" score. The particular rating chosen is dependentupon
the requirements specified in the TSO C129 Al, AC 20-138, and
RTCA/DO-208 documents and sound engineeringjudgment as
determined by the certificationspecialist In addition, a space is
provided forcomments, concerns, or notes.

The lower portion ofthe right-hand pagecontains a listing of
information that was used to develop the evaluationmaterialon the
left-hand page. Information relevantto the TSO C129 Al and/or
the RTCA/DO-208 is listed under the Requirements header.
Military, FAA (e.g., AC 20-138), and other human factors related
information sources are listed under the Guidelines header. All

referenced materialis providedin the appendices. Additional
discussions can be found in McAnulty (1994) "A Review of
Principlesand Guidelines for the DesignofControlsand Displays
for Standalone GPS and LORAN Receivers."

Requirementsand guidelinesarecross-referenced in bold with the
information contained on the left-hand page. Foreach requirement
or guideline listed, three piecesofinformation are providedto
assist the user during the evaluation. First, a cross-reference
number is providedthat corresponds with the evaluation material
on the left-hand page. Second, the page number where the
requirement or guideline information can be found in the appendix
is given. Lastly, the appendix and section are listed.

ix



Example ofCross Referencing:

"(I) (p. R3), R 2.2.1.4" refersto crossreferenced item numberone,
page R3, section 2.2.1.4, ofappendix R. If the userwants direct
access to the reference material cross referencedwith a (1), the
page number and section ofthe appendix are readilyavailable.

Summary scoringsheet. A summaryscoringsheet is provided at
the end ofeach test section. The summary scoringsheet lists the
TSO C129 Al and RTCA/DO-208requirements that were
addressed and cross-references them with the corresponding
checklist evaluation topic and pagenumber. In addition,"fail",
"pass with exception", and "pass" scoreboxes are given to provide
the user with an overall perspectiveofthe evaluationscores. Any
areas ofconcern will quickly be noticeable because the scores
would not line up in the rightmostcolumn(i.e., pass).
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1.1 LOGIC

1.1.1 Waypoint Entry

Purpose:

To determine the usability and resolution associatedwith single
waypoint entry procedures.

Test Procedure:

Enter a waypoint for"direct-to" navigation using the following
three methods:

1. Accordingto the Lat/Lon, resolution of0.01 minutes (2)
2. Accordingto bearing & range from another waypoint with

a resolution of 0.1 nm & 0.1 degree (2)
3. According to waypoint identifier name

Evaluation Considerations:

A) Resolution
• Lat/Lon resolution of0.01 minutes (2)
• Bearing/range resolutionof0.1 nm & 0.1 degree (2)

B) Data Entry Procedures (1,3)
• Feedbackduring entry (4)
• Programme steps simple & easy (4)
• Confirmationofactionpriorto final entry or activation (4)

C) Display Information (1,3)
• Waypoint categoryinformation displayed
• Prompts understandable (6,8)
• Ability to verify dataentry (4)

W) Workload (1,3)
• Dependence on memoryto completetask
• Number ofcontrol inputs

Iferrors occurred, consider the following criteria:
EM) ErrorManagement (3,5)

• Easeoferroridentification (7)
• Simple methodofrecovery (4)

1-2
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1.1.1 Waypoint Entry

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

W

EM

Comments:

Requirements:
(l)(p.R2),R2.1.7
(2)(p.T7),T(a)(3)(ix)2.

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)
(4) (pp. M42-43), M2 1.0
(5) (pp. M48-49), M2 3.5
(6)(pp.M49-51),M2 4.0

Summary Evaluation

Fail Pass

with

excptn

Pass

(7) (pp. M51-53), M2 4.3
(8)(p.M54),M2 4.4

1-3
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1.1 LOGIC

1.1.2 Route Programming

Purpose:
To determinethe usabilityof route programmingprocedures.

Test Procedure:

1. Entera 9 waypoint route(include at least2 waypoints of
eachcategory: APT,VOR,NDB,& INT) (2)

2. Store the route (SAVE FOR LATER USE)

Evaluation Considerations:

A) Number ofWaypoints
• Route accepts a minimum of 9 waypoints (2,3)

B) Data Entry Procedures (1,4)
• Feedbackduring entry (5)
• Programming stepssimpletfe easy (3)
• Confirmation of actionprior to final entryor activation (5)

C) DisplayInformation (1,4)
• Waypoint category information displayed
• Route legs identifiable
• Route identifiable

• Prompts understandable (7,9)
• Abilityto verifydata entry (5)

W) Workload (1,4)
• Dependenceon memory to complete task
• Amount ofhead-down time

Iferrors occurred, consider the followingcriteria:
EM) Error Management (4,6)

• Ease oferror identification (8)
• Simple method ofrecovery (6)

1-4
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1.1.2 Route Programming

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

W

EM

Comments:

Requirements:
(l)(p.R2),R2.1.7
(2)(p.T8),T(a)(3)(x)(3)
(3)(p.T19)T(aK3)(xxu)

Guidelines:

(4) (pp. F3-4),F17(b)(7)
(5) (pp. M42-43), M2 1.0
(6) (pp. M48-49), M2 3.5

Summary Evaluation

Fail Pass

with

excptn

Pass

(7)(pp.M49-51),M2 4.0
(8)(p.M51),M2 4.3.1
(9)(p.M54),M2 4.4

1-5
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1.1 LOGIC

1.1.3 Route Editing

Purpose:

To determine the usability of waypoint editing procedures.

Test Procedure:

Perform the following steps:
1. Retrieve the 9 waypointroute that was createdand stored in

section 1.1.2
2. Deletewaypoints in positions3 & 8 (2)
3. Adda newwaypointbetweenwaypoints4&5 (2)
4. Changewaypoints in positions5 & 9 (2)
5. Store new route (SAVE FOR LATER USE)

Evaluation Considerations:

A) Data Entry (1,3)
• Feedback during entry (4)
• Prograriiming steps simple& easy (4)
• Confirmationof actionprior to final entryor activation (4)

B) Display Information (1,3)
• Waypoint to be edited clearly denoted (2)
• Prompts understandable (6,8)

W) Workload (1,3)
• Dependence on memory to complete task
• Amount ofhead-down time

Iferrors occurred, consider the following criteria:
EM) Error Management (3,5)

• Ease oferror identification (7)
• Simple method of recovery (4)

1-6
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1.1.3 Route Editing

Evaluation

Fail Pass

with

excptn

Pass

A

B

W

EM

Comments:

Requirements:
(l)(p.R2),R2.1.7
(2)(p.T19),T(aX3Xxxii)

Guidelines:

(3) (pp. F3-4),F17(b)(7)
(4) (pp. M42-44), M2 1.0
(5) (pp. M48-49), M2 3.5

Summary Evaluation

Fail Pass

with

excptn

Pass

(6) (pp. M49-51), M2 4.0
(7) (pp. M51-53), M2 4.3
(8) (p. M54), M2 4.4

1-7



1.1 LOGIC

1.1.4 Route Review

Punwse:

To determine the usabilityof routeretrieveand route review
procedures.

Test Procedure:

Perform the following steps:
1. Retrieve the 9 waypoint routethat was createdand stored in

section 1.1.3

2. Scroll through the waypoints & legs ofthe route (2)

Evaluation Considerations:

A) Data Entry (1,2,3)
• Route retrieval

• Review ofwaypoints & legs

B) Display Information (1,3)
• Identificationofactive waypoint
• Ability to previewnext waypoint or leg (Le., for activation)
• Indicationofactivevs. inactive waypoints

W) Workload (3)
• Dependenceon memory to complete task
• Amount ofhead-down time

1-8



1.1.4 Route Review

Evaluation

Fail Pass

with

excptn

Pass

A

B

W

Comments:

Requirements:
(1) (p. R4),R 2.2.1.7
(2)(p.T19),T(a)(3)(xxu)

Guidelines:

(3) (pp. F3^),Fl 7(b)(7)

1-9
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Fail Pass

with

excptn

Pass



1.1 LOGIC

1.1.5 Route Reversal & Activation

Purpose:

To determine the usability ofroute reversal and route activation
procedures.

Test Procedure:

Performthe following steps:
1. Retrieve the 9 waypoint routethat was createdand storedin

section 1.1.3

2. Reverse the route (if possible)
3. Activate the route

Evaluation Considerations:

A) Data Entry (2,3)
• Route reversal function

• Route activation

• Ability to confirm routepriorto routeactivation (4)

B) Display Information (3)
• Distinction between "old" & "new" routes

• Identification ofactive waypoint
• Bearing to active waypoint
• Distance to active waypoint
• Display ofCDI information

W) Workload (1,2,3)
• Dependenceon memory to complete task
• Amount ofhead-down time

1-10
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1.1.5 Route Reversal & Activation

Evaluation

Fail Pass

with

excptn

Pass

A

B

W

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.T2),T(a)(3)(i)

Guidelines:

(3) (pp. F3^),F1 7(b)(7)
(4) (p. M48), M2 3.5.7

1-11
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Summary Evaluation
Fail

with

excptn

Pass



1.1 LOGIC

1.1.6 Direct-To Navigation

Purpose:

To determine the usability ofthe Direct-To function.

Test Procedure:

Perform the following steps:
1. Enter a waypoint to navigate to
2. Activate Direct-To function

Evaluation Considerations:

A) Data Entry (1,3)
• Direct-To function activated with a single control action

(2)
• Waypoint entry
• Ability to confirm waypointpriorto activation (4)

B) Display Information (1,3)
• Identification of active waypoint
• Bearing to active waypoint
• Distance to active waypoint
• CDI information display

W) Workload (3)
• Dependence on memory to complete task
• Amount ofhead-down time

1-12
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1.1.6 Direct-To Function

Evaluation

Fail Pass

with

excptn

Pass

A

B

W

Comments:

Requirements:
(1) (p. R3),R 2.2.1.4
(2)(p.T9),T(aX3)(xi)(l)

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)
(4) (p. M48), M2 3.5.7

1-13
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Summary Evaluation

Fail Pass

with

excptn

Pass



1.1 LOGIC

1.1.7 Nearest Wavpoint Function

Purpose:

To determine the usabilityofthe nearestwaypoint function.

Test Procedure:

Perform the following steps:
1. Activate the nearest waypointfunctionand selecta

waypoint from each category (e.g., APT,VOR, NDB,&
INT)

Evaluation Considerations:

A) Data Entry (1,2,3)
• Nearest waypoint activationfunction
• Selectabilityof waypoints
• Waypoint confirmation prior to activation (4)

B) Display Information (3)
• Identification ofactive/selectedwaypoint
• Identification ofwaypoint category
• Criticalinformationdisplayed (e.g., additional runways,

communication frequencies, etc.)

W) Workload (1,2,3)
• Dependence on memoryto completetask
• Amount ofhead-down time

1-14
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1.1.7 Nearest Waypoint Function

Evaluation

Fail Pass

with

excptn

Pass

A

B

W

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.T2),T(a)(3)(i)

Guidelines:

(3) (pp. F3-4),Fl 7(b)(7)
(4) (p. M48), M2 3.5.7

1-15
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Summary Evaluation

Fail

with

excptn

Pass



1.2 DISPLAYS

1.2.1 Display Brightness & Contrast

Purpose:

To evaluate display brightness andcontrast undervarious
ambient lighting conditions.

Test Procedure: (3,4)
Examine the display information underthe following conditions:

1. Darkroom(no lights,curtains closed)
2. Room lighting & reflections (lights on,curtains open,

observer lacing window)
3. Room lighting &a glare source (lights on,curtains open,

and sunlight shining on display)

Evaluation Considerations:

A) Brightness & Contrast Adjustments for: (1,2,3,4,6,8)
• Darkroom

• Lighting with reflections
• Lighting with glaresource

B) Automatic BrightnessControl (6,8)
• Rapid changes whenambient lightis increased
• Slowchanges whenambient light is decreased

C) Reflection Level (3,4,5,7,9)
• No distraction

• No interference with displayed information

1-16
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1.2.1 Display Brightness & Contrast

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

Comments:

Requirements:
(l)(p.R8),R3.1.2
(2)(p.T2),T(a)(3)(iv)

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)
(4)(p.F26),F2 6(b)(l)
(5) (p. M4), Ml 5.2.1.4.4
(6) (p. M8), Ml 5.2.4.6

Summary Evaluation

Fail Pass

with

excptn

Pass

(7) (p. M8), Ml 5.2.4.7
(8) (p. 012), 04 5.2.2
(9) (p. 014), 04 5.2.6

1-17
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1.2 DISPLAYS

1.2.2 Color Discrimination

Purpose:

To determine ifcolors on the display arediscriniinable.

Test Procedure:

If possible, simulate a flight along a routeand scanthrough the
pagesofthe route,waypoint, navigation, and systemmodes.
Evaluatethe differencesbetweenthe colorsusedon the display.

Evaluation Considerations:

A) Color Differences (1)
• Colors appeardifferent from each other (e.g., does yellow

look different from green) (4)

B) Coding (1)
• Small symbol disoiminability
• Small alphanumeric discriminability

C) Safety Critical Features (1)
• Color coding discriminability (Note: Some older pilots

report difficulty seeing blue- and magenta- coded features
on displays) (2,3)

1-18
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1.2.2 Color Discrimination

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

Comments:

Requirements:

Guidelines:

(l)(pp.F18-25),F2 5
(2)(p.M6),M15.2.2.1.18.f.
(3) (p. M9), Ml 5.2.6.8.7
(4) (p. 014), 04 5.2.5

1-19
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Summary Evaluation

Fail Pass

with

excptn

Pass
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1.2 DISPLAYS

1.2.3 Color Coding

Purpose:

To evaluate color coding on the display.

Test Procedure:

Examineall screens anddisplays. Evaluate the colorcoding.

Evaluation Considerations:

A) Color Coding
• Application ofcolor followedthe establishedguidelines:

(1,2,3,4,8)

ASSOCIATED

INFORMATION

COLORSET 1

Warning or danger Red

Caution or •bnormality Amber/Yellow

Fixed reference symbols White

Current data or value* White

Armed modes White

Selected data or values Green

Selected beading Magenta

Active route/flight plan Magenta

NOTE: bgeneraLavrjidtbeuMofBLUE;FuuhtrigREDcanbeu»MltoaVa^
anaipageucy/critical condition. Additional coloruse setsareshownin Section
5 (»)(3). PP- F2-3ofAppendixF2,andSections 7.2, p.015, and73. p.017 of
AppendixOS.

• Redundant coding ofcriticalinformation (6)

B) Disciiminability
• Color (liscriminability under the full range of cockpit

lighting conditions (e.g., Section 1.2.1) (1,3)
• 5 or fewer colorsused (7)
o Flashing lights used (5)

1-20
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1.2.3 ColorC

Evaluat

oding

on Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:

Guidelines:

(1) (pp. F3^I),F1 7(b)(7)
(2) (pp. F18-19), F2 5(a)(2-3)
(3)(p.F26),F2 6(b)(l)
(4) (p. M5), Ml 5.2.2.1.18

(5) (p. M6), Ml 5.2.2.1.19
(6) (p. 016), 05 7.1.2
(7) (p. 016), 05 7.1.3
(8) (p. 016), 05 7.2

1-21
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1.2 DISPLAYS

1.2.4 Readability Of AJphanumerics

Purpose:

To evaluate the readability ofdisplay characters.

Test Procedure:

View each screen or display. Read the display characters at a
distanceequal to the likety cockpit installation.

Evaluation Considerations:

A) Character Identification (1,2,4,5)
• Characters embedded in text

• Upper and lower case (3)

B) Coding
• Small symboldiscriminability
• Small alphanumeric discriminability

1-22



1.2.4 Readability Of Alphanumerics

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:

Guidelines:

(1) (pp. F3-4),F1 7(b)(7)
(2)(p.F24),F2 5(e)
(3) (p. M9), Ml 5.2.6.8.5

(4) (p. M8), Ml 5.2.6.8.4
(5) (p. 024), 07 4.2

1-23
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1.2 DISPLAYS

1.2.5 Moving Map Appearance

Purpose:

To evaluate the generalappearance ofmoving map displays.

Test Procedure:

If possible, simulate a flight along a route andscan through the
pages ofroute,waypoint, navigation, and systemmodes.
Evaluate the appearance ofthe movingmapdisplay at a distance
consistentwith likely cockpit installation.

Evaluation Considerations:

A) Readability (1,2,3,4,6)
• Quick and easy interpretation
• Short viewing durationrequired

B) Symbology (2,3,5,6)
• Distinction between overlappingsymbols (e.g., own

aircraft and in-bound course line)
• Clear indication of'own'position
• Discriminability ofsymbols
• Intuitive symbols
• Distinction between symbols in close proximity

C) Mode Characteristics (1,2)
• Clear indication between track-upand north-up
• Display ofmap scale

D) Map Motion (1,2)
• Distraction level

• Shape integrity
• Screen update/refresh rate
• Alphanumeric readability (6,7)
• Symbol recognition

E) PotentialUtility (2)
• Useful for intended navigationpurposes

1-24
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1.2.5 Moving Map Appearance

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

Comments:

Requirements:
(l)(p.T2),T(a)(3)(i)

Guidelines:

(2) (pp. F3-4),F1 7(b)(7)
(3) (pp. F27-28),F2 6(b)(4)
(4) (p. M7), Ml 5.2.4.2
(5) (p. M8), Ml 5.2.6.8.3

Summary Evaluation

Fail

with

excptn

Pass

(6) (p. M8), Ml 5.2.6.8.4
(7) (p. M9), Ml 5.2.6.8.5

1-25
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1.2 DISPLAYS

1.2.6 Oualitv Of Auditory Alarms

Puroose:

To evaluate the quality ofauditory alarms.

Test Procedure:

Activate all possibleauditoryalarms. Payattention to the
quality ofthe alarms.

Evaluation Considerations:

A) Audibility (5)
• Loudness

• Pitch

• Duration

B) Distraction Level (1,2,3,4)
• Loudness

• Pitch

• Duration

1-26
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1.2.6 Quality Of Auditory Alarms

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:

Guidelines:

(1) (p. MIO), Ml 5.3.3.2.2.3
(2)(p.02),Olc
(3) (p. 02), Old
(4) (p. 028), 08 a

(5) (p. 028), 08 c

1-27
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1.2 DISPLAYS

1.2.7 Synthetic & Natural Speech Alarms

Purpose:

To evaluate the quality ofsynthetic and naturalspeechdisplays.

Test Procedure:

Activate all possible speechalarms. Payattentionto the quality
ofspeech.

Evaluation Considerations:

A) Audibility (1,4)

B) Duration (1,4)
• Short duration

• Non-distracting

C) Speech Rate (1,4)

D) Accent/Dialect (1,4)

E) Message Content Intelligibility (1,2,3,4)

F) Abihty to Distinguish from Controllers (1,4)

1-28
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1.2.7 Synthetic & Natural Speech Alarms

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

Comments:

Requirements:

Guidelines:

(1) (p. M12), Ml 5.3.5.3.1
(2)(pp.M13-14),M15.3.l2
(3)(p.03),01(e-f)
(4) (p. 03), 01 h

1-29
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Summary Evaluation

Fail Pass

with

excptn

Pass



1.2 DISPLAYS

1.2.8 Auditory Alarm Discrimination

Purpose:

To evaluatethe ability to discriminatebetween alarms.

Test Procedure:

Activate all possibleauditoiy alarms. Payattention to alarm
discriminability.

Evaluation Considerations:

A) Alarm Discriminability (1,2,3,4)
• Pitch

• Loudness

• Type or pattern (e.g., steadytone vs. syntheticspeech)

B) Discriminability Between Critical and Non-Critical Alarms
(1,2,3)
• Loudness

• Pitch

• Durationor pattern (several short tones vs. one long tone)
• Message(e.g., "Critical-airspace violation"alert)

1-30
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1.2.8 Auditory Alarm Discrimination

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:

Guidelines:

(1) (p. M9), Ml 5.3.2.3
(2) (pp. Ml 1-12), Ml 5.3.4.3
(3) (p. M12), Ml 5.3.4.5
(4) (p. 02), 01 b

1-31
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1.2 DISPLAYS

1.2.9 Alert Deactivation

Purpose:

To evaluate the alert deactivation procedures.

Test Procedure:

Activate and deactivateall possiblealerts.

Evaluation Considerations:

A) PilotControllabilityofDeactivation (1,2,5,6)
• Alerts easily deactivated

B) Memory Requirements (1,2,3)
• Alert status indicated redundantly(e.g., display text, light)
• Additional warnings ifproblemnot corrected when alert

has been deactivated (4,5)
• Low distraction causedby reoccurring alert (4,5)

1-32
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1.2.9 Alert Deactivation

Evaluation Summary Evaluation
Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.R2),R2.1.7
(2) (p. T2),T (a)(3)(i)

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)
(4) (p. M12), Ml 5.3.4.5.1
(5) (p. M13), Ml 5.3.5.6.1
(6) (p. M13), Ml 5.3.6.1

1-33
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1.3 CONTROLS

1.3.1 Knob & Button Physical Characteristics

Purpose:

To determine ifall knobs and buttons are easyto locate, reach,
and activate with a minimum ofoperatingerrors.

Test Procedure:

Operate all knobs and buttons accordingto the intended use.

Evaluation Considerations:

A) Accessibility (4,5,9)
• Require single hand foroperations (2)
• Reach distances acceptable
• Identifiable

• Use does not obscuredisplay
• High frequencyuse or emergencyknobs/buttons are easily

accessible (8)

B) Activation (1,4,9)
• Force required to activate knobs/buttons
• Feedback adequate
• Minimal risk ofinadvertent activation or

deactivation (3,6,7)

1-34
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1.3.1 Knob & Button Physical Characteristics

Evaluation

Fail Pass

with

excptn

Pass

A

B

Summary Evaluation

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.R2),R2.1.7
(3)(p.R8),R3.1.4

Guidelines:

(6) (pp. F3-t),Fl 7(b)(7)
(7) (pp. M20-21), Ml 5.4.1.8
(8) (p. M14), Ml 5.4.1.3.3
(9)(pp.M21-27),M15.4.2

Fail

with

excptn

(4)(p.T2),T(a)(3)(i)
(5)(p.T2),T(a)(3)(ii)

1-35
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1.3 CONTROLS

1.3.2 Knob & Button Functional Characteristics

Purpose:

To determine ifknobs and buttons are functionally easy to
operate.

Test Procedure:

Operateall knobs and buttons accordingto the intended use.

Evaluation Considerations:

A) Arrangement (3,4,5,6,7,11)
• Logical arrangement according to functional groups
• Logical arrangement according to sequence ofuse (8)
• Logical arrangementaccording to frequencyofuse (9)

B) Operations (1,2,3,4,5,6)
• Usability
• Logical functioning (knobs turned clockwise

increase value) (10)
• Minimal chance oferror

• Easy error recovery

1-36
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1.3.2 Knob & Button Functional Characteristics

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.R2),R2.1.7
(3)(p.T2),T(a)(3Xi)

Guidelines:

(6) (pp. F3-4),F1 7(b)(7)
(7) (p. M2), Ml 5.1.2.1
(8) (p. M2), Ml 5.1.2.1.1
(9) (p. M2), Ml 5.1.2.1.1.2

(4) (p. T2),T (a)(3)(u)
(5)(p.T2),T(a)(3)(iv)

(10) (p. M14), Ml 5.4.1.2.1
(11) (p. M14), Ml 5.4.1.3.1

1-37
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1.3 CONTROLS

1.3.3 Keyboard Physical Characteristics

Purpose:

To determine if the keyboard is easy to locate, reach, and
activate with a minimum ofoperatingerrors.

Test Procedure:

Operate eachkey ofthe keyboard according to the intended use.

Evaluation Considerations:

A) Accessibility (4,5,6,7,10)
• Require single hand foroperations (2)
• Reach distancesacceptable
• Keys easily identified
• Use ofkeys does not obscure display

B) Activation (4,10)
• Forcerequiredto activatekey is acceptable (1)
• Clear feedback providedwhen key activated (eg., tactile

and audible feedbackcombined with change in display)

(11)
• Minimal risk of inadvertent activation or

deactivation (1,3,7,8,9)

Dimension guidelmes ifkeyboardappears difficult to use: (10)

DIMENSION MINIMUM
(inches) (mm)

Height/Width 0385 10.0

Displacement 0.05 U

HorizontalSpacing
(edge-to-edge)

0.25 6.0

VerticalSpacing
(edge-to-edge)

0.25 6.0

1-38
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1.3.3 Keyboard Physical Characteristics

Evaluation Summary Evaluation
Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.R2),R2.1.7
(3)(p.R8),R3.1.4

Guidelines:

(7) (pp. F3-4),F1 7(b)(7)
5.4.3.1.3

(8) (pp. M20-21), Ml 5.4.1.8
(9) (p. M27), Ml 5.4.2.2.2.6

(4) (p. T2),T (a)(3)(i)
(5) (p. T2),T (a)(3)(h)
(6)(p.T2),T(a)(3)(iv)

(10)(pp.M28-33),Ml
(11) (p. M33), Ml 5.4.3.1.3.6

1-39
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1.3 CONTROLS

1.3.4 Keyboard Functional Characteristics

Purpose:

To determine ifkeyboards are functionally easy to operate.

Test Procedure:

Operatekeyboard according to the intendeduse.

Evaluation Considerations:

A) Arrangement (4,5,6,7)
• Numeric keys arranged in a 3 x 3 +1 matrixwith zero

digit centered on bottom row
• Alphabetic keys arranged in groups of3 superimposed on

numeric keys in telephone keypad layout
(e.g., 2 + ABC, 3 + DEF,etc.)

B) Operations (4,6)
• Key-press entersletterorcharacter associated with label on

key
• Clear, Backup,or Deletekey to correct or reversekeyed

input (8,9,10,11)

1-40
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1.3.4 Keyboard Functional Characteristics

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.T2).T(a)(3)(ii)
(2)(p.T2),T(a)(3)(iv)

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)
(4) (pp. M28-33), Ml 5.4.3.1.3
(5)(p. M42), M2 1.0.11
(6) (p. M46), M2 1.3.33

(7)(p.M49),M2 3.5.l0
(8)(p.M49),M2 3.5.13

Ml
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1.3 CONTROLS

1.3.5 Color Coding

Purpose:

To determine ifcolorcodingis designed to support usability.

Test Procedure:

Examine the colors used to code all controls.

Evaluation Considerations:

A) General Use (1,3,4)
• Colors usedonly when necessary to distinguish controls

(2)
• Redundant codingofcritical information (4)

B) Color Use (1,3,4)
• Colors discriminable under full rangeof cockpit lighting

conditions

• Minimis, the number of colors used (5)
• Application should follow established conventions (e.g.,

RED for critical, emergency-specific controls)

1-42
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1.3.5 Color Coding

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.T2),T(a)(3)(iv)

Guidelines:

(2) (p. M15), Ml 5.4.1.4.1
(3) (p. Ml9-20), Ml 5.4.1.4.5
(4) (p. 016), 05 7.1.2
(5) (p. 016), 05 7.1.3

M3
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1J CONTROLS

1.3.6 Shape/Size Coding

Purpose:

To determine if shape/size coding is designed to support
usability.

Test Procedure:

Examine the shapes/sizes used to codeall controls.

Evaluation Considerations:

A) Knob Shape (1,2,3,4,6)
• Aids pilot use
• Does not interfere with use

• Discriminability

B) Knob Size (2,3,4)
• Easy to distinguish between different sizes factually and

visually (minimum difference ° 0.5 inches/10.0 nm) (5)
• Aids pilot use
• Does not interfere with use
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1.3.6 Shane/Size Coding

Evaluation Summary Evaluation

Fail Pass

with.

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.T2),T(a)(3)(iv)

Guidelines:

(3) (pp. F3^»),F17(b)(7)
(4) (p. M15), Ml 5.4.1.4.1
(5) (p. M15), Ml 5.4.1.4.3
(6) (p. M18), Ml 5.4.1.4.4
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1.3 CONTROLS

1.3.7 Labels

Purpose:

To determine if labeling facilitates usability.

Test Procedure:

Examine each label.

Evaluation Considerations:

A) Construction (1,2,3)
• Printed in capital letters without punctuation (11)
• Printed in black on tight background (10)

Guidelines for label dimensions: (12,13,14,15,16)

DIMENSION MINIMUM

(Inches) (mm)

Character Height 0.18 4.7

Character Width 0.108 2.8

Character Stroke Width 0.02 0.7

Space Between Characters 1 stroke width

Space Between Words 1 character width

Space Between Lines 0.09 | 2.35

B) Label Placement (1,2,3,4)
• Horizontal orientation from left-to-right (5)
• Location on or adjacentto controlsthey identify (6)
• Readable under all lighting conditions (see Section 1.2.1)
• Consistent placementacross panel (7)
• Unobstructedby controls(e.g., knobs, keys, etc.) (6)
• Unobstructedduring controluse (e.g., hands, arms, etc.)

(6)

C) Terminology (1,2,3)
• Familiarand meaningful words/symbols (9)
• Labels describe function ofknob or button

• Consistency acrossreceiver (7)
• Abbreviationsand acronyms conformto aviation usage (8)
• Wordsof 4 letters or lessspelled out

1-46
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1.3.7 Labels

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

Comments:

Requirements:
(1) (p. T2),T (a)(3)(i)
(2) (p. T2),T (a)(3)(h)
(3)(p.T2).T(a)(3)(iv)

Guidelines:

(4) (pp. F3^.), Fl 7(b)(7)
(5) (p. M36), Ml 5.5.2.1
(6) (p. M36), Ml 5.5.2.2
(7) (p. M36), Ml 5.5.2.3
(8) (p. M37), Ml 5.5.3.2
(9) (p. M37), Ml 5.5.4.2
(10) (p. M37), Ml 5.5.5.1

Summary Evaluation

Fail Pass

with

excptn

Pass

(11) (p. M37), Ml 5.5.5.4.1
(12) (p. M38), Ml 5.5.5.6
(13) (p. M38), Ml 5.5.5.8
(14) (p. M38), Ml 5.5.5.11
(15) (p. M38), Ml 5.5.5.12
(16) (p. M38), Ml 5.5.5.13
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1.4 BENCH TEST EVALUATION SUMMARY

Requirement Checklist Fail Pass

with

excptn

Pass

Title Title Pfr
Accessibility
of Controls

Knob & Button

PhysicalChar.
Knob & Button

Functional Char.

Keyboard
PhysicalChar.

Keyboard
Functional Char.

Color Coding
Shape/Size Coding
Labels

1-34

1-36

1-38

MO

1-42

1-44

1-46

Control/

Display
Capability

Waypoint Entry
Route

Programming
Route Editing
Color

Discrimination

Color Coding
Readability of

Alphanumerics
Moving Map

Appearance
Quality of

Auditory Alarms
Synthetic &

Natural Speech
Auditoiy Alarm

Discrimination

Alert Deactivation

Knob & Button

Physical Char.
Knob & Button

Functional Char.

1-2

1-4

1-6

1-18

1-20

1-22

1-24

1-26

1-28

1-30

1-32

1-34

1-36

1-49
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1.4 BENCH TEST EVALUATION SUMMARY (Continued)

Requirement Checklist Fail Pass

with

excptn

Pass

Title Title Pfr
Control/

Display
Capability
(continued)

Keyboard
PhysicalChar.

Keyboard
Functional Char.

Color Coding
Shape/Size Coding
Labels

1-38

1-40

1-42

1-44

1-46

Control/

Display
Readability

Display Brightness
Knob & Button

PhysicalChar.
Knob & Button

Functional Char.

Keyboard
Physical Char.

Keyboard
Functional Char.

Color Coding
Shape/Size Coding
Labels

1-16

1-34

1-36

1-38

1-40

1-42

1-44

1-46

Display
Visibility

Display Rrigritnft« 1-16

Flight Path
Selection

Direct-To

Navigation 1-12

Flight Path
Capability

Route

Programming
Route Editing
Route Review

1-4

1-6

1-8

Inadvertent

Turnoff

Knob & Button

PhysicalChar.
Keyboard

Physical Char.

1-34

1-38

1-50
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1.4 BENCH TEST EVALUATION SUMMARY (Continued)

Requirement Checklist Fail

B

Pass

Title Title Pfr
Operationof
Controls

Route Reversal

NearestWaypoint
Color

Discrimination

ColorCoding
Readabilityof

Alphanumerics
Moving Map

Appearance
Quality of

Auditoty Alarms
Synthetic &

Natural Speech
Auditory Alarm

Discrimination

Alert Deactivation

Knob & Button

Physical Char.
Knob & Button

Functional Char.

Keyboard
Physical Char.

Keyboard
Functional Char.

Labels

1-10

1-14

1-18

1-20

1-22

1-24

1-26

1-28

1-30

1-32

1-34

1-36

1-38

1-40

1-46

Waypoint
Entry

Waypoint Entry 1-2

Waypoint
or

Leg
Sequencing

Route Review

Direct-To

Navigation
Color

Discrimination

1-8

1-12

1-18

Waypoint
Storage

Route

Prograniming 1-4

1-51
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1.4 BENCH TEST EVALUATION SUMMARY (Continued)

Checklist Fail

a

Pass

OVERALL RATING

OVERALL COMMENTS:

1-52
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2.1 PRE-DEPARTURE

2.2.1 Electromagnetic Compatibility

Purpose:

^j Determine use ofselective radio frequencies on GPS operations.
Note: Reevaluation ofinstalled VHF transceiver performance
is not necessary if the filter insertion loss is 2 dB or less.

Test Procedure:

Fly direct to a waypoint:
<j 1. While en route, tune each ofthe following frequencies for

at least 20 seconds & activate mike repeatedly (Note:
coordinatewith ATC iflocal frequencies) (1):

121.125 Mhz 131.200 MHz

121.150 MHz 131.225 MHz

121.175 MHz 131.250 MHz

U 121.200 MHz 131.275 MHz

121.225 MHz 131.300 MHz

121.250 Mhz 131.325 MHz

131.350 MHz

Evaluation Considerations:

<J A) Influence on: (2,3)
CDI indication

Display quality
Digital cross track error
Distance to waypoint
Alerts and warnings

<J

B) Influence on satellite HDOP value Sat (2,3)

<j

2-2
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2.1.1 Electromagnetic Compatibility

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(p.F32),F3(f)

Guidelines:

(2)(p.F6),F17(c)(iv)(C)
(3)(p.F9),F18(b)(6)

2-3
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2.1 PRE-DEPARTURE

2.1.2 Types Of Alarms & Alerts

Purpose:

To ensure that alarms & alertsactivate appropriately. (1)

Evaluation Considerations:

Eachofthe following alarms & alertsshallbe "timely" (shall
takeplace within the specified time to alarm forthe phase of
flight in progress) and shallbe as follows:

A) A navigationwarning flag shall be displayedon the
navigationdisplayin the followingcases: (2,3)
• The absenceof power required for the navigation function
• Loss ofnavigation function
• Inadequate or invalid navigation data in the approach

mode detected in accordance with RTCA- DO- 208

• The loss ofthe RAIM detection function in the approach
mode at the final approach fix.

• Loss ofthe RAIM detection function in the approach
mode, after passing the final approachfix. (Only if the
RAIM detection function is lost for more than 5 minutes.)

B) RAIM alerts (1,2,3)
• When RAIM is not available, inadequate navigation data

due to poor spacevehicle geometry such that the
probability that navigation errorexceeds the position
integrity performancerequirementsin RTCA/DO-208 is
greater than or equal to 0.5

• The RAIM functiondetectsa positionerrorthat exceeds
the GPS positionintegrity performance requirements in
RTCA/DO-208

• Loss ofthe RATM function

• Predictedunavailability ofthe RAIM detection function
• When operating in the approachmode without RAIM and

navigation performance is degraded because HDOP
exceeds 4.0

24
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2.1.2 Types Of Alarms & Alerts

Evaluation Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

Comments:

Requirements:
(l)(pp.T12-17),T(a)(3)(xiii)

Guidelines:

(2)(p.F4),F17(b)(8)
(3)(p.F12),F18(c)(l)(ivKB)

2-5

xy



2.1 PRE-DEPARTURE

2.1.3 Flight Plan Entry & RAIM Check

Purpose:

To evaluate procedures required for flight plan entry & RAIM
check.

Test Procedure:

While on ground:
1. Enter a 9 waypoint flight plan (4,6,8)
2. Conduct RAIM check for ETA (5)

Evaluation Considerations:

A) Control easy to accessand identify (7)
• Reach distance

• Identification ofcontrols and control operation
• visibility ofdisplays when using controls

B) Control use sequence requiresminimal relianceon memory
& promoteserrorfreeoperation (1,2,3,6,7)
• Number and combination ofcontrols used

• Number ofcontrol actions required
• Probabilityofdata entry errors
• Ease of error detection

• Ease oferror recovery
• Pilot knowledge ofwhat to do next

C) Display output (6,7)
• Readability with acceptablechange in body position (3)
• Messages understandable

2-6
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2.1.3 Flight Plan Entry & RATM Check

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.T2),T(a)(3)(i)
(3)(p.T2),T(a)(3Xiv)

Guidelines:

(7) (pp. F3-4),F1 7(b)(7)
(8)(p.Fl2),F18(c)(l)(iv)(A)

Summary Evaluation

Fail Pass

with

excptn

Pass

(4)(p.T8),T(a)(3)(x)(3)
(5)(p.T19),T(a)(3)(xv)3.b
(6)(p.T22),T(a)(3Kxxu)

2-7
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2.2 EN ROUTE

2.2.1 Flight Plan Review & Modification

Purpose:

Evaluate ease of reviewing and modifying a flight plan while in
flight

Test Procedure:

Fly several consecutive legs in the flight plan. While flying to a
waypoint in the flight plan:

1. Review legs or segments ofthe flight plan (8)
2. Obtain distance,bearing& name ofthe active waypoint

(8)
3. Change two consecutive intermediatewaypoints (8)

Evaluation Considerations:

A) Operation ofwaypoint sequencing (6)

B) Accessibility of flight criticalinformation

C) Display readability (4,5,7)

D) Ease of locating waypoints in database (1,2,4,7)

E) Clarity ofwaypoint categories

W) Workload: (7)
• Adequate situational awareness
• Minimal mental effort

• Minimal number ofcontrol actions

2-8
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2.2.1 Flight Plan Review & Modification

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

W

Comments:

Requirements:
(l)(p.R2),R2.1.4
(2)(p.R2),R2.1.5

(3)(p.T2),T(a)(3Xi)

Guidelines:

(7) (pp. F3-4),F1 7(b)(7)
(8)(p.F12),F18(c)(l)(iv)(A)

Summary Evaluation

Fail Pass

with

excptn

Pass

(4)(p.T2),T(a)(3)(iv)
(5)(p.F32),F3(h)
(6)(p.F33),F3(m)

2-9
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2.2 EN ROUTE

2.2.2 Tracking Accuracy

Purpose:

To evaluate ease ofcourse intercept and tracking accuracy (with
and without autopilot).

Test Procedure:

Performthe followingboth with and without the autopilot:
1. Intercepta segment & fly to a waypoint in flight plan (4)

Evaluation Considerations:

A) Utility oftrack angle errorinformation and CDI for course
intercept (2)

B) Effort requiredto maintain FTE at less than 1.0 nm (5)

C) Ability to intercept route segment (6)

D) Ability to adjust CDI sensitivity in flight (3)

2-10
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2.2.2 Tracking Accuracy

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

Comments:

Requirements:
(1) (p. R2),R 2.1.10
(2)(pp.T3-4),T(a)(3)(vii)(2)
(3)(p.T6),T(a)(3)(viii)
(4)(pp.T9-10),T(a)(3)(xi)

Guidelines:

Summary Evaluation

Fail Pass

with

excptn

(5)(p.F33),F3(l)
(6)(p.F33),F3(m)

2-11
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2.2 EN ROUTE

2.2.3 Waypoint Sequencing & Turn Anticipation

Purpose:

To evaluate waypoint sequencing procedure, associateddisplay
indications, and turn anticipation.

Test Procedure:

While in flight planmode, fly to a waypoint and:
• Flyto the left and right ofa"fly by" waypointat the

intersectionoftwo flight plansegmentsdefining a
90° turn. (7)
This will requirethe following passesby the "comer"
waypoint:
• Fly a course parallelwith the approaching en route

segment with the CDI nearlypeggedto the outside(left
ofcourse) and follow turn anticipationadvisory

• Repeatwith CDI nearlypeggedto the inside (rightof
course)

• Repeat with CDI on center line
• Repeatwith CDI on centerline using autopilot

Evaluation Considerations

A) Waypoint alertvisibility (7)

B) Turn anticipation facilitates smooth transition to next
segment using not more than a standardrate turn (1,6)

C) Information providedto pilot by CDI and message display
not misleading (4)

D) Waypoint sequencing consistentand facilitates accurate
tracking ofairway (2,3,6,7)

E) Verify full scaledeflectionofCDI+/- 5.0 nm (3)

F) Verify resolution ofcrosstrack errorat least 0.10 nm (3)

2-12



2.2.3 Wavpoint Sequencing & Turn Anticipation

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

Comments:

Requirements:
(1) (p. R2),R 2.1.10
(2)(p.R4),R2.2.1.7
(3)<p.T5),T(a)(3)(viii)
(4)(pp.T9-10),T(a)(3)(xi)

Guidelines:

(7)(p.F14),F18(c)(l)(iv)(M)

Summary Evaluation

Fail Pass

with

excptn

Pass

(5)(p.F32),F3(h)
(6)(p.F33),F3(m)

2-13



2.2 EN ROUTE

2.2.4 Display Oualitv Evaluation

Purpose:

Evaluate influences ofsunlight on display readability.

Test Procedure:

Exit flight plan ft fly direct to waypoints which will positionthe
aircraft in each ofthe following orientations: (3,6)

• Directly into the sun
• With the sunlight shining acrossthe display from a side

window

Evaluation Considerations:

A) Readabilityof symbols, letters,numbers, and graphics (7)

B) Visibility ofCDI display (6,7)

Q Range ofbrightnessadjustment (2,7)
• Manual adjustment
• Automatic adjustment

D) Display location (1)

E) Visibility ofalerts ft warnings (4,5)

F) Color discriminability

2-14
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2.2.4 Display Quality Evaluation

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

Comments:

Requirements:
(l)(p.R7),R3.1.1
(2)(p.R8),R3.1.2
(3)(p.T2),T(a)(3)(iv)

Guidelines:

(7) (pp. F3-4),F1 7(b)(7)

Summary Evaluation

Fail Pass

with

excptn

(4)(p.T10),T(a)(3)(xii)(a,c)
(5)(p.T12),T(a)(3)(xui)
(6)(p.F32),F3(h)

2-15
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2.3 TRANSITION

2.3.1 Approach Transition

Purpose:

To evaluate receiver functions involved in transition from en
route to approach mode.

Test Procedure:

1. Apprrjach tenninal areawhile in flight planmode, from
beyond30 miles fromthe airport

2. Selectan IAF foran appropriate procedure which includesa
coursereversalft fly to the IAF
During this procedure: (2)

• Observe terminal area alert

• Enableapproachmode
• Request RAIM check (6)

Evaluation Considerations:

A) Clarityof IAF options (1)

B) Ability to select one IAF option (1)

C) Action requiredto select approachmode (2,4)

D) Smoothness ofchanges in CDI sensitivity (3)

E) Ease ofunderstanding status of receiver mode (5)

F) UnderstandabUity ofdisplayed messages

G) Approach enable alert
• At a radialdistance of30 nm from the destination airport

(not distancealong the flight plan route) (2,5)

H) Barometricpressurealert (5,7)
• Informsthe pilotofthe needto manuallyinsert the

barometric pressure setting (unlessthe automaticaltitude
input utilizes barometriccorrected altitude data). (2)

2-16
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2.3.1 Approach Transition

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

G

H

Comments:

Summary Evaluation

Fail Pass

with

excptn

Pass

Requirements:
(1) (p. T8), T (a)(3)(x)b (5) (p. T17), T (a)(3Xxiii)4
(2) (p. T10), T (a)(3)(xii)l.a (6) (p. T19), T (a)(3)(v)c
(3) (pp. T10-11), T (a)(3Xxii)l.b, 5.b
(4)(p.Tll),T(a)(3)(xii)l.c

Guidelines:

(7)(p.Fll),F18(b)(10)

2-17
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2.4 APPROACH

2.4.1 Non Precision Approach With A Procedure Turn

Purpose:
To check receiver operations involved in transitioning from
initial approach fix to final approach fix when a procedure turn
is required.

Test Procedure:

Fly from IAF, where IAF is on the airport or coincident with the
FAF, fly the procedure turn, and fly inbound to the missed
approach point

Evaluation Considerations:

A) Course guidance outbound & inbound (5)
B) Message displays readable & understandable
C) Receiver mode status indicator (7)
D) Transitions between terminal & approach mode (8)
E) Waypoint sequencing & timing ofwaypoint alerts (4)
F) Procedures required to enable a course reversal procedure (5)
G) Access to ground speed, distance, XTE, bearing & track

angle error information (1,2,3)
H) CDI sensitivity changes smooth, and at appropriate

locations (6)
I) Information on active waypoint (2)
J) Operation consistent with pilot expectations
K) Sensitivity change alert (7)

• At a distance of 3 nm inboundto the final approachfix an
annunciation shall indicate that a change will occur in the
sensitivity ofthe analog CDI.

L) Approach enable alert shall be repeated (7)
• At 3nm from the FAF if the approach modewas not

previously activated.
W) Workload: (9,10)

• Pilot situational awareness

• Mental effort

• Number of control actions required

2-18
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2.4.1 Non Precision Approach With A Procedure Turn

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

G

H

I

J

K

L

W

Comments:

Summary Evaluation

Fail Pass

with

excptn

Pass

Requirements:
(1) (p. R3),R 2.2.1.2
(2)(p.R4),R2.2.1.8
(3)(pp.T3^),T(a)(3Xvii)
(4)(p.T8),T(a)(3Xx)2.b
(5)(p.T9),T(a)(3)(xi)2

Guidelines:

(10) (pp. F3-4),F1 7(b)(7)

(6) (pp. T10-11), T(a)(3)(xii)l.b,5.b
(7)(p.Tll),T(a)(3)(xii)l.c
(8)(p.Tll),T(a)(3)(xii)l.d
(9)<p.F32),F3(i)

2-19
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2.5 MISSED APPROACH

2.5.1 Missed Approach With CourseReversalBack To The FAF

Purpose:

Evaluate receiver function when missed approachrequires a
course reversalback to FAF using "DIRECT TO" function to
enable courseguidance to the hold point

Test Procedure: (8)
1. Activate the "DIRECT TO" buttonwhile flying the runway

heading, reverse courseand followCDI guidanceto the FAF
2. Fly the published hold at the FAF using the OBS function to

select inbound leg to the hold waypoint

Evaluation Considerations:

A) Receiver shift out ofautomaticwaypoint sequencingat the
MAP (5)

B) Positivecourse guidance providedas an extension ofthe
inbound track and distance from the MAP until manual

selection ofthe next waypoint (5)

C) Actions required to return to the FAF (5)

D) OBS function use for the holding pattern (4)

E) Missed approachholding waypoint as "fly over"
waypoint (1,2)

F) Courseguidance to the FAF (2)

G) Sensitivity change for the missed approach (6)

W) Workload (7,9)
• Pilot situational awareness

• Mental effort

• Number ofcontrol actions required
• Frequencyofreferenceto receiverdisplayrequired

2-20



2.5.1 Missed Approach With Course ReversalBackTo The FAF

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

G

W

Comments:

Requirements:
(l)(p.T3),T(a)(3)(v)
(2)(p.T8),T(a)(3)(x)b
(3)(p.T9),T(a)(3)(x)(4)
(4)(p.T9),T(a)(3)(xi)2.b

Guidelines:

(9) (pp. F3-4),F1 7(b)(7)

Summary Evaluation

Fail Pass

with

excptn

Pass

(5)(p.T10),T(a)(3)(xi)3
(6)(p.Tll),T(a)(3)(xu)5.b
(7)(p.F32),F3(i)
(8)(p.F33),F3(k)

2-21
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2.5 MISSED APPROACH

2.5.2 Missed Approach With A Heading To Intercept A Bearing
To A Wavpoint

Purpose:

Evaluate receiver operation when intercepting a bearing to a
holding point using the OBS function.

Test Procedure:

1. Fly the center line extension& select the bearing to the
waypointusing the OBS function.

2. Intercept the course and fly to the hold point.

Evaluation Considerations:

A) Use ofOBS function for course to hold waypoint (2)

B) The readability ofthe OBS setting (2)

C) Turn anticipation at point ofintercept for course change to
hold point (1)

W) Workload: (3)
• Pilot situational awareness ft mental effort

• Number of control actions required
• Required reference to receiver display

2-22
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2.5.2 Missed Approach With A Heading To Intercept A Bearing

To A Wavpoint

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

W

Comments:

Requirements:
(1) (p. R2),R 2.1.10
(2)(p.T9),T(a)(3)(xi)2.b

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)

2-23
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2.6 AUTOPILOT

2.6.1 Autopilot Integration With GPS Receiver

Purpose:

To evaluate the function ofthe GPS receiver when used with an

autopilot during en route, terminal, and approachoperations.

Test Procedure:

1. Couple the GPS receiverto the autopilot (4)
2. Fly the following: (1,5)

• Transition from en route to fly an approach
• Fly a missed approach& hold

Evaluation Considerations:

A) Coursetracking smoothness & precision (2)

B) Performance: (1)
• Direct to operations
• Turn anticipation
• Course reversals

• Waypoint sequencing

C) Adequacy of information necessaryfor pilot situation
awareness regarding system status ft operation.

D) Operation consistent with pilot expectations

W) Workload (3)
• Mental effort required
• Number ofcontrol actions required
• Required referenceto receiverdisplay

2-24
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2.6.1 Autopilot Integration With GPS Receiver

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

W

Comments:

Requirements:
(l)(p.F32),F3(c)

(2)(p.F33),F3 0)

Guidelines:

(3) (pp. F3-4),F1 7(b)(7)
(4)(p.F4),F17(b)(9)
(5)(p.F6),F17(c)(l)(iv)(B)

2-25
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with
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2.7 GPS ACCURACY

2.7.1 Verification OfGPS Accuracy

Purpose:

Verify the GPS accuracy overa surveyed positionon the ground.

Test Procedure:

1. In the en route, terminal, and approach modes: (1)
• Conduct at least 5 low altitude (<100 ft AGL) passesofone

or more surveyed locations (survey location data mustbe in
either the WGS-84 or NAD-83 coordinate datum; e.g.,
waypoint at the runwaythreshold). (3)

• Push the "save position"button that will recordLat/Lon
when the aircraftcrossesthe designated locationand
comparewith known surveycoordinates.

Evaluation Considerations:

A) Recorded Lat/Lon measurements (1)

Box Mode: En Route Terminal Approach

Accuracy
Required 0.124 nm 0.124 nm 0.056 nm

Known

Lat/Lon

Recorded

Lat/Lon

1

2

3

4

5

2-26
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2.7.1 Verification OfGPS Accuracy

Evaluat on Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

Comments:

Requirements:
(l)(p.F33),F3(j)

Guidelines:

(2)(p.F3),F17(b)
(3)(p.F6),F17(c)(l)(iv)(D)

2-27
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2.8 MOVING MAPS

2.8.1 Moving Map Appearance

Purpose:
To evaluatethe appearance ofthe moving map display in flight
Observe the appearance ofthe map in en routeand approach
modes during straight flight and duringchangesin headingand
course.

Test Procedure:

Examine the appearance ofthe moving map displayduring
straight flight and headingchanges.

Evaluation Considerations:

A) Apparent readability ofdisplay (1)

B) Appearance of smallsymbols and fine linesduringmap
movement (1,2,3,4,5,6)

C) Clarityof locationand headingofaircraftsymbol on plan ft
profile views (1,2,4,5)

D) Map scaleappropriate and clear (1)

E) Map update rateappropriate for en routeand terminal
operations (1,7)

2-28
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2.8.1 Moving Man Appearance

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

Comments:

Requirements:

Guidelines:

(l)(pp.F3-4).F17(bX7)
(2)(p.F27),F2 6(b)(4)
(3) (p. M7), Ml 5.2.4.2
(4) (p. M8), Ml 5.2.6.8.3

Summary Evaluation

Fail Pass

with

excptn

Pass

(5) (p. M8), Ml 5.2.6.8.4
(6) (p. M9), Ml 5.2.6.8.5
(7) (p. 012), 04 5.2.1

2-29
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2.9 ALARMS & ALERTS

2.9.1 Discriminating Alerts

Purpose:

To ensure that all alerts can be discriminated from each other

and from background noise. (1)

Test Procedure:

Foreach alert evaluatethe following:

Evaluation Considerations:

A) Ability ofalert to get pilot's attention

B) Ease ofdiscriminating alert from background

C) Ease ofdiscriminating criticalalerts from other alerts

D) Clarity ofalert message

E) Alert contributionto "noisy" cockpit
• Distraction

F) Effort to deactivate alert

G) Alert reminders ifalert turned offand situation not
reconciled

2-30



2.9.1 Discriminating Alerts

Evaluation

Fail Pass

with

excptn

Pass

A

B

C

D

E

F

G

Comments:

Requirements:
(l)(pp.T12-17),T(a)(3Xxui)

Guidelines:

Summary Evaluation

Fail Pass

with

excptn

Pass

2-31
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2.9 ALARMS & ALERTS

2.9.2 Auditory Oualitv Of Alerts

Purpose:

To ensure that auditoiy alarms are appropriate. (1)

Test Procedure:

Foreach alarm ft alert evaluate the following:

Evaluation Considerations:

A) Clarity ofalarm
• Loudness

• Pitch

• Duration

B) Synthetic or natural speechquality ft intelligibility in terms
of:

• Speech rate
• Accent/dialect

• Gender

• Distinguishable from controllers

C) Length ofauditoiy alarm
• Minimal distraction

• Minimal amount ofattentionto extract message

2-32



2.9.2 Auditory Quality Of Alerts

Evaluat on Summary Evaluation

Fail Pass

with

excptn

Pass Fail Pass

with

excptn

Pass

A

B

C

Comments:

Requirements:
(l)(pp.T12-l7),T(a)(3Xxiii)

Guidelines:

2-33/2-34
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2.10 FLIGHT TEST EVALUATION SUMMARY

Requirement Checklist Fail

a

Pass

Title Title Pfr
Accessibility Quality 2-14

Accessibility
ofControls

Flight Plan Entry
RAIM Check

Flight Plan
Review/Modify

2-6

2-8

Control/

Display
Capability

Moving Map
Appearance 2-28

Control/

Display
Readability

Flight Plan Entry/
RAIM Check

Flight Plan
Review/Modify

Display Quality

2-6

2-8

2-14

Display
Visibility

Display Quality 2-14

Failure Status

Indicators

Types of Alarms &
Alerts

Discriminating
Alerts

Auditoiy Quality
ofAlarms &

Alerts

2-4

2-30

2-32

Flight Plan
Capability

Flight Plan Entry/
RAIM Check 2-6

Manuever

Anticipation
Flight Plan

Review/Modify
Tracking Accuracy
Waypoint

Sequencing &
Turn Anticip.

2-8

2-10

2-12

2-35
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2.10 FLIGHT TEST EVALUATION SUMMARY (Continued)

Requirement Checklist Fail Pass

with

excptn

Pass

Title Title Pfr
Non-Numeric

Display
Information

Tracking
Accuracy 2-10

Numeric

Display
Information

Flight Plan
Review/Modify

Moving Map
Appearance

2-8

2-28

Operation of
Controls

Flight Plan Entry/
RAIM Check

Flight Plan
Review/Modify

Moving Map
Appearance

2-6

2-8

2-28

RAIM

Implementation
Flight Plan Entry/

RAIM Check 2-6

Waypoint or

Leg
Sequencing

Tracking
Accuracy

Waypoint
Sequencing &
Turn Anticip.

MAP With Course

Reversal FAF

MAP With HDG

Intercept BRG

2-10

2-12

2-20

2-22

Waypoint
Storage

Flight Plan Entry/
RAIM Check

MAP With Course

Reversal FAF

MAP With HDG

Intercept BRG

2-6

2-20

2-22

2-36

u



2.10 FLIGHT TEST EVALUATION SUMMARY (Continued)

Checklist Fail Pass

with

excptn

Pass

OVERALL RATING

OVERALL COMMENTS:

2-37/2-38
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APPENDIX T

TSOC129A1

Airborne Supplemental Navigation Equipment
Using The Global Positioning System (GPS)
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(a)(3)(i) Operation of Controls

Add the following requirement to paragraph 2.1.4ofRTCA/DO-
208:

Controlsshallbe designedto maximize operational suitability and
minimize pilot workload. Relianceon pilot memory foroperational
proceduresshall be minimized.

(a)(3)(ii) Accessibility ofControls

Add the following requirement to paragraph 2.1.5ofRTCA/DO-
208:

Controls that are normally adjustedin flight shall be readily
accessible and properly labeled as to their function.

(a)(3)(iii) Sensor Interfaces

In lieu of paragraph 2.1.6 ofRTCA/DO-208, substitute the following
requirement:

The interfaces with other aircraftequipment must be designedsuch
that normalor abnormal RNAV equipment operation shallnot
adversely affect the operationofother equipment nor shall normalor
abnormaloperationofother equipment adverselyaffect the RNAV
equipment operation.

(a)(3)(iv) Control/Display Readability

In lieu of paragraph 2.1.8ofRTCA/DO-208, substitute the following
requirement:

The equipment shall be designed so that all displaysand controls
shallbe readable underall normalcockpitconditions andexpected
ambient light conditions (total darkness to brightreflected sunlight).
All displays andcontrols shallbe arranged to facilitate equipment
usage.

T2
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(a)(3)(v) Maneuver Anticipation

Add the following requirement to paragraph 2.1.10 ofRTCA/DO-
208:

For systems approved for non precisionapproaches (class Al
equipment), maneuveranticipation (turning prior to the "to"
waypoint) shall not be implementedat the missedapproach fix or the
missedapproach holding fix.

(a)(3)(vi) Update Rate

In lieu of paragraph 2.1.11 ofRTCA/DO-208, substitute the
following requirement:

Navigation information used for display shallbeupdated at an
interval of 1.0 second or less.

(a)(3)(vii) Numeric Display Information

In lieu ofparagraph 2.2.1.1.1 ofRTCA/DO-208, substitute the
following requirement:

1. Equipment certified to class A2 shall continuouslyprovide
either a display or electricaloutputwith the following
requirements:

a. The display shall be as accurate as the resolution
required for the displayed full scale range, referenced to a
centered CDI display (see table in paragraph (a)(3)(viii)).

b. The equipment shall providea numericdisplay or
electrical output ofcross-trackdeviation to at least + 20 nm
(left and right). A minimum resolutionof0.1 nm up to 9.9
nm and 1.0 nm beyond shall be provided. The display may
be pilot selectable.

2. Equipment certified to class Al, shall, in additionto the
requirements for class A2:

a. Provide a numeric(digital) display orelectrical outputof
cross-track deviation to a resolution of0.01 nm for

deviations less than 1.0 nm.

T3
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(a)(3)(vii) Numeric DisplayInformation (Continued)

b. Compute and displaytrack angleerror (TAE) to the
nearest one degree. Track angle erroris the difference
between desired track and actual track (magnetic or true).
In lieu of providinga numeric display oftrack angle error,
non-numeric track angle error may be displayed in
conjunction with the display requiredin paragraph
(a)(3)(viu)ofthisTSO.

NOTE I: While the numericdisplay need not be located with the
non-numeric cross-track display (subparagraph
2.2.1.1.2) or in thepilot'sprimaryfield ofview,flight
technical error (FTE) can be reduced whenthe
numeric display is integratedwiththenon-numeric
displayor is locatedwithin thepilot'sprimaryfield of
view. Bothdigital cross trackand trackangleerror
have been shownto reduce FTE. Thisinformation
should be displayed together (eitherwithin the CDUor
remotelydisplayednear the non-numeric display) for
better trackingperformance.

NOTE2: The useofnon-numeric cross trackdata integrated
with non-numeric track angle error data into one
displaymayprovidetheoptimum ofsituation and
control informationfor the best overalltracking
performance.
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(a)(3)(viii) Non-Numeric Display Information

In lieu of paragraph 2.2.1.1.2 of RTCA/DO-208, substitute the
following requirements:

1. The equipment shall continuously provide either a display or
electrical output with the following requirements:

Enroute/

Terminal

Approach
Transition*

Non-

Precision

Approach*

Full-Scale

Deflection (+ nm)
5.0 1.0 0.3

Readability
(Display only, nm)

<1.0 <0.1 20.3

Minimum

Discernible

Movement

(Display only, nm)

<0.1 20.01 20.01

Resolution of

Electrical Output
Percentage ofFull
Scale(+)

1% 1% 1%

Accuracy of
Centered Display
(±nm)

0.2 0.1 0.01

Linearity of
Display or
Electrical Output
(±)

20% 20% 20%

•These displays requiredonly forequipment certified to class
Al.
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(a)(3)(viii) Non-Numeric Display
Information (Continued)

2. The applicablenon-numeric display information shall be
automaticallypresentedupon activationofthe appropriate

u operating mode.

3. A means shall be provided for manual pilot selection ofthe
availabledisplay sensitivities including those automatically
selectedby the system (overriding an automatically selected
sensitivity, during an approach, shall cancelthe approachmode

\j annunciation). Additionally,the equipmentshalldisplay the
non-numeric scale sensitivity.

4. In lieu ofa linear lateral deviation scale for the final approach
segment(finalapproach fix to missedapproach point),an
angular deviation displaythat emulates the nominal ILS

<J localizer/MLSazimuth displayresolution maybe used,
beginningwith a full-scale cross-track deflection of+0.3 nm at
the final approach fix decreasing to +0.0576 nm at the runway
threshold.

(a)(3)(ii) Waypoint Entry

In lieuof paragraphs 2.2.1.5and2.2.1.9ofRTCA/DO-208,
substitute the following requirements:

1. Equipment certified to class A2 shall at least provide the
capabilityto manually enter and display (priorto its utilization

w m the flight plan)the (xwrdlmtes of a waypomtm terms of
latitudeand longitudewith a resolution of0.1 minute or better.
If the equipmentprovides the abilityto entera waypointas a
rangeand bearing from anotherwaypoint, the waypoint input
resolutionshall be 0.1 nm and 1degreeor better.

^ NOTE- Systemsprovidinginputresolution ofonly 0.1 minutemay
require modificationin thefuture as changesto the
NationalAirspace Systemoccur.
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(a)(3)(lx) Waypoint Entry (Continued)

2. Equipmentcertified to classAl shallat leastprovide the
capability to manuallyenter and display (prior to its utilization
intheftightplan)tne<»ordinatesofawaypoimmtennsof

<j latitude and longitude with a resolution of0.01 minute or
better. If the equipment provides the ability to enter a waypoint
as a rangeand bearing from anotherwaypoint, the waypoint
input resolution shallbe 0.1 nm and0.1 degree orbetter.

(a)(3)(x) Waypoint Storage

In lieu of paragraph 2.2.1.6ofRTCA/DO-208, substitute the
following requirement:

1. The equipmentshallprovide an appropriately updatable
navigational data base containing at leastthe following location

w information in terms of latitude and longitude with a resolution
of0.01 minute or better for the area(s)in which IFR operations
areto be approved: all airports, VORs (andVORTACs),
NDBs, and all namedwaypoints and intersections shownon
route and terminal area charts, Standard Instrument Departures
(SIDs), and StandardTerminal Arrival Routes (STARs).

u

NOTE: Manualentry/updateofnavigationdata
base data shall not be possible. (This requirement
does notpreclude the storage of"user defined
data"within the equipment.)

Equipmentcertified to classAl, in additionto the requirements
of paragraph (a)(3) (x)l., shall providethe following:

a. The equipment navigation data base shall also include
all waypoints and intersectionsincluded in published non-
precisioninstrumentapproach (except localizer, LDA, and
SDF) procedures.
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(a)(3)(x) Waypoint Storage (Continued)

b. The equipment shall storeall waypoints, intersections,
and/or navigation aids and present them in the correct
order for a selectedapproachas depicted on publishednon-
precision instrument approach procedurecharts. The
sequenceofwaypoints shall consist ofat least the
following: selected initial approachfix (IAF), intermediate
approach fix(es) (when applicable), final approachfix,
missed approachpoint, and missed approach holding point
Forprocedures with multiple IAFs, the system shall present
all IAFs and provide the capability for pilot selectionofthe
desired IAF. Selection ofthe desired IAF shall

automatically insert the remaining waypoints in the
approach procedure in the proper sequence.

c. Waypoints utilized as a final approach fix or issued
approach point in a non-precision approach procedure shall
be uniquely identified as such to provide properapproach
mode operation.

d. Modification ofdata associatedwith published
instrument approachprocedures by the user shall not be
possible.

e. Waypoint data utilized in non-precisionapproach
procedures shallbe in terms oflatitudeand longitudeand
cannotbe designated in terms ofbearing(radial) and
distance to/from a reference location.

f. When in the approachmode, except for holding patterns
and procedure turns, the equipment must establishthe
desired flight path in terms ofthe pathbetween defined
endpoints up to the missed approachpoint

3. The equipment shall provide the capability forentering,
storing, and designating as partofthe active flight plan a
minimum ofnine discrete waypoints (including the active
waypoint). In addition, forclassAl equipment, it shallstore
and designate as part ofthe active flight planthe complete
sequenceofwaypoints from the navigationdatabase necessary
to completethe selected approach, including the missed
approach.
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(a)(3)(x) Waypoint Storage (Continued)

4. Waypoints shallbe codedin the navigation data baseto identify
them as "fly by" (turnanticipation permitted) or "fly over" (turn
anticipation not permitted) as required by the instrument

o1 approach procedure, SID, or STAR. Waypoints which define
the missed approach point and missed approach holdingpoint
in instrument approach procedures shallbe codedas "fly over."

5. Navigation databasesshallmeet the standards specified in
sections 3,4, and 5 ofRTCA/DO-200, "Preparation,

U Verification and DistributionofUser SelectableNavigation
DataBases" and sections 2 through 7 ofRTCA/DO-201, "User
Recommendations for Aeronautical Information Services."

(a)(3)(xi) Waypoint or Leg Sequencing

<J Add the foUowing requirement to paragraph 2.2.1.7ofRTCA/DO-
208:

1. The equipment shall providethe capability to fly fromthe
present positiondirectto anydesignated waypoint Accessto
this feature shall be by means ofa single actionby the pilot

v> Selection ofthe desired"TO" waypoint may requireadditional
actions.

2. The equipment shall providethe capability foraccomplishment
of holding patients and procedure turns. Activation ofthis
function shall at least:

a. Change automaticwaypoint sequencingto manual.

b. Permit the pilot to readilydesignate a waypoint and
select a desired course (by means ofa numerical keypad
entry, HSI course pointer, CDI omni bearing selector, etc.)

° to or fromthe designated waypoint (TO/FROM mode
operation is acceptable).

c. Retain all subsequentwaypoints in the active flight plan
in the same sequence.

19
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(a)(3)(xi) Waypoint or Leg Sequencing (Continued)

d. Permit the pilot to readily return to automatic waypoint
sequencing at any time prior to the designated fix ("TO"

u waypoint) and continue with the existing flight plan.

3. Class Al equipment, unless incorporating or interfaced with an
appropriate situationalawarenessdisplay(i.e.,an electronic
map), shall be designedto prevent automaticwaypoint
sequencingfrom the missedapproachwaypoint to the missed

\j approach holding waypoint Exceptfor equipment with an
approved electronic map display, course guidanceshall display
an extension ofthe inbound track and distance from the missed

approach waypointuntil manual selectionofthe next desired
waypoint

^ (a)(3)(xii) Approach Mode Selection
and Sequencing

Add the following requirement to RTCA/DO-208:

1. For accomplishment of non-precisionapproaches,when an '
\J approach is included in the active flight plan, class Al

equipment shall provide the following:

a. At a radial distance of30nm from the destination

airport (not distance along the flight plan route), the
eqmpment shall provide an approach enable alert After

<0 display of this alert, a means shall be providedto enable
the approach mode with a single action by the pilot The
approach modeshall not engageunlesspreviously enabled
by the pilot Concurrentwith the approachenablealert, a
suitable meansto alert the pilot ofthe need to manually
insert the barometric pressure settingshallbe provided

<J (unless the automatic altitude input utilizes barometric
corrected altitude data).

b. Upon activationofthe approach mode, the equipment
shall provide a smooth transition from 5 nm non-numeric
displaysensitivity to 1 nm sensitivity.

T10
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(a)(3)(xii) Approach Mode Selection
and Sequencing (Continued)

c. At a distanceof3 nm inbound to the final approachfix,
the equipmentshallprovide an annunciation indicating an

u automatic non-numeric display sensitivity change will
occur, ff the approach mode was not previouslyactivated,
the approach enablealert shallbe repeated.

d. At a distance of2 nm inbound to the final approach fix,
the equipment shall:

i. Immediately transition from terminal integrity
performanceto approach integrity performanceas
specified in Table 2-1 ofRTCA/DO-208.

ii. Provide a linear transition from 1 nm non-

<J numeric display sensitivity to 0.3 nm sensitivity at the
final approach fix.

5. If the pilot manuallysequences to the missedapproach holding
point, the equipment shall:

\> a. Transition from approach integrity performanceto
terminal integrity performance as specified in Table 2-1 of
RTCA/DO-208.

b. Provide a smooth transition from 0.3 nm non-numeric

display sensitivity to 1 nm sensitivity.
<J

6. A means shallbe providedfordeselection ofthe approach mode
with a singleaction by the pilot Deselection ofthe approach
mode shall:

a. Transition from RNAV (non-precision) approach
^ integrity performance to terminalintegrityperformance as

specified in Table 2-1 ofRTCA/DO-208.

b. Provide a smooth transition from 0.3 nm non-numeric
display sensitivity to 1 nm sensitivity.

u

<J
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(a)(3)(xii) Approach Mode Selection
and Sequencing (Continued)

7. If theability to perform DME arcs is provided, the equipment
shall permit the pilot to readily accomplish suchprocedures in

\j accordance with published non-precision approach procedures
utilizing pilotingtechniques similarto thoseapplicable to use
ofthe reference DME facility.

(a)(3)(xUi) Failure/Status Indications

^j In lieu ofparagraph 2.2.1.10ofRTCA/DO-208, substitutethe
following requirement:

The equipment shallindicate, independent of anyoperator action,
the following:

<J 1. By means of navigation warning flag onthe navigation display:

a. The absence of powerrequired for the navigation
function.

b. Any probable equipment malfunction or failure
^J affecting the navigation function.

c. Loss ofnavigation function.

d. Forequipment certifiedto class Al, inadequateor
invalid navigationdatain the approachmode detected in

\j accordance with RTCA DO-208 paragraph 2.2.1.13, Table
2-1, and paragraph (a) (3) (xv) ofthis TSO.

e. For equipment certified to class Al, the loss ofthe
RAIM detection function in the approachmode at the final
approach fix.

f. For equipment certified to class Al, loss ofthe RAIM
detection function in the approach mode, after passing the
final approach fix. However, the navigation warningflag
shall not be displayed until the RAIM detection functionis
lost for more than five minutes.
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(a)(3)(xiii) Failure/Status Indications (Continued)

2. By meansofan appropriately located annunciator

a. When RAIM is not available, inadequate navigation
data dueto poor space vehicle geometry suchthatthe
probability that navigation errorexceeds the position
integrityperformance requirements in RTCA/DO-208
(Table 2-1) is greater than or equalto .05.

b. The RAIM functiondetectsa podtion errorthat exceeds
the GPS position integrityperformance requirements in
RTCA/DO-208 (Table 2-l).c.

c. Loss ofthe RAIM function. Displayofthe integrity
annunciationmay be delayed for a periodoftime consistent
with the requirements ofparagraph (a)(3) (xiv) ofthis
TSO.

d. Forequipmentcertifiedto class Al, predicted
unavailability ofthe RAIM detection functionas specified
in paragraph(aX3)(xv)l.

e. Forequipmentcertifiedto class Al, when operating in
the approachmode without RAIM and navigation
performanceis degradedbecauseHDOP exceeds 4.0.

T13
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(a)(3)(xiii) Failure/Status Indications (Continued)

TABLE 2-1

GPS POSITION INTEGRITY PERFORMANCE

REQUIREMENTS

Performance Item

Phase of Alarm Maximu iEunitoll Minimum

Flight Limit * m illliiBI Detection
,?^Y Allowable Probability

Alarm
- Rate 11111111111

En Route 2,0 0.002/hr lllllll 0.999

(Oceanic, JDHU : Iselomis:!!
Domestic, lpllllls^;:*
Random f lllllllti
&J/V > ^^i|i:j|;|i;Sli||p

Routes)
-. §§§|!!!l§lfl

Terminal
ntni -

0.002/hr iojiiiii
seconds ••;

0.999

RNAV 0.3 0.002/hr 1811111 0.999

Approach nmi |Hb
(Non- - , , •:•:•:&&:•:•&•:*:•:•:•£

Precision) ll|l|ll?l!|

NOTES:

a. A failure is defined to exist when the GPS horizontal

radial positionerroris outsidethe specifiedalarmlimit for
the phase offlight in progress. Conversely, no failure
exists when the error is within the specific bound.
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(a)(3)(xiii) Failure/Status Indications (Continued)

b. Maximum allowable alarm rate refers to the total alarm
rate with the equipment in normal operationwith no
satellite malfunction. It is antidpatedthat most integrity
alarms, even though rare,will be inducedby the normal
effects ofselective availability, propagationuncertainties
and receiver noise. Alarms due to unannounced satellite

malfunctions are expected to be extremely rare. The alarm
rate specified allows an average ofonly one alarm per
15,000 two-minute intervals. (Correlation times of
selectiveavailability areassumedto be approximately two
minutes.) The specified alarmratedoes not include those
periods when the integrity system is declaredinoperable
due to poor detection geometry ofthe satellites. This alarm
rate applies globally at all times regardlessofthe
constellation at hand.

c. Time to alarm is defined to be the maximum allowable

elapsedtime from the onset ofthe failure, as defined in (a.)
above, until the time that the integrity alarmis
annunciated.

d. Detection probablyis defined as 1 - miss probability.
Miss probability is the conditional probabilitythat the
detection algorithmdeddes that a failure is not present
when, in fact, a failureexists. The integrity system shall
meet the specified detection probability globallyat all times
for single satellite failures, except for those conditions
where integrity cannotbe assuredand the flag is displayed
accordingly (see subparagraph 2.2.1.13.2 b). The specified
detection probabilityshall apply regardless ofthe
constellation at hand. This probability is such as to provide
an undetected failure rateof3.8E-8 per flying hour,
providedthat the rateofunannounced gradual satellite
failures is no greaterthan one failure per nine months for
the entire 24-satellite constellation. (This is the equivalent
ofan MTBF of 18 years forthis type of failure for
individual satellites.)
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(a)(3)(xiii) Failure/Status Indications (Continued)

e. I^uipmem manufacturers havethe optionofusing more
stringent requirements than those given in this table. For
example, some manufacturersmay chooseto have only two

U levels ofalarm limits, 0.3 nmi for non-precision approach
and 1.0 nmi for all other phases offlight Such a deviation
is within the intent ofthis table.

f. All ofthe specificationsgiven in this tablemust be met
with selective availability in progress on all satellites being

</ used. See subparagraph2.5.2.5 for the assumptions about
selective availabilitythat are to be used for testing.

These failure/status indications) shalloccurindependently
ofany operator action.

U NOTE: It is impracticalfor the operator to
monitor, unaided, the changingparameters that
affect accuracy. Therefore, the equipment should
monitorthoseparametersfor degraded
performancethat may resultfrom propagation,
reception, geometry, selectiveavailability (SA) or

^J other effects to the extentpossible andbe capable
ofautomatic compensation, deselectionor manual
deselectionfollowing annunciation ofdegraded
performance.
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(a)(3)(xiii) Failure/Status Indications (Continued)

3. Additional navigationdata (such as distance to waypoint time
to waypoint, ground speed,etc.) shallbe removed or flagged
when the adequacy of navigation informationupon which this

\j data is based cannot be assured.

NOTE: Presentationofafailure/status annunciation does not
requireremovalofnavigation informationfrom the
navigationdisplay. Consideration shouldbe given to
continue displayofnavigation information concurrent with

<j thefailure/status annunciation when conditions warrant.

NOTE: It is impracticalfor theoperator to monitor, unaided, the
changingparameters thataffectaccuracy. Therefore, the
equipment shouldmonitor those parametersfor degraded
performancethat mayresultfrom propagation, reception,

U geometry, selective availability (SA) or other effects to the
extent possible and be capable ofautomaticcompensation,
deselection, or manual deselection followingannunciation
ofdegraded performance.

4. Approach mode stams/annnndations. Equipment certified to
<j class Al shall provide:

a. An annunciationthat the approachmode is enabled.

b. An annunciation that the systemism the approach
mode (RAIM in RNAV (non-precision) approachintegrity

<j performanceand non-numericdisplay in approach
sensitivity).

c. An annunciationof impending automaticnon-numeric
display sensitivity changeto approachsensitivity.

o> d. An annunciationto alertthe pilot ofthe need to
manuallyinsertthe barometric pressure (unlessautomatic
altitude input utilizing barometric corrected altitude data is
available).

e. An annunciation to alertthe pilot to enablethe approach
<J mode.

T17
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(a)(3)(xiv) Annunciation of Integrity Alarm

Delete the second sentence ofthe opening paragraph 2.2.1.13.2 of
RTCA/DO-208 and replace with:

vj 1. A separate and distinctive indication shall be raised in each of
the following two circumstances.

Add the following requirement to paragraph 2.2.1.13.2 of
RTCA/DO-208:

^ a. In order to miniimre nuisance integrity alarms
when systemnavigation accuracyis otherwise not in doubt,
properly substantiated compensating features(such as clock
coasting, inertial data, other sensors, etc.) may be
incorporated into the system. The alarm under these
conditions maybe delayedfor a period of time consistent

U with the worst cases ofundetected clock drift or other

failures that would cause the position error to exceed the
accuracyrequiredfor that phaseof flight The applicant
must developappropriate test proceduresto demonstrate
that the proposedcompensatingfeaturesprovide the
required level of navigation accuracyand integrity.

(a)(3)(xv) RAIM Implementation

Add the following requirement to paragraph 2.2.1.13.3 of
RTCA/DO-208:

<J 1. The RAIM function shall provideterminal integrity
performance as specifiedin Table 2-1 of RTCA/DO-108within
30 nm of the departure and destination points. In addition,
approach mode (class Al equipment) integrity performance
shall be provided from2 nm priorto the finalapproachfix to
the missed approach point En route integrity performance

^ shall be provided during other conditions.

<J
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(a)(3)(xv) RAIM Implementation (Continued)

2. The equipmentshallautomatically selectthe appropriate RAIM
integrity performancerequirements.

1^1 3. Equipment certifiedto class Al shall:

a. Upontransition to approach integrity, automatically
verify (viathe RAIM prediction function) that satellite
vehicle geometry will be suitable duringnon-precision
approaches to enable the RAIM function tobeavailable

kj uponarrival at the final approach fix andthe missed
approach point. Satellite vehiclefailures (detected and
deselected by theequipment) thatoccur after the final
approach fix whichprevent the RAIM detection function
do not require annundation for a period of 5 minutes.

u b. Provide the pilot, uponrequest, a means to determine if
RAIM will be available at the planneddestination at the
estimated time ofarrival (ETA) (within at least ±15
minutescomputed in intervals of 5 minutes or less). Once
complete almanac data hasbeenreceived, this capability
shallbe available at any time after the destination point

kj and estimated time ofarrivalat that point areestablished.
The availability of corrected barometric altitude (either by
automatic or manual altimeter setting input) may be
assumed forthis purpose (for the purposes ofthis
calculation, an acceptable value ofsbaro is 50 meters).

u c. Display, uponrequest, RAIM availability at the ETA and
over an interval ofat least +15 minutes computed in
intervals of 5 minutes or less about the ETA.

(a)(3)(xxU) Flight PlanCapability

O Add the following requirement to RTCA/DO-208:

The equipmentshallprovide the capability to create, display, and
edit a flight planconsisting ofa minimum of 9 waypoints. A means
shall be provided to readily display each waypoint, individually or
together, ofthe active flight plan(in sequence) for review.

u
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APPENDIX R

RTCA/DO-208

Minimum Operational Performance Standards
For Airborne Supplemental Navigation

Equipment Using Global Positioning System
(GPS)
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2.0 Equipment Performance Requirements
and Test Procedures

2.1 General Requirements

The following general requirements shall be met by all RNAV
equipment

2.1.4 Operation of Controls

Controls intended for use during flight shallbe designed to
minimize errorsand, when operated in all possible combinations
and sequences, shall result in a condition whose presenceor
continuation would not be detrimental to the continued

performanceofthe equipment

2.1.5 Accessibility of Controls

Controls that are not normally adjustedin flight shall not be
readily accessible to the operator.

2.1.7 Control/Display Capability

A suitable interface shall be providedto allow datainput, data
output and control ofequipment operation. It shallbe possible for
me operatorto rnanuallyselect waypoint(s). The control/display
shall be operable with the use ofonly one hand.

2.1.10 Maneuver Anticipation

Maneuvers such as turns to intercepta new course; transitionsto
an establisheddirect-to leg; changes in climb, descent, level-off or
change ofascent/descentangle must be antidpated when operating
in the airspace. This anticipation may be accomplished through
computational techniques within the equipment, operational
proceduresor a combination ofboth. Regardless ofthe method
chosen to implement maneuver antidpation, aircraftperformance
envelopes directly influence the effectivenessofthis requirement
(see Subsection 3.2 and Appendix H).
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2.2 2D RNAV Functional and Accuracy
Requirements - Standard Conditions

2.2.1 Equipment Functional Requirements

2.2.1.2 Waypoint Distance Display

Distance to the waypoint shallbe displayed on demandwith a
resolution of0.1 nmi orbetterup to a rangeof99.9 nmi fromthe
waypoint, and it shall be 1.0 nmi or better at greaterranges. The
equipment shall havethe capability to displayvalues ofdistance to
waypoints ofat least 150 nmi for TO-FROM equipment and at least
260 nmi forTO-TO equipment

NOTE: Foren route operation withrandom route clearance, a
muchgreater distance betweenwaypointsmay be
desirable.

2.2.1.3 TO-FROM Indication

ForTO-FROM equipment, a continuousdisplay or electricaloutput
shall be provided to show whether the aircraftis behind or aheadof
the activewaypointrelative to an imaginary line perpendicular to the
desiredpathand passingthroughthe activewaypoint

ForTO-TO equipment, which allowsoverflyingofthe active
waypoint, a continuous display or electricaloutput shallbe provided
to show when the aircrafthas passedan imaginary line
perpendicularto the desired path and is passingthrough the active
TO waypoint

2.2.1.4 Flight Path Selection

The equipment shall providea means of selectingand displayinga
flight path defined by two waypoints. Additionally, ifa TO-FROM
mode is provided,the equipment shall providea means ofselecting
and displaying an active waypoint and a desired coursethrough the
waypoint. The entry and displayresolution of sucha selectedcourse
shallbe one degree or finer.

NOTE: It is assumed herein that the selected course is entered

digitally. Ifanalog techniques are used, it shall be
demonstratedthat the error in selecting the course does
not exceed 0.5 degree.
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2.2.1.7 Waypoint or Leg Sequendng

Means shall be provided, dther manually or automatically, to
utilize a series ofstored waypoints in any selected order.
Provisions shall be made to display the identification ofthe active
waypoint and to preview the next waypoint or leg available for
activation. The active and storedwaypoints need not be displayed
simultaneously. Means shallbe providedto indicate whether or
not the displayed waypoint is the active waypoint

2.2.1.8 Position Display

The computed aircraftposition shallbe availablefor display in
terms ofrange and bearing to or from the active or parent
waypoint Resolution ofrangeand bearingshallbe at least 0.1
nmi and 1.0 degreeup to 99.9 nmi, then at least 1.0 nmi and 1.0
degree beyond. Some equipment may also display this information
in latitude/longitude. If displayed, it shall have a resolution ofat
least 0.1 minute.

NOTE: The intent ofthis requirementis to permit the operator to
provide this information toATC uponrequest.

2.2.1.11 Satellite Selection and Indication

The equipment shall providethe capabilityto:

a. automatically select satellites for use in navigational
computation.

b. determine suitabilityofeach satellite for use by data
content including all appropriate parameters such as
"health"status, completealmanac data, correctephemeris
and correctness ofparity.

c. remove satellite from use when it is not suitable.

d. provide a warning consistentwith the integrity
requirements for the intended phase offlight
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2.2.1.12 Equipment Computational Response
Time AfterWaypoint Entry

The time lag between time ofwaypointdata input and display of
navigation guidance derived from the data shall not exceed five
seconds.

NOTE: Equipmentoutputsmay befiltered or "eased on"consistent
witiidesired aircraftdynamics andoperating conditions.

2.2.1.13 Integrity Alarm for GPS Receivers

2.2.1.13.1 General Integrity Requirements

The equipment shall provide integrity assurance. Regardlessofthe
method used to ensure integrity, the integrity system shall meet the
general specifications given in Table 2-1. The explanatorynotes
accompanying Table 2-1 are an essential part ofthe table.

2.2.1.13.2 Annunciation of Integrity Alarm

The GPS equipment must give a dear and timely annunciation of
alarm for each phase offlight being conducted. The alarm shall be
raised in either ofthe following two circumstances:

a. The integrity monitoringequipmentindicates that the GPS
horizontal radial positionerroris outside the specified
alarm limit for the phase offlight in progress.

b. There exists an absenceofa positive integrity check ofthe
navigationsolution forany reason, be it poorsatellite
geometry, inadequatesatelliteredundancy, potential
equipment failure, etc.

The term "timely" means that the alarm annunciation shall take
placewithin the specified time to alarm for the phaseofflight in
progress.

No spedal form for the alarm presentationis specified in this
document, except that for non-precisionapproach there must be an
annunaation on the primary navigationdisplay that indicates invalid
integrity verification for this phaseofflight
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2.2.1.13.3 RAIM Implementation

GPS equipment manufacturers have the option of using any RAIM
technique that will meet the specifications given in Table 2-1 and
other specifications stated in subparagraph 2.2.1.13.2 of this
document The equipment manufacturer shall be required to
demonstrate compliance with these specifications (see
subparagraph 2.5.2.5).

13 (VNAV) Functional and Accuracy
Requirements - Standard Conditions

2.3.1 Equipment Functional Requirements

In addition to the 2D RNAV requirements listed in Subsection 2.2,
the following set of functional requirements are those that VNAV
equipment shall meet, as a minimum, to operate safely and
efficiently. These are establishedto ensure acceptable operationin
the vertical plane regardless ofVNAV equipment type.

2.3.1.1 Waypoint Altitude

The equipment shall provide a manual means of entering and
storing an altitude directly associated with the active waypoint
The resolution of waypoint altitude entry shall be 100 ft. or better
for en routeand terminal flight phasesand 10 ft. or better for the
approach phase. This requirement shall be met over the altitude
range as specifiedby the equipment manufacturer.

2.3.1.2 Vertical Path Deviation

The equipment shall continuously provide an dectrical output or
other means for determination of the magnitude and direction of
the vertical deviation from the desired vertical profile. Means of
determining the vertical deviation shall provide not less than +500
ft. range for en routeand terminal, and ±150ft. for approach, and
with resolutions not greater than 100ft and 30 ft, respectively.
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2.3.1J Vertical Profile

• a. Forascents, ifthe capabilityis provided in the system, the
equipment shall provide a reference vertical profile that
aids in compliance with altitudeconstraints at waypoints.

b. Forlevel flight segments, if the capability is providedin
the system,the equipment shallprovide a reference vertical
profile thataidsin compliance with the specified altitude.

c. For descent segments prior to the final approach fix
u waypoint, the equipment shallprovide a reference vertical

profile thataidsin compliance with altitude constraints at
waypoints. Straight line profiles maybe usedbut arenot
required.

d. In the approach phase starting with the finalapproach fix
v waypoint, the equipment shallprovide a meansof

specifying a constant altitude rate (linear variation of
along-track distance withaltitude vertical profile) to be
followed. This profile maytake the form ofa line
connecting twowaypoints with theirassociated altitudes or
a line terminatingat or emanatingfroma specified

<J waypoint(with its associated altitude) at a specificgradient
angle.

e. Forequipment that specifies gradient angles,the angle
resolution shall be 0.1 degree or better.

<J 3.0 Installed Equipment Performance

3.1 Equipment Installation

3.1.1 Accessibility

^ Controls installedforin-flightoperation shallbe readilyaccessible
from the pilot's seated position.

R7

//>



3.1.2 Display Visibility

The appropriate flight crew members) shall have an unobstructed
view of displayeddata when in the seated position. Displays used
for maneuver antidpation and for failure annunciation shall be
located within the pilot's primary field of view. The brilliance of
any display shall be adjustable to levels suitable for data
interpretation under all cockpit ambient light conditions ranging
from total darkness to reflected sunlight

The approach mode annunciationand distance to waypoint in the
approach mode shall be clearly visible to the pilot with the least
practicable deviation fromhis normalposition and from his line of
vision when he is looking forward alongthe flight path.

NOTE: Visors, glareshlelds or filters may be an acceptable means
ofobtaining daylight visibility.

3.1.4 Inadvertent Turnoff

There shall be a minimal risk ofinadvertent turnoff.

3.3.5 Warm-Up Period

Unless otherwise specified, all tests shall be conducted after the
manufacturer's specified warm-up (stabilization) period. This
period shall not exceed 15 minutes.

4.0 Operational Characteristics

4.1 Required Operational Characteristics

4.1.2 Navigation Displays

Each of the required displays for detenmning position and
relationship of the airplane to the desired course shall be available
for use.

4.1.3 NavigationControls

Each cockpit control required for proper operation of the
equipment shall be available for use.
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APPENDIX Fl

FAA-AC-20-138

Airworthiness Approval Of Global
v Positioning System (GPS) Navigation

Equipment For Use As A VFR and IFR
Supplemental Navigation System
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4. BACKGROUND

g. General Operational Limitations.

(3) IFRNavigation Equipment. GPSequipment for IFR
^ navigation is for use as a supplementalnavigation

system. The installation ofGPSequipmentdoesnot
affectthe requirement for primary meansofnavigation
appropriateto the route intended to be flown. Within
the contiguous United States, Alaska, Hawaii, and
surrounding coastal waters, this requirement canbe met

u with an operational, independent VOR receiver.
Additional navigation equipment redundancy may be
requiredforoperation in oceanic and remoteairspace.

6. SYSTEM ACCURACY

b. Flight Technical Error (FTE). Since FTE factors are

normally beyond the controlofequipment manufacturersor
installers, these error sources are not included in the
accuracyspecificationsin paragraph 6a(l). The FAA has
determined that when properly installed in an aircraft, Class

V-> A equipment meeting the operational and display
characteristics contained in this AC and TSO-C129

provided for acceptablevalues ofFTE. FTE should not
exceed 1.0 nmi for en route, 1.0 nmi forapproach transition,
or 0.25 nmi for approachoperatingmodes on a 95 percent
basis.

AIRWORTHINESS CRITERIA FOR GPS

INSTALLATIONS USED AS A

SUPPLEMENTAL NAVIGATION

SYSTEM LIMITED TO VISUAL

FLIGHT RULES (VFR) ONLY

a. Application Process.

(1) The initM (first-tmie aiworthmess approval)
certificationofa GPS navigationsystem should be
accomplishedvia the TC or STC approval process.
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(2) Subsequent (follow-on)installationsofthe same GPS
navigation system (hardware and software) in other
aircraft are approved using a less extensive evaluation
processsince the basicengineeringdesign ofthe GPS
equipment has alreadybeen evaluated. Approval of
follow-on installationsmay be accomplished via the TC,
STC, or FAA Form 337 process. The extent of required
regulationsdependsupon the degreeof integrationofthe
GPS system with other aircraft systems, the similarity
between the initial and follow-on aircraft models, and
other changesthat may have been incorporated in the
GPS navigationsystem. The decision to allow an
applicant to use FAA approved engineering data in
supportofan FAA Form337 approval is left to the field
inspector'sjudgement The FAA Airworthiness
Inspector'sHandbook(FAA Order 8300.10) provides
guidance applicable to GPS equipment installations.

b. Airworthiness Considerations. GPS equipment approved for
VFR use only doesnot require TSO-C129 authorization,
however it must at least meet the en route/terminal system
accuracycriteria(0.124 nmi, 95 percentprobability)
contained in paragraph 6a ofthis AC. Airworthiness

O considerations should include the following.

(4) Navigation Source Annunriator. A navigation source
annunciatoris providedon or near each affected display if
the GPS installation supplies any information to displays
such as a horizontal situation indicator (HSI), course

o deviation indicator(CDI), distance display, electronic
map, etc., which can alsodisplay information from other
systems normallyused foraircraftnavigation.

(7) System Controls. Displays and Annundators. All
displays, controls,and annunciators must be easily

o readable underall normal cockpit conditionsand
expected ambient light conditions (total darkness to
bright reflected sunlight). Night lighting provisions must
be consistentwith othercockpit lighting. All displays
and controls shouldbe arranged to facilitate equipment
usage. Controlsthat arenormally adjustedin flight shall

F3

Uf



be accessible and properly labeled asto their function.
System controls and displays shouldbe designedto
maximize operational suitability andminimize pilot
workload. System controlsshouldbe arranged to
provide adequateprotectionagainst inadvertent system

<j turnoff. Relianceon pilot memory foroperational
procedures shall be niinimized.

(8) Navigation/Integrity Annunaation. The GPS
equipmentshouldindicate, independent ofany
operation action:

u

(i) The following conditionsby meansofa navigation
warning flagon the navigationdisplay:

(A) The absence ofpowernecessary for the
navigation function.

<j

(B) Probable equipmentmalfunctionsor failures
affecting the navigation function.

(C) Loss ofnavigation function.

u (ii) If an integritymonitoring functionsuch as RAIM is
provided, an appropriately located annunciator shall
be provided to indicateloss ofthe integrity
monitoring function.

Notel: Forequipment not incorporatingan external
vJ navigationdisplay (CDI, HSL etc.) complete blanking

ofthe ControlDisplayUnit (CDU) displayis
acceptable.

Note 2: Presentationofa failure/status annunciation (flag or
integrity annunciation)does not requireremoval of

^ navigationinformation from the navigation display.

(9) Autopilot/Flight DirectorCoupling. The GPS
navigation system may be coupled to autopilotand/or
flight director system, ifa deviationor steeringoutput
that is compatible with the copilot/flight director system

u is provided andno unusual interface is required.
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(10) VFR Limitation Placard. A placard stating "GPS
limited to VFR use only" must be installed in clear view
of, and readable by, the pilot

c. VFR Airworthiness Approval. There are two types ofVFR
airworthiness approvalswhich refer significantly as to test
requirementsand data analysis.

(1) First-Time VFR Airworthiness Approval Criteria (for a
Particular Type ofGPS Equipment). This type of
approval refersto the very first time an applicant presents
a particular (hardware and softwareconfiguration)model
GPS navigation system for FAA airworthiness
installation approval and certification for VFR navigation
use. The first approvalofa particularGPS navigation
system must be accomplished throughthe TC or STC
process. Eachnew model ofGPS equipment or
significant changes(hardware or software)to existing
equipment shall undergo the same approval processas the
original equipment unless it can be shown by analysis and
tests acceptable to the administrator that the new model
will function as well or better than the approved
equipment The first-time approval is conducted in four
phases:

(i) Lab/Bench Tests and Equipment Data Evaluation.
This phase consists ofthe following:

(A) Review ofthe manufacturer's procedures for
developmentofsoftware and reviewofsupporting
documentationin accordance with the guidelines
of paragraph 7b(5) ofthis AC.

(B) Analysis of failure modes and annunciations.

(C) Review ofreliability data to establish that all
probable failures affecting the navigation function
are detected.

(D) Review of installation and maintenance manuals.

(E) Evaluation ofthe operator's manual (pilot's
guide).
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(iv) Flight Test Evaluations. Flight tests are
conducted to verify properoperation and accuracy
ofthe GPS equipment as installed in the aircraft.
Flight tests should include at leastthe following:

Note: Required flight evaluations for the first-time
airworthiness approval ofa particular GPS system are
accomplished by the cognizant Aircraft Certification
Office (AGO) unless specifictests aredelegated by the
ACO to a flight test pilotdesignated engineering
representative (DER).

(A) EvaluationofinstalledGPS navigationsystem
to verify that it is functioning properly, safely,
and operates in accordancewith the
manufacturer's specifications.

(B) Evaluationofsteeringresponse while the
autopilotand/orflight director coupledto the
GPS equipment during a variety ofdifferent
track and mode changes. All availabledisplay
sensitivities should be evaluated.

(C) Evaluation to verify the GPS installation does
not adverselyaffect other onboardequipment
(this test may be partiallyaccomplishedas a
ground test).

(D) Validate GPSnavigation systemaccuracy by at
least 5 low altitudeoverflightsofone or more
surveyedlocations (ensure surveypoint
coordinates arerelativeto WGS-84/NAD-83).
An acceptable method ofconducting this
accuracydemonstrationis to accomplish low
altitude(less than 100 feet AGL) overflightofa
runwaythreshold and record the GPS position
as the aircraft crosses the threshold. The system
accuracy is the distance between the coordinate
position ofthe surveyed location (runway
threshold). Runwaythreshold coordinates may
be obtained fromthe airport operator. If
coordinate data conversion WGS-84/NAD-83 is

necessary, contactthe National Flight Data
Center at (202) 267-9277.
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(E) Evaluation ofthe accessibility ofall controls
pertaining to the GPS installation.

(F) Evaluation of the visibility of the controls,
displays, and annunciators relating to the GPS

u installation during day and night lighting
conditions. No distracting cockpit glare or
reflections may be introduced and all controls
must be illuminated for identification and ease of

use. Flight lighting shall be consistent with other
cockpit lighting.

u

8. AIRWORTHINESS CRITERIA FOR

GPS INSTALLATIONS USED AS A

SUPPLEMENTAL NAVIGATION

SYSTEM UNDER INSTRUMENT

'- FLIGHT RULES (IFR)

a. Application Process.

(1) The initial (first-time airworthiness approval) certification
of a GPS navigationor sensorsystemrequiresextensive

^ engineering and flight test evaluations and must be
accomplishedvia the TC or STC approval process.

(2) Subsequent (follow-on) installations of the same GPS
navigation system (hardware and software) in other
aircraft are approved using a less extensive evaluation

^ process since the basicengineering designofthe GPS
eqmpmenthas alreadybeen evaluated. Approval of
follow-on installationsmaybe accomplished via the TC,
STC,or FAAForm337process. Theextentof required
evaluationsdependsupon the degreeof integrationofthe
GPS system withotheraircraftsystems, thesimilarity

^ betweenthe initial and follow-on aircraft models, and
otherchangesthat mayhavebeenincorporated in the
GPS navigation system. The decision to allow an
applicantto use FAAapproved engineering data in
supportof an FAAForm337approval is left to the
field inspector'sjudgment The FAA Airworthiness

^ Inspector's Handbook (FAA Order 8300.10) provides
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guidance applicable to GPS equipment installations.
Changes to softwareaccomplishing navigation,
integrity,or availability functions or significantchanges
to operating limitationscannotbe accomplished using
the FAA Form 337 process.

AirworthinessConsiderations. GPSnavigationequipment
approvedas a supplementalnavigationsystem for oceanic
and remote en route,domesticen route, terminal, and non-
precisioninstrumentapproach (except localizer, IDA, and
SDF) operationsdoes not requireTSO-C129 authorization,
howeverit must meet the minimum navigation performance
and operationstandards ofClassAl or A2 equipment, as
applicable, specified in TSO-C129 and this AC.
Airworthiness considerations should include the following:

(1) System Integrityand SoftwareDevelopment Loss of
navigationinformationis considered to be a major
failure condition for the aircraft as defined in AC
25.1309-1A; AC 23.1309-A; AC 27-1; or AC 29-2A, as
applicable to the aircraft Providing/presenting
hazardouslyinisleadinginformation to the flight crew is
also consideredto be a major failurecondition for the
aircraft. GPS navigationdata is consideredto be
hazardously misleading when unannundatedposition
errors exist that aregreater than those specifiedby the
GPS position integrityperformance requirements in
Table 2-1 of RTCA/DO-208. The applicant should
conduct a safety assessmentofthe GPS equipment
installationto verify that designerrors and failure
modes that produce majorfailure conditionsare
improbable.

(2) Display Format/Operating Procedure Changes.
Changes to navigational display formats and
navigation/function operating procedures (implemented
through hardware or software) mayconstitute major
changes requiringadditionalevaluation.

(3) Location ofthe GPS Display. Each display dement
(i.e., the cross trackdeviation display (CDI), horizontal
situationindicator (HSI), mapdisplay, etc.),usedas a
primary flight instrumentin the guidance and controlof
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the aircraft, for maneuver antidpation, or for
failure/status/integrity annunciation, shall be located
where it is visible to the pilot (in the pilot'sprimary field
ofview) with the least practicabledeviation from the
pilot'snormalpositionand line ofvision when looking
forward along the flight path.

Note 1: CDI displayscontainedin the CDU will most likely not
be acceptable for IFR operations.

Note 2: Flight technicalerror(FTE) can be reducedwhen
numeric display information is integratedwith the non-
numeric displayor is located within the pilot'sprimary
field ofview. Both digital cross track and track angle
error have been shown to reduce FTE. This information

should be displayedtogether (eitherwithin the CDU or
remotely displayed near the non-numeric display) for
better tracking performance. The use ofnon-numeric
cross track data integratedwith non-numeric track angle
error datainto one display may providethe optimum of
situation and control information for the, best overall

tracking performance.

(4) FailureProtection. Any probable failure ofthe airborne
GPS navigation system shall not degradethe normal
operationof other required equipmentor create a flight
hazard. Likewise, normal operationofthe GPS
equipment installationshall not adverselyaffect the
performance ofotheraircraft equipment Tiie interfaces
with other aircraftequipment must be designed such that
normalor abnormal GPSequipmentoperation shallnot
adverselyaffectthe operation ofotherequipmentnor
shall normalor abnormal operation ofotherequipment
adverselyaffect the GPS equipmentoperation.

(6) Electromagnetic Compatibility. The GPSnavigation
system should not be the sourceofobjectionable
electromagnetic interference, norbe adversely affectedby
electromagnetic interference fromotherequipment in the
aircraft.
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(8) System Controls. Displays and Annunciators. All
displays, controls,and annunciatorsmust be readable
under all normal cockpit conditions and expected
ambient light conditions (total darkness to bright
reflected sunlight). Night lighting provisions must be
compatible with other cockpit lighting. All displays
and controlsmust be arrangedto facilitate equipment
usage. Controlsthat arenormally adjustedin flight
shallbe accessible and properly labeled as to their
function. System controlsand displays shall be
designedto maximize operational suitability and
minimize pilot workload. System controls shall be
arrangedto provideadequateprotectionagainst
inadvertent system turnoff. Reliance on pilot memory
for operationalproceduresshall be minimized.

(9) Navigation DataBase. The GPS equipment shall
incorporate an appropriately undatablenavigationdata
base (in the WGS-84 or NAD-8 coordinate datum)
containing at least the following location information in
terms oflatitude and longitude with a resolutionof0.01
minute or better for the area(s) in which IFR operations
areto be conducted: all airports,VORs (and
VORTACs), NDBs, and all named waypointsand
intersections shown on en route and terminal area

charts, Standard Instrument Departures(SIDs) and
Standard Terminal Arrival Routes (STARs). For Class
Al equipment, the navigation database must also
include all waypoints and intersections included in
publishednon-precisioninstrument approach(except
localizer,LDA, and SDF) procedures. Instrument
approaches must be conducted using a current data
base. User entry or modification ofnavigation data base
data shall not be possible. (This does not precludethe
storageof"userdefined data"within the equipment)
Additional databasecoding, storage,and approach
waypoint presentationrequirements as specified in
TSO-C129 must be provided. Navigation databases
shall meet the standards specified in sections 3,4, and 5
ofRTCA/DO-200, "Preparation, Verification and
Distribution ofUser Selectable Navigation Data Bases"
and sections 2 through 7 ofRTCA/DO-201, "User
Recommendations for Aeronautical Information

Services."
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(10) Pressure/Barometric Altimde Inputs. An appropriate
input of pressure and/orbarometric altitudemust be
provided to the GPS eqmpment

IFR Airworthiness Approval. There aretwo types of IFR
airworthiness approvalwhich differ significantly as to test
requirements and data analysis.

(1) First-Time IFR Airworthiness Approval tfor a Particular
Type ofGPS Equipment). This type ofapproval refersto
the veiy first time an applicant presents a particular
(hardware and softwareconfiguration)model GPS
navigation system for FAA airworthinessinstallation and
approvaland certificationfor IFR navigation use. The
first approval for a particular GPS navigation system
must be accomplishedthrough the Type Certificate(TC)
or Supplemental Type Certificate (STC) process. Each
new modelofGPS equipmentor significantchanges
(hardware or software) to existing equipment shall
undergothe sameapproval process as the original
equipment unless it canbe shownby analysisand tests
acceptable to the administrator that the new modd will
function as well or better than the approvedequipment
A first-time approval is conducted in four phases:

(i) Lab/Bench Tests and Equipment Data Evaluation.
This phaseconsists ofthe following:

(C) Verification ofcompliancewith the minimum
performance andoperation standards applicable
to ClassA equipmentspecifiedin TSO-C129.

(D) Analysisof failure modes and annunciations.

(F) Evaluation ofthe ease ofuse ofthe controls and of
the viewing ease(e.g., brightness, contrast,
intensity, dimming, etc.) ofthe displays and
annunciations from a human factors point of
view.

(H) Evaluation ofthe operator's manual (pilot's
guide).
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(ii) Aircraft Installation DataEvaluation. Normallythe
manufacturer ofthe GPS equipment will provide an
aircraft as a test bed for the first time installation

approval. This approval will serve as a basis for
subsequent installationapprovals regardless of

w aircraft type or modd. The following assessments
are to be made:

(B) Evaluation ofthe cockpit layoutofthe installed
equipment with emphasison equipment
controls, applicablecircuitbreakers(labelsand

^ accessibility),switching arrangement, and
related indicators, displays, annunciators,etc.

(iv) Flight Test Evaluations. The flight tests are
conducted to verify properoperationand accuracy
ofthe GPS system in the aircraft. Flight tests

^ should include at least the following:

Note: Required flight evaluations for the first-time
airworthinessapprovalofa particular GPS system are
accomplished by the cognizant Aircraft Certification
Office (ACO) unless specific tests aredelegated by the

^ ACO to a Flight DesignatedEngineeringRepresentative
(DER).

(A) Evaluation ofthe overall operation ofthe GPS
equipment is to include at leastthe following:
the ability to readilycreateand modify a flight
plan, perform "DIRECT TO" functions, hold a
designatedwaypoint, interceptand track to or
from a waypoint on a sdected course,turn
antidpation, waypoint sequencing,and the
general presentationofnavigational data
(depictionofthe TO" waypoint, distanceto

v-' waypoint, estimated time ofarrival, estimated
time en route, ground speed,etc.).

(B) Review ofvarious Mure modes and associated
annunciations, suchas lossof electrical power,
lossof signalreception, GPSequipment Mure,

° autopilot/flight director response toGPS flags,
etc.
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(Q Evaluationofsteering response while autopilot
and/or flight directoris coupledto the GPS
equipmentduring a varietyof different trackand
mode changes. This evaluation shall include,as
applicable,transition from en routeto approach,
transition to approach modes and vice-versa.
Additionally, all availabledisplay sensitivities
shall be evaluated.

(D) Evaluation ofdisplayed GPSnavigation
parameters on interfaced cockpitinstruments such
as HSL CDI, distance display, electronic flight
instruments system (EFIS), moving maps, fuel
management systems, etc.

(G) Evaluationofthe accessibility ofall controls
pertainingto the GPS installation.

(H) Evaluation ofthe visibility ofthe controls,
displays, and annunciators relatingto the GPS
installation during day and night lighting
conditions. No distracting cockpit glare or
reflections may be introducedand all controls
must be iUuminated for identification and ease of

use. Night lighting shallbe consistentwith other
cockpit lighting.

(I) Analysis ofcrewworkloadwhen operatingthe
GPS equipment in associationwith other piloting
requirements.

(J) Validate GPS accuracy in eachoperatingmode by
at least 5 low altitude overflights ofone or more
surveyed locations (ensure survey point
coordinates are relative to WGS-84 or NAD-83).
An acceptable method ofconducting this accuracy
demonstration is to accomplish low altitude (less
than 100 feet AGL) overflight ofa runway
threshold and recordthe GPS position as the
aircraftcrossesthe threshold. The system
accuracy is the distance between the coordinate
position determined by the GPS and the
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coordinate position ofthe surveyed location
(runway threshold). Runway threshold
coordinates may be obtainedfrom the airport
operator, ff coordinatedata conversion to
WGS-84/NAD-83 is necessary, contact the
National Flight Data Center at (202) 267-9277.

(K) Verify continuity ofnavigationdata during
normalaircraft maneuvering including holding
patternsand turns at up to at least 30 degreesof
bank for one minute.

(L) Verify that flight technicalerror(FTE) can be
maintained at less than 1.0 nmi for en route, 1.0
nmi for approachtransition, and 0.25 nmi for
approachoperating modes both with and
without autopilot and /or flight director use, as
applicable.

(M) Forequipment approved forapproach, conduct
a suffident number ofapproaches and
transitions from en route to terniinal to

approachoperationsusing the navigation data
base to verify properoperationofthe GPS
navigation system in the approachenvironment
This evaluation should include at least turn

antidpation, waypoint sequencing,display
sensitivity changes,annunciations, procedure
turns at the final approach fix (FAF), holding
patternsat the missed approach holding fix,
transitions from TO-FROM operationto TO-TO
operation, headinglegsafterthe initial
approachfix (IAF) to interceptthe final
approach course both before and after the FAF,
and DIRECT TO operationbeforeand after the
IAF.

(2) Follow-on IFR Airworthiness Installation Approvals.
This type ofapproval refers to installation approvals
aftera first time airworthiness approval ofthe particular
GPSequipment hasbeenissued. Follow-on approvals
may use the first time airworthiness approval, which
was either a TC or an STC, as a basis for installation
approval.
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(iii) Condua a data evaluation similar to that outlined in
paragraph 8c(l)(ii) ofthis AC.

(iv) Conduct a functional flight evaluation covering the
following items:

(A) Overalloperationofthe installed GPS equipment,
including interface from other equipment in the
aircraft.

(C) ff interfacedwith an autopilot and/or flight
director, steeringresponsewhile the autopilot
and/or flight directoris coupled to the GPS
equipment

(D) DisplayedGPS navigation parameters on all
interfacedcockpit instruments.

(G) Accessibility and visibility (day and night
conditions) ofall controls pertainingto the GPS
installation

(H) Validate GPS accuracyin each operating mode as
specified in paragraph 8c(l)(iv)(J) ofthis AC.

(I) Verify continuity of navigation data during 360
degree left and right turns at 30 degrees ofbank.

(J) Monitor displayed cross-track error during en
routeand, ifapplicable, approachtransitionand
approachoperationsto verify FTE is less than 1.0
mi (en routeand approachtransition) and 0.25
nmi (approach), both with and without use ofthe
autopilot and flight director (ff installed).

(K) Forequipment approved for approach, conduct at
least three publishedinstrument approaches
(retrieved from the database) to verify proper
operation ofthe equipment in the approach
environment
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Note: Required flight evaluations will be conducted by the
cognizant Aircraft Certification Office (ACO) or, when
authorized, by a flight test pilot designated engineering
representative (DER) in accordance with the procedures
used by the cognizant ACO. Depending upon the level
ofsimilarity between the initial and follow-on
installations, including aircraft type, the ACO may
accept flight evaluations conducted by the installer.

9. OPERATIONAL CONSIDERATIONS

c. Alternate AirportRequirement An alternate airport (if
requiredby the applicableoperatingrules) must be servedby
an approved instrument approach procedure based on a
navigation system other than GPS and the aircraft must be
properly equipped to conduct that approach.

d. OperationalArea. Operatorsand their flight crews must
consult the approvedflight manual supplement for their
aircraft to determine approvedoperational areas that may
apply to particular systems. Flight crews must be aware that
operational areas for different systemsmay be different, and
the appropriate operating area(s) for a particular system can
only be determined by reference to the approved flight
manual supplement or other FAA-approved documents.
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APPENDIX F2

FAA-AC-25-11

Transport Category Airplane
Electronic Display Systems
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Information Separation

a. Color Standardization

(1) Although colorstandardizationis desirable, during the
initial certification ofelectronic displays color standards
for symbology were not imposed (except for cautions
and warnings per 25.1322). At that time the expertise
did not exist within industry or the FAA, nor did
sufficient serviceexperienceexist, to rationally
establish a suitable color standard.

(2) In spite ofthe permissive CRT coloratmospherethat
existed at the time ofinitial EFIS certification

programs, an analysis ofthe major certificationsto date
reveals many areasofcommon colordesign philosophy,
however, if left unrestricted, in several years there will
be few remaining common areasofcolor selection. If
that is the case, informationtransferproblems may
begin to occurthat have significantsafetyimplications.
To preclude this, the following colorsare being
recommended based on current day common usage.
Deviations may be approvedwith acceptable
justification.

(3) The following depicts acceptable displaycolorsrelated
to their functional meaning recommended for electronic
display systems.

(i) Display features shouldbe colorcoded as follows:

Warnings Red
Flight envelope and system limits Red
Cautions, abnormal sources Amber/Yellow
Earth Tan/Brown

Scalesand associated figures White
Engaged modes Green
Sky Cyan/Blue
ILS deviation pointer Magenta
Flightdirector bar Magenta/Green
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5. Information Separation (Continued)

(ii) Specified display featuresshould be allocated
colors from one ofthe following color sets:

Color Color

Setl Set 2

Fixed reference symbols White Yellow

Current data, values White Green

Armed modes White Cyan
Selected data, values Green Cyan
Selected heading Magenta** Cyan
Active route/flightplan Magenta White

The extensive use ofthe coloryellow for other
than caution/abnormal information is

discouraged.

In color set 1, magenta is intended to be
associatedwith those analog parameters that
constitute"fly to" or "keep centered"type
information.

(iii) Predpitation and turbulenceareasshould be
coded as follows:

Predpitation 0-1 mm/hr Black

Predpitation 1-4 mm/hr Green

Predpitation 4-12 mm/hr Amber/Yellow

Predpitation 12 - 50 mm/hr Red

Predpitation above50 mm/hr Magenta
Turbulence White or Magenta

(iv) Background color (gray or othershade)
Background color maybe usedto enhancedisplay
presentation.
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Information Separation (Continued)

(4) When there is a deviation from any ofthe above symbol
color assignments, the manufacturer should ensure that
the chosen color set is not susceptibleto confusion or
color meaning transference problems due to
dissimilarities with this standard. The FAA test pilot
should be familiar with other systems in use and
evaluate the system specifically for confusion in color
meaning.

(5) The FAA doesnot intend to limit electronic displays to
the above colors,although they have been shown to
work well. The colorsavailable froma symbol
generator/display unit combinationshouldbe carefully
selectedon the basisoftheir chrominance separation.
Researchstudies indicatethat regionsof relativelyhigh
colorconfusionexist betweenredand magenta,
magenta and purple,cyan and green,and yellow and
orange (amber). Colors should track with brightness so
that chrominance and relative chrominance separation
are maintained as much as possible over day-night
operation. Requiring the flightcrew to alscriminate
between shadesofthe samecolor for symbol meaning
in one display is not recommended.

(6) Chrominance uniformity shouldbe in accordance with
the guidanceprovidedin SAE Document ARP 1874.
As designs are finaiiTevt the manufacturer should
review bis color selectionsto ensure the presenceof
colorworks to the advantage ofseparating logical
electronic display functions or separation oftypesof
displayed data. Color meanings shouldbe consistent
throughout the colorCRT displays in the cockpit In
the past, no criteria existedrequiring similarcolor
schemes for left and right side installationsusing
electromechanical instruments.
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S. Information Separation (Continued)

b. Color Perception vs. Workload

(1) When colordisplays areused, colon should be selected
to minimize display interpretationworkload. Symbol
coloring shouldbe relatedto the task or crew operation
function. Improper color coding increases response
times for display item recognition and selection,and
increases the likelihood oferrors in situations where

response rate demands exceed response accuracy
demands. Colorassignments that differ from other
displays in use,other electromechanical or electronic,
or that differ from common usage (such as red, yellow,
and green for stoplights), can potentially lead to
confusion and information transferal problems.

(2) When symbologyis configuredsuch that symbol
characterization is not based on color contrast alone,
but on shapeas well, then the colorinformationis seen
to add a desirable degreeof redundancyto the displayed
information. There are conditions in which pilots
whose vision is color deficient can obtain waivers for

medical qualificationsunder Part61 ofthe FAR. In
addition, normal aging ofthe eye can reduce the ability
to sharply focus on red objects, or discriminate
blue/green. Forpilots with such defidency, display
interpretationworkload may be unacceptablyincreased
unless symbology is coded in more dimensions than
color alone. Each symbol that needs separationbecause
ofthe criticality ofits information content should be
identified by at least two distinctive coding parameters
(size, shape, color, location, etc.).

(3) Color diversity should be limited to as few colorsas
practical, to ensure adequatecolor contrastbetween
symbols. Color grouping ofsymbols, annunciations,
and flags should follow a logical scheme. The
contributionofcolor to information density shouldnot
make the display interpretation times so long that the
pilot perceives a cluttered display.
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Information Separation (Continued)

c. Standard Svmbologv. Many elements ofelectronicdisplay
formats lend themselves to standardization of symbology,
which would shorten training and transition times when
pilots change airplanetypes. At least one industry group
(SAE) is working toward identifying these dements and
proposingsuitablestandards. Futurerevisions ofthis
advisorycircularmay incorporate the resultsofsuch
industry efforts.

d. Symbol Position

(1) The positionofa message or symbol within a display
conveys meaning to the pilot Without the consistentor
repeatable location ofa symbol in a specificareaofthe
electromc display, interpretation errorsand response
times may increase. The following symbols and
parametersshould be position consistent:

(i) Autopilot and flight directormodes ofoperation.

(ii) All warDing/caution/advisoiyannunciation
locations.

(iii) All sensordata: altitude, airspeed, glideslope,
etc.

(iv) All sensor Mure flags. (Where appropriate,
flags should appearin the areawhere the data is
normally placed.)

(v) Either the pointer or scale for analog quantities
should be fixed. (Moving scale indicators that
have a fixed presentvalue may have variable
limit markings.)
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5. Information Separation (Continued)

(2) An evaluation ofthe positionsofthe different types of
alerting messages and annunciationsavailable within
the electronic display shouldbe conducted, with
particularattention given to differentiationofnormal
and abnormal indications. There shouldbe no tendency
to misinterpret or M to discern a symbol,alert,or
annunciation, due to an abnormal indication being
displayed in the positionofa normal indication, and
having similar shape, size, or color.

(3) Pilot and copilot displays may have minor differencesin
format, but all such differences should be evaluated
specifically to ensure that no potential for interpretation
errorexists when pilots make cross-sidedisplay
comparisons.

(4) If the display incorporates slow rate"dithering" to
reduce phosphorburn from stationary symbology,the
entire display should be moved at a slow ratein orderto
not change the spatial relationshipsofthe symbology
collection as a whole.
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Information Separation (Continued)

e. gutter. A clutterdisplay is one which usesan excessive
number and/or variety of symbols, colors,or small spatial
relationships. This causes increased processing time for
displayinterpretation. One ofthe goals ofdisplay format
design is to convey information in a simple fashion in order
to reducedisplayinterpretation time. A related issueis the
amount of information presentedto the pilot As this
increases,tasks become more difficult as secondary
information may detract fromthe interpretation of
information necessary for the primarytask. A secondgoal
ofdisplay formatdesign is to determine what information
the pilot actuallyrequiresin orderto performthe task at
hand. This will serve to limit the amount ofinformation

that needs to be presented atany pointin time. Additionof
informationby pilot selectionmay be desirable, particularly
in the case ofnavigationaldisplays,as long as the basic
displaymodes remainuncluttered afterpilotdeselection of
secondarydata. Automatic desdection ofdata hasbeen
allowedin the past to enhancethe pilot'sperformance in
certainemergencyconditions(desdectionofAFCS engaged
mode annunciation and flight directorin extreme attitudes).
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S. Information Separation (Continued)

g. Attention-Getting Requirements

(1) Some electronicdisplay functions areintended to alert
the pilot tochanges: navigation sensor status changes
(VOR flag), computed data status changes (flight
director flag orcommend cueremoval), and flight
control systemnormal modechanges (annundator
changes from armed to engaged) are a few examples.
For the displayedinformation to be effective as an
attention-getter, someeasily noticeable change mustbe
evident A legend change by itselfis inadequate to
annunciate automatic oruncornmanded mode changes.
Colorchanges may seemadequate in low light levelsor
ambient light levels. Motion is an excellent attention-
gettingdevice. Symbolshape changes arealso
effective, suchas placing a boxaround freshly changed
information. Short-term flashing symbols
(approximately 10seconds or flash until acknowledge)
areeffectiveattention-getters. A permanent or long-
term flashing symbol that is noncancellable should not
be used.

(2) In some operations, continuedoperation with
inoperative equipmentis allowed (under provisions of
an MEL). The display designer shouldconsiderthe
applicant'sMEL desires,becausein some casesa
continuousstrongalertmay be too distracting for
continued dispatch.

h. Color Drive Failure. Following a single color drive
Mure, the remaining symbologyshould not present
misleading information, although the displaydoes not
have to be usable. If the Mure is obvious, it may be
assumed that the pilot will not be susceptible to
misleading information due to partial loss of
symbology. To make this assumption valid, spetial
cautions may have to be included in the AFM
procedures that point out to the pilot that important
information formed from a single primarycolor may be
lost, such as red flags.
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6. Display visual Characteristics

b. Chromatidtv and Uuninance.

(1) Readability ofthe displays should be satisfactory in all
operating and environmental lighting conditions
expected in service. Four light conditionsknown to be
critical for testing are:

(i) Direct sunlight onthe display through a side
cockpit window (usuallyshort term with
conventional windowarrangements).

(ii) Sunlight through a front window illuminating
whiteshirts whicharereflected in the CRT (a
function ofthe CRT front plate filter).

(iii) Sun above the forward horizon and above a cloud
deck in the pilot'seyes(usuallya prolonged
situation andthe mostcritical ofthese four).

(iv) Night and/or darkenvironment Brightness
shouldbe controllable to a dim enough setting
such that outsidevision is not impairedwhile
maintainingan acceptable presentation.

(2) When displays areevaluated in thesecritical lighting
situations, the display should be adjusted to a brightness
level representative ofthat expected at the end of the
CRTs normal useful life (5,000 to 20,000 hours), or
adjusted to a brightness level selectedby the
manufacturer as the minimum acceptable output and
measurableby some readilyaccomplishment
maintenance tests, ff the former method is used,
adequate evaluations shouldbe performed to ensurethat
the expected end oflife brightnesslevels are met Some
manufacturers have found, and the FAA has accepted,
that 50 percent oforiginalbrightness level is a realistic
end oflife value. If the latter method is used,
proceduresshouldbe establishedto requireperiodic
inspections, and these limits should then become partof
the service life limits ofthe airplanesystem.
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Display Visual Characteristics (Continued)

(3) Large fields used in color displays as background
(e.g., blue sky and brown earth for attitude) for
primary flight control symbols need not be easily
discriminated in these high ambient light levels,
providedthe propersense ofthe flight control
information is conveyedwith a quick glance.

(4) Electronicdisplay systems should meet the
luminance (photometricbrightness) levels ofSAE
Document ARP 1874. A system designed to meet
these standards should be readily visible in all the
lighting conditions listed in paragraphs 6b(l) and
6b(2), and shouldnot require specific flight testing
for luminance if the system has been previously
installed in anotherairplanewith similar cockpit
window arrangements. If the display evaluation
team feelsthat some attributes are marginal under
extreme lighting conditions, the following
guidelines may be used:

(i) The symbols that convey quick-glance attitude
and flight pathcontrol information (e.g.,
horizon line, pitch scale, fixed airplanesymbol
and/or flight path symbol, sky pointer and
bank indices, flight director bars) should each
have adequate brightness contrastwith its
respectivebackgroundto allow it to be easily
and clearly discernible.

(ii) The combinationofcolor and brightness ofany
subsetofthese symbols which may, due to
relative motion ofa dynamic display, move
adjacent to each other and use color as an aid
for symbol separation (e.g., flight directorbars
and fixed airplanesymbol), should render each
symbol distinctly identifiable in the worst case
juxtaposition.
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Display Visual Characteristics (Continued)

(iii) Flagsand annunciationsthat may relateto events
ofa time critical nature (including warnings and
cautions defined in paragraph 10ofthis AC, as
well as flight control system annunciations of
mode reversions) should have a sufficient contrast
with their backgroundand immediate
environment to achieve an adequatelevel of
attensity (attentiongetting properties). Color
discrimination in high brightnessambient levels
may not be necessaryif the symbol remains
unambiguous and clearly distinct from adjacent
normal stateor alphanumericcharacters.

(iv) Analogscaledisplays (heading, airdata, engine
data, CDIs, or course lines) should each have
adequatebrightnesswith its respective
background to allow it to be easily and dearly
discernible. Colored warning and caution
markings on scales should retain color
discrimination. Symbols used as targetsand
presentvalue pointersin juxtaposition to a scale
should remain distinct If color is requiredto
conveythe meaningof similarshapedtargetsor
indices, the color should remain easily
discernible.

(v) Flagsand annunciations should still be visible at
low displaybrightnesswhen the display is
adjusted to the lowestusablelevel for flight with
normal symbology (day or night).

(vi) Raster fields conveying information such as
weather radardisplays should allow the rasterto
be independently adjustable in luminance from
overlaid stroke symbology. The rangeof
luminance control should allow detection ofcolor

differencebetween adjacentsmall rasterareasno
largerthan 5 milliradiansin prindpal dimension;
whileat this setting, overlying map symbology, if
present, should be discernible.
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APPENDIX F3

FAA-TIA-ST0346WI-A

Type Inspection Authorization
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18B.. The Flight Test Pilot/Engineer are requested to:

c) Evaluate steeringresponse while the autopilot is coupledto the
GPS duringavarietyofdifferenttrackandmodechanges. This
evaluation should include transition from en route to approach
transition to approach modes and vice-versa. All available
display sensitivities shall be evaluated.

f) Verify satisfactory electromagnetic compatibility betweenthe
GPS installation andotheronboard equipment (can be partially
accomplished asa ground test). Demonstrate satisfactory
isolation from harmonic interference ofVHF communication
transceivers by tuningeachVHF transmitter to the frequendes
listedbelowfora period of20 seconds whileobserving the
signal statusofeach satellitebeing received. Degradation of
individually received satellite signalsbelow a point where
navigation is no longer possible is not acceptable. This
evaluation shouldbe accomplished in eachoperating mode.

121.150 MHz 131.250 MHz

121.175 MHz 131.275 MHz

121.200 MHz 131.300 MHz

NOTE: Reevaluationof installedVHF transceiver performance
is not necessary if the filter insertion loss is 2 dB or less.

h) Evaluatevisibility ofall controls,displays, and annunciators
relating to the GPS 155installation during dayandnight
lighting conditions. No distracting cockpit glareor reflections
may be introduced and all controls must be illuminated for
identification and ease ofuse. Night lighting shallbe consistent
with other cockpit lighting.

i) Conduct an analysisofcrew workloadwhen operatingthe GPS
155 system in assodation with other pilotingrequirements.
This evaluation should include all operating modes, transition
between modes, instrument approaches, en routeoperations,
accomplishment ofSIDs and STARs, etc. The pilot workload
subjectiveevaluation forms attachedto this TLA shouldbe used
to complete this evaluation.
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18B. The Flight Test Pilot/Engineer are requested to:
(Continued)

j) Validate GPS 155accuracyin each operatingmode by
conducting at least 5 low altitude passes(<100 ft AGL) over one
or more surveyed locations (survey location data must be in
either the WGS-84 or NAD-83 coordinate datum). The
displayedGPS 155 position shall be recorded when the aircraft
crosses the designated location and compared to the known
locationcoordinates. System accuracy is the differencebetween
the coordinateposition determined by the GPS 155and the
coordinate positionofthe surveyedlocation. Accuracy
requirements are 0.124 nm in the en route and terminal modes
and 0.056 nm in the approachmode.

k) Verify continuity of navigationdata during normal aircraft
maneuvering, including holding patternsand turns at up to at
least 30 degreesofbank forone minute.

1) Verify that flight technical error (FTE) can be maintained at less
than 1.0 nm foren route, 1.0 nm for approachtransition,and
0.25 nm for approachoperatingmodes both with and without
autopilot use.

m) Conducta suffident number ofapproaches and transitions from
en route to terminal to approachoperationsusing the navigation
system in the approachenvironment A variety ofapproach
geometries and general arrangements should be used.
Operationsshould include air traffic vectoring and pilot
navigation. This evaluationshould include at least:

(1) Turn anticipation
(2) Waypoint sequendng
(3) Display sensitivity changes
(4) Annunciations
(5) Procedure turns at the final approach fix (FAF)
(6) Holding patterns at the missed approach holding fix
(7) Transitions from TO-FROM operationto TO-TO operation
(8) Heading legsafter the initialapproach fix (IAF) to intercept

the finalapproach courseboth beforeand after the FAF
(9) DIRECTTO operation before andafterthe IAF
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APPENDIX Ml

MILITARY STANDARD 1472D

Human Engineering Design Criteria For
Military Systems, Equipment And Facilities
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S.1 Control/Display Integration

5.1.1.1 Relationship

The relationshipsofa control to its associated displayand the
display to the control shall be immediately apparent and
unambiguous to the operator. Controls should be locatedadjacentto
(normally under or to the right of) their associated displaysand
positioned so that nrither the control nor the hand normallyused for
setting the control will obscurethe display.

5.1.1.2 Design

Control-display relationships shallbe apparent through proximity,
similarityofgroupings, coding, framing, labeling, and similar
techniques.

5.1.2.1 Functional Grouping

Functionallyrelatedcontrolsand displays shallbe locatedin
proximityto one another—arranged in functional groups(eg., power,
status, test).

5.1.2.1.1 Functional Group Arrangement

5.1.2.1.1.1 Sequence

Functional groups of controls anddisplays shallbe located to provide
for left-to-right (preferred) or top-to-bottom orderofuse, or both.

5.1.2.1.1.2 Access

Providing thattheintegrity of grouping by function and sequence is
notcompromised, the more frequently usedgroups and the most
important groups shouldbe locatedin areasofeasiestaccess.
Control-display groups required solely for maintenance purposes
shallbe located in positions providing a lesser degree of access
relative to operating groups.
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5.1.2.1.1.3 Functional Group Marking

Functional groups maybe setapart byoutlining withcontrasting
lineswhichcompletely encompass the groups. Wheresuchcoding
is specified by the procuring activity, andwhere gray panels are
used, noncritical functionalgroups(Le., those not associated with
emergency operations) shallbe outlined with a 1.5 mm (1/16 in)
blackborder(27038ofFED-STD-595), andthoseinvolving
emergency orextremely critical operations shall be outlined witha
5 mm (3/16 in) redborder(21136ofFED-STD-595). As an
alternatemethod, contrasting colorpadsor patchesmay be usedto
designate bothcritical andnoncritical functional areas, subject to
prior approval by the procuring activity. Whenredcompartment
lightingis used,an orange-yellow (23538 ofFED-STD-595) and
black (27038 ofFED-STD-595)stripedbordershall be used to
outline functional groups involving emergency or extremely
critical operations. Control-display areas in aircraft crew stations
shall be delineated in accordance with MTL-M-18012.

5.1.2.1.1.4 Consistency

Locationofrecurring functional groups and individual items shall
be similar from pand to panel Mirror imagearrangements shall
not be used.

5.1.2.3 Arrangement Within Groups

Controls and displays within functional groups shallbe located
according to operational sequenceor function, orboth.

5.2 Visual Displays

5.2.1.1 Display Illumination

When the degreeofdarkadaptation required is not maximum, low
brightness white light (preferably integral), adjustableas
appropriate, shall be used;however,when complete dark
adaptation isrequired, low luminance (0.07-0.34 cd/m2) red light
(greaterthan 620 nm) shallbe provided.
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5.2.1.2 Light Distribution

Where multiple displays are groupedtogether, the displays shall
appear ofequal brightness acrossthe range of full ON to full OFF.
Light distribution for integrallyilluminated instruments shallbe
suffidently uniform such that the ratio ofstandard deviation of
indicator element luminances to mean indicator luminance shall not

be more than 0.25, using eight or more equally spacedtest
measurements.

5.2.1.4.4 Reflection

Displays shall be constructed, arranged, and mounted to prevent
reduction of information transfer due to the reflection ofthe ambient

illumination from the display cover. Reflection of instruments and
consoles in windshields and other enclosures shall be avoided. If

necessary, techniques (such as shieldsand filters) shallbe employed
to insure that system performance will not be degraded.

5.2.2 Transilluminated Displays

5.2.2.1.9 Ltuninance

The luminance of transuluminateddisplays shallbe compatiblewith
the expected ambient illuminance level, and shallbe at least 10%
greaterthan the surroundingluminance. Where glaremust be
reduced, the luminance oftransilluminateddisplays should not
exceed 300% ofthe surrounding luminance.

5.2.2.1.10 Luminance Control

When displays will be used under variedambient illuminance, a
cUmming controlshallbe provided. The range of the control shall
permitthe displays tobe legible under all expected ambient
iUuminance. The control shall becapable of providing multiple step
or continuouslyvariable iUumination. DirnniingtofullOFFmaybe
provided in non-criticaloperations, but shall not be used if
inadvertent Mure to turn on an indicator could lead to critical
operator failures (Le., Mure todetect orperform acritical step in an
operation).
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5.2.2.1.11 False Indication or Obscuration
Provision shall be made to prevent direct or reflected light from
making indicators appear illuminated when they are not, or to
appearextinguishedwhen they areilluminated. Self-reflection
shall be minimized by properorientation ofthe display with
respect to the observer.

5.2.2.1.12 Contrast Within the Indicator

The luminance contrast (see 3.17) within the indicator shall be at
least 50% This 50% luminance contrastrequirementdoes not
applyto special displays specifically designed for legibility in
sunlight or where legibilityis obtained throughcolorcontrast (and
other techniques)ratherthan luminancecontrast Forlow ambient
iUumination applications (e.g., MTL-L-25467), this ratioshouldbe
at least 90% (see 3.17), with the backgroundluminance less than
the figure luminance

5.2.2.1.18 Color Coding

With the exceptionofaircrew station signalswhich shall conform
to MIL-STD-411, and training equipment which shall conform to
MTL-T-23991, transilluminateddisplaysshall conform to the
following color coding scheme, in accordance with Type I •
Aviation colors oflVflL-C-25050.

a. RED shall be used to alert an operatorthat the
system or any portionofthe system is inoperative,or
that a successful mission is not possible until
appropriate correctiveor overrideaction is taken.
Examples of indicatorswhich shouldbe coded RED
are those which display suchinformationas "no-go",
"error", "failure", "malfunction", etc.

b. FLASHING RED shall be used only to denote
emergency conditions which require operatoraction
to be taken without undue delay, or to avert
impending personnd injury, equipment damage, or
both.

c. YELLOW shall be used to advise an operator that
a condition exists which is marginal. YELLOW shall
also be used to alert the operatorto situations where
caution, recheck,or unexpecteddelay is necessary.
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5.2.2.1.18 Color Coding (Continued)

d. GREEN shall be used to indicate that the
monitored equipment is in tolerance or a condition is
satisfactory andthat it is all rightto proceed (e.g., "go-
ahead","in-tolerance", "ready","function activated").

e. WHITE shallbe use to indicate system conditions
thatdo nothave"right" or"wrong" implications, such
as alternative functions (e.g.,Missile No. 1 selected for
launch, etc.)or transitory conditions (e.g., action or test
in progress, function available), provided such
indicationdoesnot imply success or Mure of
operations.

f. BLUEmaybe used for an advisory light but
preferential useof BLUEshould be avoided.

5.2.2.1.19 Flashing Lights

The use of flashing lights shallbe minimized. Flashing lights
shouldbe usedonlywhen it is necessary to callthe operator's
attention to somecondition requiring immediate action. The flash
rateshaUbewithm3to5flashesr)ersea)ndwithar^roximately
equal amounts ofONand OFF time. Flashing tights whichcould be
simultaneously active should havesynchronized flashes. If the
indicator is energized and the flasher device fails, the light shall
iUuminateand burn steadily (see 5.3.2.4).

5.2.2.2.3 Positive vs. Negative Legend

When the operator's darkadaptation must be maintained, or where
legibility in high ambientiUumination is critical, iUumination
label/opaque background format shaU be usedand iUuminated
background/opaque label formatshaU be used only forcritical
alerting indicators(e.g., masterwarning lights). Where operator
dark adaptationis not required, iUuminated background/opaque label
format shouldbe used;contrastreversal may be employed under
these conditionsto designate displays which have physical
appearance similarto legend switcheson the same panel.
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5.2.2.2.5 Visibility and Legibility

In other than aircrew stations,and with the exceptionofwarning
and caution indicators, the lettering on single-legend indicators
shaUbe visible and legible whether or not the indicator is
energized.

5.2.4 Cathod Ray Tube (CRT) Displays

5.2.4.1 Signal Size

When a targetofcomplex shape is to be distinguished from a
nontargetshape that is also complex, the target signal should
subtend not less than 6 mrad (20 minutes) ofvisual angle and
should subtend not less than 10 lines or resolution elements.

Image quality shaU be consistent with the operator's needs.

5.2.4.2 Viewing Distance

A 400 mm (16 in) viewing distance shall be providedwhenever
practicable. When periodsofscope observationwiUbe short, or
when dim signals must be detected, the viewing distance may be
reduced to 250 mm (10 in). Design should permit the observer to
view the scope from as close as desired. Displayswhich must be
placedat viewing distances greaterthan 400 mm (16 in) due to
other considerations shaU beappropriately modified inaspects
such as displaysize, symbol size, brightnessranges, line-pair
spacing, and resolution.

5.2.4.3 Screen Luminance

The ambient iUuminance shall not contribute more than 25% of
screen brightness throughdiffuse reflection and phosphor
exritation. A controlshaU be provided to vaiy the CRT luminance
from 10% ofminimum ambient luminance to fiiU CRT luminance.
A controlshaU be providedto vary the luminoussymbol/dark
background or dark symbol/luminous background contrastratio.
Contrast adjustment shaU notbe included in flight deck displays
because theyaredisaUowed by FAA regulatioa
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5.2.4.5 Luminance Range of Adjacent Surfaces

The luminance range ofsurfacesimmediately adjacentto scopes
shallbe between 10% and 100%ofscreenbackgroundluminance.
With the exceptionofemergencyindicators, no tight source in the
immediate surroundingareashall be ofa greaterluminance than the
CRT signal.

5.2.4.6 Ambient Illuminance

The ambient iUuminance in the CRT area shaU be appropriate for
othervisual functions(e.g., setting controls, reading instruments,
maintenance)but shall not interfere with the visibility ofsignals on
the CRT display. When a CRT display is used in variableambient
iUuminance, iUuminance controlsshaU be providedto dim aUlight
sources, including iUuminated panels, indicators and switches in the
immediate surround. Automaticadjustment ofCRT brightness may
be used if the CRT brightness is automaticallyadjustedas a function
ofambient iUuminanceand the range ofautomaticadjustment is
adequate for the fuU range ofambient iUuminance.

5.2.4.7 Reflected Glare

Reflected glare shaU be minimiy«ti by properplacementofthe scope
relativeto the tight source,use ofa hood or shield, or optical
coatingson the CRT or filter control over the light source.

5.2.6 Other Displays

5.2.6.8.3 Symbol Definition

The smallestdefinition fora dot matrix shaU be 5 by 7 dots, with 7
by 9 preferred. If system requirements call for symbolrotation, a
minimum of8 by 11 is required,with 15 by 21 preferred.

5.2.6.8.4 Alphanumeric Character and Symbol Sizes

Alphanumeric and symbolic charactersshaUnot subtend less than
4.7 mrad (16 min) ofvisual angle. Flight displaycharacters, which
must be read under aircraft environmental conditions, shaUnot
subtend less than 7 mrad (24 min) ofvisual angle.
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5.2.6.8.5 Use of Upper Case

Alphanumeric charactersshaUbe upper case.

5.2.6.8.6 Viewing Angle

The optimum viewing angle is perpendicular to the display. Dot
matrix or segmented displays should not be presented forviewing
at an angle largerthan 610 mrad (35°) offaxis.

5.2.6.8.7 Emitter Color

Monochromatic displays shaU use the foUowing colors in orderof
preference: green (555nm), yeUow(575nm), orange (585nm), and
red(660nm). Blue emitters should be avoided.

5.2.6.8.8 intensity Control

Dimming controls shall be provided where applicableto maintain
appropriate legibility and operatordark adaptationleveL

5J Audio Displays

5.3.2.2.2 Single Element Signal

When reactiontime is critical, signals shaU be of short duration. If
a single element signal is permissible,aU essentialinformation
shaU be transmitted in the first 0.5 second.

5.3.2.3 Caution Signals

Caution signalsshaU be readily distinguishable from warning
signals andshaU be usedto indicate conditions requiring
awareness,but not necessarilyimmediate action.
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5.3.3.1 Frequency

5.3.3.1.1 Range

The frequency range shall be between 200 and 5,000 Hz and, if
possible, between 500 and 3,000 Hz. When signals must travel over
300 m (985 ft), sounds with frequendes below 1,000Hz shouldbe
used. Frequendes below 500 Hz shouldbe used when signalsmust
bend around obstaclesor pass through partitions. The selected
frequencyband shall differ from the most intensebackground
frequendes and shaU be in accordance with other criteriain this
section.

5.3.3.1.2 Spurious Signals

The frequency ofa warning tone shaUbe different from that ofthe
electricpoweremployedin the system, to preclude the possibility
that a minor equipment Mure may generate a spurious signal.

5.3.3.2.2.3 Discomfort

Audio warning signals should not be ofsuch intensity as to cause
discomfort or "ringing" in the ears as an after-effect

5.3.4.1 Audibility

A signal-to-noiseratioof at least 20 dB shaU be providedin at least
one octaveband between 200 and 5,000 Hz at the operating position
ofthe intended receiver.

5.3.4.2.4 Headset

When the operatoris wearing earphonescoveringboth earsduring
normal equipment operation,the audiowarning signal shaU be
directed to the operator'sheadset as weUas to the work area.
Binauralheadsets should not be used in any operational environment
below 85 dB (A) when that environment may contain sounds that
provide the operatorwith useful information when that information
cannotbe directedto the operator's headset Such soundsmay
include voices, machine noise that indicateswearor malfunction,
and otherauditoryindicationsofsystem performance/mission status.
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5.3.4.3 Discriminability

5.3.4.3.1 Use of Different Characteristics

When severaldifferent audio signalsare to be used to alert an
operator to different types of conditions, discriminable difference
in intensitypitch or useof beats andharmonics shaU be provided.
If absolute discrimination is required, the numberofsignalsto be
identified shaU not exceed four.

5.3.4.3.2 Coding

Where discrimination of warning signals fromeachotherwiUbe
critical to personnel safety orsystem performance, audio signals
shallbe appropriately coded. Alarms thatare perceptibly different
shall correlate with differentconditions requiring criticaUy
different operatorresponses(e.g., maintenance,emergency
conditions, andhealth hazards). Suchsignals shaU be sufficiently
differentto minimize the operator's search ofvisualdisplays.

5.3.4.3.5 Differentiation from Routine Signals

Audio alarms intendedto bringthe operator's attention to a
malfunction or Mure shaUbe differentiated from routine signals,
such asbells,buzzers,and normal operation noises.

5.3.4.3.6 Prohibited Types of Signals

The foUowing typesof signals shall notbeusedaswarning devices
where possible confusion mightexist because ofthe operational
environment:

a. Modulated or interrupted tonesthat resemble
navigation signals orcoded radio transmissions.

b. Steady signals that resemble hisses, static, or
sporadic radio signals.

c. Trains of impulses thatresemble electrical
interference whether regularly or irregularly spaced in
time.

d. Simplewarbles whichmaybe confusedwith the
type made by twocarriers whenoneis beingshifted
in frequency (beat-frequency-osdUator effect).
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5.3.4.3.6 Prohibited Types of Signals (Continued)

e. Scramble speecheffects that may be confused with
cross modulation signals from adjacentchannels.

f. Signals that resemblerandom noise, periodic
pulses, steadyor frequency modulatedsimple tones, or
any other signals generated by standardcountermeasure
devices (e.g., "bagpipes").

g. Signals similar to random noise generatedby air
conditioningor any otherequipment

5.3.4.5 Masking

5.3.4.5.1 Other Critical Channels

Audio warningsignals shaU not interfere with anyothercritical
functions orwarning signals, ormaskanyothercritical audio
signals.

5.3.5.2 Intensity

Verbal alarms for critical functions shaU be at least 20 dB above the
speech interference levd at the operating position ofthe intended
receiver.

5J.5.3.1 Type ofVoice

The voice used in recording veibalwarningsignalsshaU be
distinctive and mature.

5.3.5.4 Speech Processing

VerbalwarningsignalsshaU be processed onlywhen necessary to
increaseor preserveintelligibility, suchas by increasing the strength
ofconsonant sounds relative to vowd strength. Where a signal must
be relativelyintense because ofhigh ambientnoise, peak-clipping
(see 3.24) may be used to protect the listeneragainstauditory
overload.
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5.3.5.5 Message Content

In selecting words tobeused in audio warning signals, priority
shall be givento inteUigibility, aptness, andconciseness in that
order.

5.3.5.6.1 Critical Warning Signals

Critical warning signals shall be repeated with not morethana 3-
second pause between messages untilthe condition is corrected or
overridden by the crew.

5.3.6.1 Automatic or Manual Shut-Off

When an audiosignalis designed to persistas longas it
contributesuseful information, a shut-off switch controllableby the
operator, the sensing meduuusm, orboth, shaU be provided,
depending on the operational situation andpersonnel safety
factors.

5.3.6.5 Duration

Audiowarningsignalduration shaU be at least0.5 second, and
may continueuntil the appropriate response is made. Completion
ofa corrective actionby the operator orby othermeans shaU
automaticaUy terminate the signal.

5.3.12 Speech Intelligibility

5.3.12.1 General

When information concerningthe speech inteUigibilityofa system
is required, three recommended methodsareavailable, with the
appropriate selection beingdependent uponthe requirements ofthe
test

a. The ANSI standard method ofmeasurement of

phonetically balanced (PB) monosyllabic word
intelligibility, S3.2-1960, shouldbe used when a high
degree oftest sensitivity and accuracyis required.
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5.3.12.1 General (Continued)

b. The modified rhyme test (MRT) (See Human
Engineering Guideto Equipment Design) shouldbe
used ifthe test requirements arenot as stringentor if
time and trainingdo not permit the use ofthe ANSI
method.

c. The articulationindex (Al) calculations should be
used forestimations, comparisons and predictions of
systeminteUigibility based upon ANSI S3.5-1969.

5.4 Controls

5.4.1.2 Direction of Movement

5.4.1.2.1 Consistency of Movement

Direction ofcontrol movement shaU be consistent with the related
movement ofan associated display, equipment component,or
vehicle. In general, movementofa controlforward, clockwise, to
the right, orup, or pressing a control, shaU turnthe equipment or
component on, causethe quantityto increase, or cause the equipment
or component to move forward, clockwise, to the right,orup. Valve
controls are excepted (see 5.4.1.2.4).

5.4.1.3 Arrangement and Grouping

5.4.1.3.1 Grouping

AUcontrols which function in sequential operation necessary to a
particular task, or which operate together,shaU be groupedtogether
along with their associated displays. When severalsteps ofa
sequence areselected by onecontrol, the stepsshallbe arranged by
order ofoccurrence to minimiyg control movements and prevent
cycling through unnecessarysteps. Cycling through the control's
ON/OFFposition shaU be avoided.

5.4.1.3.3 Location of Primary Controls

The most importantand frequently used controlsshaU have the most
favorable position with respectto easeofreaching and grasping
(particularly rotarycontrolsand those requiringfine settings).
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5.4.1.3.4 Consistency

The arrangement of functionaUy similar, or identical, primary
controls shall be consistent from panel to panel throughoutthe
system, equipment, or vehicle (e.g., a movement ofa control to the
right or left shouldresultin a corresponding movement ofa
display dement to the right or left).

5.4.1.4 Coding

5.4.1.4.1 Methods and Requirements

The use ofa codingmode (e.g., sizeand color)fora particular
applicationshall be governed by the relative advantages and
disadvantages ofeachtypeof coding. Wherecodingis usedto
differentiate amongcontrols, application ofthe codeshaU be
uniform throughout the system. (SeeTable VDIfor advantages
and disadvantages).

5.4.1.4.3 Size Coding

No more than three different size ofcontrols shaU be used in
codingcontrolsfor discrimination byabsolute size. Controls used
for performing the samefunction on different itemsof equipment
shaU be the same size. When knob diameter is used as the coding
parameter, differences between diameters shaU notbe less than 13
mm (0.5"). When knob thicknessis the codingparameter,
differences between thickness shaU not be less than 10 mm (0.4").
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TABLEVUJ.ADVANTAGESANDDISADVANTAGESOFVARIOUSTYPESOFCODING

ADVANTAGESTYPEOFCODING

•LocationShapeShe

Modeof

OperationLabelingColor

ImprovesvisualidentificationXXXXX

Improvesnonvisualidentification(tactualandkinesthetic)XXXX

HelpsstandardizationXXXXXX

Aidsidentificationunderlowlevel*ofilhmunationandcolored
lighting

XXXX(Whentrans-
iUuminatcd)

(wbcstntsv

Mayaidinidentifyingcontrolposition(settings)XXX

Requireslittle(ifany)training;isnotsubjecttoforgettingX
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TABLEVEQLADVANTAGESANDDISADVANTAGESOFVARIOUSTYPESOFCODING(continued)

DISADVANTAGESTYPEOFCODING

LocationShapeShe

Modeof

OperationLabettngColor

Mayrequireextraspace

Affectsmanipulationofthecontrol(easeofuse)

Limitedmnumberofavailablecodingcategories

Maybelesseffectiveifoperatorwearsgloves

Controlsmustbeviewed(le,mustbewithinvisualareasand
withadequateilluminationpresent

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X



5.4.1.4.4 Shape-Coding

Primary use of shape coding for controls is for identification of
control knobs or handlesby "feel;"however, shapes shaU be
identifiable both visually and tactually. When shape coding is used:

a. The coded feature shaU not interfere with ease of

control manipulation.

b. ShapesshaU be identifiableby the hand regardless
ofthe positionand orientationofthe controlknob or
handle.

c. ShapesshaU be tactuaUy identifiablewhen gloves
are worn, where applicable.

d. A suffident number of identifiable shapes shaUbe
providedto cover the expected number ofcontrolsthat
require tactual identification.

e. Shapecoded knobs and handles shaU be positively
and non-reversiblyattachedto their shafts to preclude
incorrectattachmentwhen replacementis required.

f. Shapes shouldbe associated with or resemble
control functions, and not alternate functions.
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5.4.1.4.5 Color-Coding

5.4.1.4.5.1 Choice of Colors

Controls shall be black (17038,27038 or 37038) or gray (26231 or
36231). If color coding is required, only the following colors
identified in FED-STD-595 shaU be selected forcontrol coding.

a. Red, 11105,21105,31105

b. Green, 14187

c. Orange-Yellow, 13538,23538,33538

d. White, 17875,27875,37875

e. Blue, 15123 shaUbe used ifan additional color is
absolutely necessary.

5.4.1.4.5.2 Immediate Action Controls

Color coding of immediate action controls for aircraft shaU
conform to M1L-M-18012.

5.4.1.4.5.3 Relation to Display

When color-coding must be used to relate a control to its
corresponding display, the same color shaU be used forboth the
control and the display.

5.4.1.4.5.4 Control Pand Contrast

The colorofthe control shaU providecontrastbetween the pand
background and the control.
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5.4.1.4.5.5 Ambient Lighting and
Color-Coding Exdusion

Color coding shaU be compatiblewith antidpated ambient lighting
throughout the mission. Color-coding shaUnot be used as a primary
identification medium ifthe spectralcharacteristics ofambient light
during the mission, or the operator's adaptation to that light, varies
as the result ofsuch factors as solarglare, filtrationoftight, and
variation from natural to artificial light If red lighting is to be used
during a portion ofthe mission, controlswhich would otherwisebe
coded red shaU be codedby orange-yeUow and black striping.

5.4.1.8 Prevention of Accidental Actuation

5.4.1.8.1 Location and Design

Controls shaU be designed and locatedso that they are not
susceptible to being movedaoddentaUy, particularly critical controls
whose inadvertentoperation might causedamage to equipment,
injury to personnel or degradation of system functions.

5.4.1.8.3 Rapid Operation

Any method ofprotecting a control from inadvertent operation shaU
not preclude operation within the time required.

5.4.1.8.4 Methods

For situations in which controlsmust be protectedfrom accidental
actuation, one or more ofthe foUowing methods, as applicable, shaU
be used:

a. Locate and orient the controls so that the operator
is not likely to strike or move them aoddentaUy in the
normal sequenceofcontrol movements.

b. Recess, shield, or otherwise surround the controls
by physicalbarriers. The control shaU be entirely
contained within the envelope describedby the recess or
barrier.

c. Cover or guardthe controls. Safety or lock wire
shaUnotbeused.
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5.4.1.8.4 Methods (Continued)

d. Provide the controls with interlocks so that extra

movement (e.g., a side movement out ofa detent
position or a puU-to-engage dutch) or the prior
operationofa relatedor locking controlis required.

e. Provide the controls with resistance (Le., viscous
or coulomb friction, spring-loading, or inertia) so that
definite or sustained effort is required for actuation.

f. Provide the controlswith a lock to prevent the
control from passingthrougha positionwithout delay
when strict sequentialactivation is necessary (Le., the
control moved only to the next position,then
delayed).

g. Design the controls foroperation by rotaryaction.

5.4.2 Rotary Controls

5.4.2.1 Discrete Rotary Controls

5.4.2.2.1.2 Dimensions, Torque and Separation

The dimensions ofknobs shaUbe within the limits specified in
Figure7. Within these ranges, knob size is relativetyunimportant,
providedthe resistance is low and the knob canbe easily grasped
and manipulated. When panel spaceis extremelylimited, knobs
should approximate the minimum valuesand should have
resistance as low as possiblewithout permittingthe setting to be
changed by vibration or merely touching the control. Resistance
and separation between adjacentedges ofknobs shaU conform to
Figure 7.

5.4.2.2.2 Ganged Control Knobs

5.4.2.2.2.1 Application

Ganged knobassemblies may be usedin limitedappUcations when
pand space is at a premium. Two-knobassemblies arepreferred.
Three-knobconfigurations shouldbe avoided. Ganged knob
configurations shouldnot be usedunderthe foUowing conditions:

M21

11.1



5.4.2.2.2.1 Application (Continued)

a. Extremely accurateor rapid operationsare
required.

b. Frequent changes are necessary.

c. Heavy gloves must lie worn by the operator.

d. Equipment is exposedto the weatheror usedunder
field conditions.

5.4.2.2.2.2 Dimensions and Separation

Dimensions and separationshould conform to Figure8.

5.4.2.2.2.3 Resistance

Resistance shaU conform to requirementsin Figure8. Knobs should
be serrated. Fine serrations should be used on preciseadjustment
knobs; coarseserrationsshould be used on grossadjustmentknobs.

5.4.2.2.2.4 Marking

An indexing mark or pointer shaU be providedon each knob. Marks
or pointers should differ sufficiently to make it apparentwhich knob
indexing mark is being observed.

5.4.2.2.2^ Knob/Display Relationship

When each knob ofa ganged assembly must be relatedto an arrayof
visual displays, the knob closest to the pand shaU relateto the left
most displayin a horizontalarray, or the uppermost displayin a
vertical array (see Figure 8).
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Minimum

Maximum

c

FingertipGrasp

H

Height

13mm(1/2in)

25mm(1in)

D

Diameter

10mm(3/8in)

100mm(4in)

DIMENSIONS

bThumband

FingerEncircled
D

Diameter

25mm(1in)

75mm(3in)

FIGURE7.KNOBS

c

PalmGrasp

D

Diameter

38mm(1-1/2in)

75mm(3in)

L

Length

75mm(3in)



ccc

TORQUESEPARATION

S

OneHand

IndividuaUy

S

TwoHands

Simultaneously

•*>•

Minimum-25mm(1in)50mm(2in)

Optimum--50mm(2in)125mm(5in)

Maximum32mNvm

(4-1/2in-oz)
42mNVm

(6in-oz)

FIGURE7.KNOBS(continued)
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DIMENSIONS

TWOKNOBASSEMBLYTHREEKNOBASSEMBLY

H,H2D,D2H,H2H3D,D2D,

Minimum

Maximum

16mm

(5/8")
13mm

(1/2")
13mm

(1/2")
22mm

(7/8")

100mm

(£L_

19mm

(3/4")
19mm

(3/4")
6mm

(1/4")
13mm

(1/2")
44mm

(1-3/4")
75mm

0-)

100mm

FIGURE8.GANGEDKNOBS
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TORQUESEPARATION

***

ONEHAND

INDIVIDUALLY

TWOHANDS

SIMULTANEOUSLY

BAREGLOVEDBAREGLOVED

Minimum

Optimum

Maximum32mN?m

(4-1/2in-oz^
42mNvm

(6in-oz)

25mm(l")

50mm(2")

63mm(2-1/2")

90mm(3-l/2")

50mm(2")

75mm(3")

90mm(3-1/2")

100mm(4")

*Toandincluding25mm(1")diameterknobs
"Greaterthan25mm(1")diameterknobs

FIGURE8.GANGEDKNOBS(continued)
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c

TORQUE

SEPARATION

a**>

ONEHAND

INDIVIDUALLY
TWOHANDS

SIMULTANEOUSLY

BAREGLOVEDBAREGLOVED

Minimum

Optimum

Maximum32mNvm

(4-1/2in-oz^
42mNvm

(6in-oz)

25mm(l")

50mm(2")

63mm(2-1/3")

90mm(3-1/2")

50mm(2")

75mm(3")

90mm(3-1/2")

100mm(4")

*Toandincluding25mm(1")diamderknobs
♦♦Greaterthan25mm(1")diameterknobs

FIGURE8.GANGEDKNOBS(continued)



5.4.2.2.2.6 Inadvertent Operation

When it is critical to prevent inadvertentactivationofone knob as
the other is being adjusted, a secondaryknob control movement
shaU be required(eg., pressingthe top knob beforeit canbe
engaged with its control shaft). Where inadvertent movement is
undesirablebut not necessarilycritical,knob diameter/depth
relationships shouldbe optimized as shown in Figure 8.
Contrasting colorsbetweenknobs may alsobe used to improve
individual knob identification.

5.4.3 Linear Control

5.4.3.1.1 Push Buttons (Finger or Hand Operated)

5.4.3.1.1.1 Use

Pushbuttons should be used when a controlor an arrayofcontrols
is needed formomentarycontactor foractivatinga locking circuit,
particularly in high-frequency-of-usesituations. Pushbuttons
should not be used for discrete control where the functions status is
determined exclusively by position ofthe switch (Le., an on-off
push button that is pressedin and retainedto turn a circuit on and
pressedagain to releasethe push button and turn the circuit off).

5.4.3.1.1.2 Shape

The push button surfaceshould normaUy be concave (indented) to
fit the finger. When this is impractical, the surface shaU provide a
high degree of fractional resistance to preventslipping.

5.4.3.1.1.3 Positive Indication

A positive indication of control actuation shaU be provided (e.g.,
snap feel, audibleclick, or integral light).

5.4.3.1.1.4 Channel or Cover Guard

A channel or cover guard shallbe provided whenit is imperative to
prevent accidental actuation ofthe controls. Whena cover guard is
in the openposition, it shaU not interfere with operation ofthe
protected device or adjacent controls.
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5.4.3.1.1.5 Dimensions, Resistance,
Displacement, and Separation

Except foruse of pushbuttons in keyboards, controldimensions,
resistance, displacement, and separationbetween adjacentedgesof
finger or hand-operated push buttons shaU conform to the criteriain
Figures 11A and 1IB.

5.4.3.1.1.6 Interlocks or Barriers

Mechanical interlocks orbarriers maybe used instead ofthe spacing
requiredby Figure 11.

5.4.3.1.3 Keyboards

5.4.3.1.3.1 Use

Arrangements of pushbuttonsin the formofkeyboards should be
used when alphabetic, numericor special function information is to
be entered into a system.

5.4.3.1.3.2 Layout and Configuration

The key configuration and the number ofkeys are dependent upon
the predominant type of information to be entered into the system.
The major forms that keyboards cantake, which aid in the entryof
such information, are given below:

a. Numeric Keyboard: The configuration ofa keyboard used
to enter solely numeric information should be a 3 x 3 +1
matrix with the zero digit centered on the bottom row.

5.4.3.1.3.3 Dimension, Resistance,
Displacement, and Separation

The control dimensions, resistance, displacement, andseparation
betweenadjacent edgesofthe pushbuttonswhich formkeyboards
shaU conform to thecriteria in Table 10. For a grven keyboard these
criteria shaU be uniform foraU individual keys. For those
applications where operation whtiewearing (trigger finger) arctic
mittens is required, theminimum keysize shall be 19mm (0.76 in).
Other parameters areunchanged fromthose ofbare-handed
operation (see Table 10).
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DIMENSIONSRESISTANCE

DIAMETER

D

FingertipThumbor
Palm

SingleFingerDifferent

Fingers
Thumbor

Palm

Minimum

Maximum

9.5mm(3/8in)
25mm(1in)

19mm(3/4in)
19mm(3/4in)

2.8N(10oz)
HN(40oz)

1.4N(5oz)
5.6N(20oz)

2.8N(10oz)
23N(80oz)

DISPLACEMENT

Fingertip
A

ThumborPalm

1Minimum
IMaximum

2mm(5/64in)
6mm(1/4in)

3mm(1/8in)
38mm(1-1/2in)

FIGUREHA.PUSHBUTTONS(FINGERORHANDOPERATED)
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SEPARATION

SingleFinger

S

SingleFinger
SequentialDifferentFingersThumborPalm

Minimum

Preferred

13mm(1/2in)
50mm(2in)

6mm(1/4in)
13mm{lain}

6mm(1/4in)
13mm(1/2in)

25mm(1in)
150mm(6in)

Note:Abovedataforbarehandapplication.Forglovedhandoperation,minima
shouldbesuitablyadjusted.

FIGURE11B.PUSHBUTTONS(FINGERORHANDOPERATED)
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TABLE10.KEYBOARDS

DimensionsResistance

Bare-

Handed

Arctic

Mittens

NumericAlpha-
Numeric

Dual

Function
-

Minimum10mm

(0.385in.)

19mm

(0.75in.)

IN

(3.5oz)

250mN

(0.9oz)

250mN

(0.9oz)

Maximum19mm

(0.75in.)

4N

(14.0oz)

1.5N

(5.3oz)

1.5N

(5.3oz)

Preferred13mm

(0.5in.)

19mm

(0.75in.)
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TABLE10.KEYBOARDS(continued)

DisplacementSeparation

NumericAlpha-
Numeric

Dual

Function
(betweenadjacentkey

tops)

Minimum0.8mm

(0.03in.)

1.3mm

(0.05in.)

0.8mm

(0.03in.)

6.4mm

(0.25in)
Maximum4.8mm

(0.19in.)

6.3mm

(0.25in.)

4.8mm

(0.19in.)

Preferred

6.4mm

(0.25in.)



5.4.3.1.3.6 Feedback

Feedback shaU be providedto inform the operator whether:

a. the key was pressed,
b. the intended key was pressed, and
c. the next operationmay be initiated, where applicable.

5.4.3.1.8 Discrete Push-Pull Controls

5.4.3.1.8.1 AppUcations

Push-puU controls maybe usedwhentwo discrete functions are to
be selected. However, suchappUcations shouldbe used sparingly
and forapplications in which suchconfigurations aretypicaUy
expected (e.g.,vehicleheadlight switch, choke, etc.). They may
also be used in certain cases where limited panel space suggests a
miniaturized knob that may be used to serve two related,but
distinct functions (e.g., an ON-OFF/Volume switch for a T.V.
monitor). A three-position push-puU controlis acceptable in
isolated instances where the criticalityofinadvertent selectionof
the wrong positionhas no serious consequences (e.g., the typical
vehicle headlight switch configurationthat providesthree "puU"
positions-Off/Park/Headlight-plus a rotarypanel light and dome
light switch).

5.4.3.1.8.2 Handle Dimensions,
Displacement and Clearances

Push-puU control handles shaU conform to criteriain Table XI.

5.4.3.1.8.3 Rotation

Except for combination push-pull/rotate switch configurations,
push-puU controlhandlesshallbe keyed to a non-rotating shaft,
unless the control is to be used fora specialapplication (e.g., the
handle is rotated to disengagethe brake setting). When the control
system provides a combination push-pull/rotate functional
operation,using a round style knob, the rim ofthe knob shall be
serratedto denote (visuaUy and tactuaUy) that the knob can be
rotated, and to facilitate a slip-free finger grip.
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5.4.3.1.8.4 Detents

Mechanical detents shaU be incorporatedinto push-puUcontrols to
provide tactile indication ofpositions.

5.4.3.1.8.5 Snagging and Inadvertent Contact

Use, locationand operating axis ofpush-pulltype controls shaU
preclude the possibiUty ofthe operator:

a. Bumping a controlwhtie getting into or out ofposition (as in a
vehicle).

b. Snagging clothing, communication cables, or other equipment
items on the control.

c. Inadvertentlydeactuatingthe control setting whUereaching
for another control.
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TABLEXLPUSH-PULLCONTROLS

APPLICATION

CRITERIA
DESIGNCRITERIA

DIMENSIONSDISPLACEMENTSEPARATION

Push-puUcontrol,low
resistance,fortwo-
positionmechanical

and/orelectrical

systems.

D.MIN

DIAM:

19mm(3/4")

C.MIN

CLEARANCE:

25mm(l")

25+13mm

(1±1/2")
S,MINSPACE

BETWEEN:

38mm(1-1/2")

Alternatethreeposition
plusrotaryfunction
acceptablefor
applicationsuchas
vehicleheadlightplus
parkinglights,panel
anddomelights
provideserratedrim.

Add13mm

(1/2")
forglovedhand

MINBETWEEN

PULLPOSNS:

13mm(1/2")

Add13mm

(1/2")
forglovedhand



5.4J. 1.8.6 Direction of Control Motion

Control direction shaU be as foUows:

a. Pull towardsthe operator forON or actuation; pushaway for
OFF or deactuation.

b. Clockwise for actuation or increasingfunctionofcombination
pull/rotaryswitches.

5.4J.1.8.7 Resistance

Force forpullinga pand control with fingers should be notmore
than 18N (4 lb), forpullingaT-bar with four fingers shouldbe not
more than 45 N (10 lb).

5.5 Labeling

5.5.2.1 Orientation

Labels and information thereon should be oriented horizontaUyso
that they may be readquickly andeasUy fromleft to right Vertical
orientation may be used only when labelsare not critical for
personnd safety or performanceand where spaceis limited. When
used, vertical labels shaUread from top to bottom.

5.5.2.2 Location

Labels shaU be placed on or very nearthe items which they identify,
so as to eliminate confusion with other items and labels. Labels

shaU be located so as not to obscureany other information neededby
the operator. Controls should not obscure labels.

5.5.2.3 Standardization

Labels shaUbe located in a consistent manner throughout the
equipment and system.
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5.5.3.2 Abbreviations

Standard abbreviations shaUconform to MIL-STD-12, MTL-STD-
411, or MIL-STD-783. Ifa new abbreviation is required, its
meaning shaU be obviousto the intended reader. Capital letters
shall be used. Periods shaUbe omitted except when needed to
precludemisinterpretation. The same abbreviation shaU be used
for aU tenses and forboth singular and plural formsofa word.

5.5.4.1 Brevity

Labels shaU be as conciseas possiblewithout distorting the
intended meaning or information and shaUbe unambiguous.
Redundancy shaU be minimized, Where the general function is
obvious, only the specific function shaU be identified (e.g.,
frequency as opposed to frequency fador).

5.5.4.2 Familiarity

Words shaU be chosen on the basis ofoperatorfamiliarity
whenever possible, providedthe wordsexpress exactly what is
intended. Brevity shaUnot be stressedifthe results wiUbe
unfamiliar to operatingpersonneL Forparticularusers (e.g.,
maintenance technicians), common technical terms may be used
even though they may be unfamiliar to nonusers. Abstract symbols
(e.g., squaresand Greek letters) shaU be used only when they have
an accepted meaning to aU intended readers. Common,
meaningful symbols (e.g., % and +) may be used as necessary.

5.5.5.1 Black Characters

Where the ambient iUuminancewiUbe above 10 lux (0.9 ft-c),
black characters shaU be provided on a lightbackground.

5.5.5.4.1 Labels

LabelsshaU be printedin aU capitals; period shaU not be usedafter
abbreviations.
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5.5.5.5 Utter Width

The width ofletters should be 3/5 ofthe hdght, except for "M" and
"W", which shaU be 4/5 ofthe hdght, and "I", which shaUbe one
stroke wide.

5.5.5.6 Numeral Width

The width ofnumeralsshatt preferablybe 3/5 ofthe hdght, except
for the "4", which shaUbe one stroke width wider, and the "1",
which shaU be one stroke wide.

5.5.5.8 Stroke Width Normal

For black characters on a white (or light) background, the stroke
width shaUbe 1/6 to 1/7 ofthe hdghL

5.5.5.11 Character Spacing

The minimum space betweencharacters shaUbe one stroke width.

5.5.5.12 Word Spacing

The minimum space between words shaUbe the width ofone
character.

5.5.5.13 Line Spacing

The minimum space betweenlines shaUbe one-half character
hdght
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5.5.5.15 Character Hdght and Viewing Distance

Forgeneral dial and paneldesign, with the luminancenormally
above 3.5 cd/m2 (1 ft-L), character height should conform tothe
values given below for various distances:

Viewing Distance

a. less than 500 mm (19.7 in)

b. 0.5-1.0 m (19.7-39.4 in)

c. 1.0-2.0 m (39.4-78.7 in)

d. 2.0-4.0m(787-157.5in)

e. 4.0 - 8.0 m (157.4 - 315.5 in)

5.5.6.2.4b

Minimum Height

2.3 mm (0.09 in)

4.7 mm (0.18 in)

9.4 mm (0.37 in)

19 mm (0.75 in)

38 mm (1.50 in)

Location

b. Labels should normally be placed above the controls and
displays they describe. When the pand is aboveeye level,
labelsmay be locatedbelow iflabelvisibility wiUbe
enhanced thereby.

5.5.6.2.4e Location

Label locationthroughouta systemand within pand groupings
shaU be uniform.
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APPENDIX M2

ESD-TR-86-278

Guidelines For Designing User
Interface Software
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1. Data Entry

1.0 General

1.0.9 Explidt ENTER Action
U

Always require a user to take an expUdt ENTER action to initiate
processingofentered data; do not initiate processingas a side
effed of some other action.

EXAMPLE: As a negative example, returningto a menu of
^ controloptions shouldnot by itself resultin computer

processing ofdatajust keyed onto a display.

EXCEPTION: In routine, repetitivedata entry transactions,
successful completion ofone entry may automaticaUy lead to
initiation ofthe next, as in keying ZIP codesat an automated

V post office.

COMMENT: Deferringprocessinguntil after an expUdt
ENTER action wiU permit a user to review data and correct
errorsbefore computer processing. This is particularly
helpful when data entry is complex and/ordifficult to reverse.

U

1.0.11 ExpUdt CANCEL Action

Require a user to take an explidt action in orderto cancel a data
entry; data cancellation should not be accomplished as a side effed
ofsome other action.

*J

EXAMPLE: As a negative example, casualinterruptionsofa
data entry sequence, such as pagingthrough forms or
detouring to HELP displays, should not have the effed of
erasing partiaUy completeddataentries.

^ COMMENT: ff arequested sequence control action implies a
more definite interruption, such as LOG-OFF command or a
command to returnto a menu display, then the user shouldbe
asked to confirm that actionandalerted to the loss ofany data
entries that would result
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1.0.12 Feedback for Completion of Data Entry

Ensure that the computer wiUacknowledge completion ofa data
entry transactionwith a confirmation message if data entry was
successful, or else with an error message.

EXCEPTION: In a sequence ofroutine, repetitive data entry
transactions, successful completion ofone entrymight result
simplyin regeneration ofthe initial(empty) data entry
display, in orderto speedthe next entry in the sequence.

COMMENT: Successful dataentry should not be signaled
merelyby automatic erasure of entered data from the display,
except possibly in the caseofrepetitive data entries. For
single dataentry transactions, it may be belterto leaveentered
data on the display until theuser takesanexplidt action to
clear the display.

1.0.13 Feedback for Repetitive Data Entries

For a repetitive dataentrytask that is accomplished asa continuing
seriesoftransactions, indicate successfulentry by regenerating the
data entrydisplay, automaticaUy removing the just-entered data in
preparation for the next entry.

COMMENT: Automatic erasureofentered data representsan
exceptionto the general principle ofcontrol by expUdt user
action. The interface designermay adopt this approach, in
the interestofefficiency, fordata entry transactions that task
analysis indicates wiUbe performed repetitively.

COMMENT: In addition to erasure ofentered data, a
message confirmingsuccessful dataentry mightbe displayed.
Such a message may reassure uncertain users, especiaUy in
system appUcations wherecomputer performance is
unreliable.
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1.0.14 Feedback when Changing Data

If a user requests change (or ddetion) ofa data item that is not
currentlybeing displayed,offer the user the option ofdisplaying
the old value before confirming the change.

<J

EXCEPTION: Expert users may sometimes wish to
implement data changes without displayed feedback, as in
globalreplacetransactions, acceptingthe attendant risk.

COMMENT: Displayed feedbackwiUhelp prevent
\j inadvertentdata change, and is particularly useful in

protecting delete actions. Like other recommendations
intended to reduceerror,it assumes that accuracy ofdata
entry is worth extra effort by the user. For some tasks, that
may not be true.

<J 1.0.24 Prompting Data Entry

Provide prompting for the required formats and acceptablevalues
for data entries.

EXAMPLE: (Good)Vehicle type: _
\J c = Car

t°Truck

b = Bus

(Bad) Vehicle type:

<J EXCEPTION: Prompting may not be neededby skilled users
and indeed may hinder ratherthan help their performancein
situations where displayoutput is slow (aswith Teletype
displays); forsuch users promptingmight be providedas an
optional aid.

^ COMMENT: Prompting is particularly needed for coded data
entries. Menu selectionmay be appropriate for that purpose,
because menu selection does not require the user to remember
codesbut merely to chooseamong displayedalternatives.
Other methods of prompting include labeling data fields, such
as: Vehicle type (c/t/b): and/orprovidingoptional

<J guidance displays.

w
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1.3 Text

1.3.32 Confirming Actions in DELETE Mode

If a DELETEmode is used,highlightanytext specified by a user
for deletion and require the user to confirm the DELETE action
before the computer wiUprocessit

COMMENT: Requiring a user to confirm actions in
DELETE mode is particularlyimportant when the control
entries for cursor positioning (e.g., WORD, SENTENCE,
PARAGRAPH, PAGE) are alsoused to specifytext for
deletion, which is often the case. Users wiU associate the
specificationoftext units primarilywith cursorpositioning,
which is the most frequent action mtextediting. In a
DELETE mode, after specifying text units for ddetion, a user
may press a PARAGRAPH key intending to move to the next
paragraph but aoddentaUy ddete the next paragraph.
Confirmation ofDELETE actions wiUtend to prevent such
errors.

COMMENT: An alternativeapproachto this problemis not
to providea continuingDELETE mode,but insteadrequire
double keying to accomplish ddetions. In a DELETE mode, a
user might pressa DELETE key foUowed by unlimited
repetitionsofa WORD key (orkeys specifying otherunits of
text). With doublekeying, the userwouldhaveto press
DELETE before each selection ofa text unit to be deleted.
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1.3.33 Reversible Actions

Design text editing logic so that any user action is immediately
reversible.

EXAMPLE: If a user centers a heading and then deddes it
would look better flush against the left margin, an UNDO
action should reversethe centering and move the heading
back to its original location.

EXAMPLE: If a user underlines a paragraph oftext and then
deddes it shouldbe in all capital lettersinstead, an UNDO
action should reverse the underlining. The user should not be
requiredto delete the paragraph and retypeit just to erasethe
underscoring.

COMMENT: Reversibleactions are particularly important in
a text editing environmentbecausetext formatting often
involves experimentation with features such as underscoring,
holding, and spacing, ff users know that they can reverse
whatever they do, they wiU fed more freeto delete text and
experiment with formatting features.

COMMENT: An UNDO capability is currently available in
some interfacedesigns. In some applications, however, this
capabUity is providedthrough the use ofan UNDO key which
can only reversethe most recent control action. Fortext
editing, users must be able to reversesuch fonnatting features
as centering and holding at any time. Therefore, ifcontrol
actions are to be made reversible, an UNDO action should be
able to reverse more than the most recentcommand, perhaps
by requiring the userto specify which commandto undo,
and/or to place the cursor at the location ofthe format feature
that is to be reversed.

COMMENT: When text segments have been deleted, it
should be possibleto retrieve more than the most recent
deletion. Some systems do this by storing aU deletions in a
special file. Deletedtext which the user wishes to retrievecan
then be moved from the deletion file to the file in which the

user is presently working.
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1.3.34 User Confirmation of Editing Changes

When a user signals completion ofdocument editing, aUowthe
user to confirm that changes should be made to the original
document, or else to choosealternativeoptions.

<J

COMMENT: A user wiUgeneraUywish to replacethe
original document with its edited version. However,
sometimes a user may dedde that editing mistakes have been
made, and wish to discardthe new version while saving the
original. Or a user might wish to save the new version as a

u separate document, while savingthe original unchanged.
Such decisionscanbe madebestat the end ofan editing
session,when the user knows what has been accomplished,
rather than before a session is begun.

COMMENT: During text editing, the computer should
u always retain a copy ofthe original document until the user

confirms that it shouldbe changed. The originaldocument
should not be changed automaticaUy as the user enters each
qrliti"C change.

3. Sequence Control
u

3.0.1 Flexible Sequence Control

Provide flexible means of sequence controlso that userscan
accomplishnecessary transactions involving dataentry, display,
and transmission, or can obtain guidanceas needed in connection

w with any transaction.

EXAMPLE: m scanning a multipagedisplay the user should
be able to go forward or back at wiU. Ifuser interfacedesign
permitsonly forward steps, so that the usermust cycle
through an entire display seriesto reacha previouspage, that

o design is defident

COMMENT: Necessary transactions should be definedin
task analysis prior to software design.

V
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3.0.7 LogicalTransaction Sequences

When designing a sequence of relatedtransactions for some
information handling task, employ task analysisto ensure that
those transactions wiU constitute a logical unit or subtask from a
user's viewpoint, and to determine what controloptions userswiU
need at any point

COMMENT: A logicalunit to the user is not necessarilythe
same as a logical unit ofthe computer softwarethat mediates
the transaction sequence. It might be, for example, that a user
should enter ten items ofdata in a single transaction, because
those data aUcome from one particular paper form, even
though the computerwiUuse five ofthose items forone
purposeand five items foranotherin its subsequent internal
processing.

3.5 Error Management

3.5.7 User Confirmation of Destructive Entries

When a control entry wiUcauseany extensive change in stored
data, proceduresand/or system operation, and particularly ifthat
change cannot be easily reversed,notify the user and require
confirmation ofthe actionbefore implementing it

3.5.9 Distinctive CONFIRM Action

Provide an explidtly labeledCONFIRM functionkey, different
from the ENTER key, for user confirmationofquestionable control
and data entries.

COMMENT: Confirmation should not be accomplished by
pushing some other key twice.

COMMENT: Some interfacedesigners recommended that in
spedal cases confirmation shouldbe made more difficult still,
(e.g., by keying the separate lettersC-O-N-F-I-R-M). Even
such extreme measures, however, cannot guarantee thatusers
wiU not make errors.
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3.5.10 UNDO to Reverse Control Actions

Ensure that any user action can be immediately reversedby an
UNDO command.

EXAMPLE: If a user is overhasty in confirming a destructive
action, and realizes the mistake right away (Le., before taking
another action), then an UNDO action might be taken to
reverse the damage.

COMMENT: UNDO itselfshould be reversible, so that a
secondUNDO actionwiUdo againwhateverwasjust undone.

COMMENT: Such an UNDO capabilityis currentlyavailable
in many interfacedesigns,and shouldbe provided more
generally. Even with an UNDO capability, however, a user
may make an irretrievable mistake, ff succeedingactions
intervenebeforea priordestructive action is noticed.

3.5.13 Flexible BACKUP for Error Correction

AUowusers to BACKUP easily to previous steps in a transaction
sequence in orderto correctan erroror make any other desired
change.

4. User Guidance

4.0 General

4.0.16 Familiar Wording

When wording labels, prompts and user guidance messages,adopt
terminology familiar to users.

EXAMPLE:

(Good) Datarequires special access code; caU Data
Base Admin, X 9999.

(Bad) DvfS/VSDBMS private data; see DBSA, 0/99-
99.
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4.0.17 Task-Oriented Wording

Adopt task-oriented wording for labels,prompts and user guidance
messages, incorporatingwhateverspecialterms and technical
jargon may be customarilyemployed in the users'tasks.

COMMENT: Jargonterms may be helpful, ifthey represent
the jargonofthe user andnot ofthe designer or programmer.
The rule here shouldbe to know the users and adapt interface
designto theirvocabulary instead of forcing them to learn
new wording.

4.0.18 Wonting Consistent with Control Entry

Choose wording foruserguidance that is consistent with the words
used for control entries.

o EXAMPLE:

(Good) To deletea paragraph, press DELETEand then
PARAGRAPH.

(Bad) To erasea paragraph, pressDELETE and then
O PARAGRAPH.

EXAMPLE: If a user must completea control form to specify
printersettings,the words usedas labels on that form should
alsobe used in any errormessages and HELPdisplayswhich
may guide that process.

COMMENT: When selectingor composing control entries, a
user will tend to mimic the vocabulary, format, and word
orderused in computer displays, including labels, error
messages,HELPdisplays, etc. If displayed wording is
consistentwith required entries, a userwiUbe more likely to
make a correct entry on the first try.
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4.0.18 Wording Consistent with Control Entry (Continued)

COMMENT: Consistent wording ofuser guidance wiU be
particularlyhelpful for dialogues based on constrainednatural
language, ff a designerbegins by determining which words
and formats users are likely to choose naturaUy,and then
reinforces that usageby incorporating such wording in user
guidance,much ofa user'sinteraction with the computerwiU
be predictable. Therefore, the "natural language" need not
accommodate the full rangeofpossibleentries,but only those
entries which users are likely to make.

4.3 Error Feedback

4.3.1 Informative Error Messages

When the computer detects an entry error,displayan error
u message to the user stating what is wrong and what can be done

about ft.

EXAMPLE:

(Good) Code format not recognized;enter two letters, then
<j three digits.

(Bad) Invalid input

COMMENT: Users should not have to searchthrough
reference information to translate errormessages.

COMMENT: Error messages can be regardedas the most
important form of system documentation. WeU designed error
messageswill give help to usersautomatically, at the point
where help is most needed.
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4J .3 Task-Oriented Error Messages

Adopt wonting for error messageswhich is appropriate to a user's
task.

EXAMPLE:

(Good) Contract numbernot recognized; checkthe fileand
enter a current number.

(Bad) Entry blocked. Status Flag4.

COMMENT: Error messagesthat can be understood onlyby
experienced programmers (andinterface designers) wiUhave
no value for ordinaryusers.

4.3.5 Brief Error Messages

Make errormessagesbriefbut informative.

EXAMPLE:

(Good) Entry must be a number.

(Bad) Alphabeticentries are not acceptable becausethis
entry wiUbe processed automaticaUy.

COMMENT: Often a user wiU recognize that an error has
been made, and the message wiUserve merely as a confirming
reminder. In such instances, short error messages wiU be
scannedand recognizedmore quickly.

COMMENT: Fora user who is truly puzzled, and who needs
more information than a short errormessagecan provide,
auxiliary HELP can be providedeither on-line or by reference
to system documentation.
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4.3.5 Brief Error Messages (Continued)

COMMENT: ffan on-line HELP explanation is not
available, a user may have to refer to system documentation
for a coded listing ofpossible errors. Under those
circumstances, some designers display each error message
with an identifying code, to facilitaterapid reference to
documentation. That practicemight help experiencedusers,
who would graduaUy come to recognize the codes.

4.3.6 Neutral Wording for Error Messages

Adopt neutral wording forerror messages; do not imply blameto
the user, or personalize the computer, or attemptto make a
message humorous.

EXAMPLE:

(Good) Entry must be a number.

(Bad) Illegal entry.

(Bad) Don't be dumber, use a number

COMMENT: Errormessagesshould relied a consistent view
that the computer is a tool, with certain limitations that a user
must take into account in order to make the tool work

properly. If errormessages reflectan attitudethat the
computer (or its programmer) imposes rules, or establishes
"legaUty", the user may feel resentful If error messages
reflectpersonalization ofthe computer, as ifit werea friendly
coUeague, a naive user may be misled to exped human
abilities the machine does not actuaUy possess. If error
messages arewordedhumorously, any joke wiU surely wear
thin with repetition, and come to seem an intrusion on a user's
concern with efficient task performance.

COMMENT: The same considerations apply for the wording
ofcomputer-generated promptsand other instructional
material.
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4.4 Job Aids

4.4.7 Prompting Entries

Provide advisory messages andotherprompts to guideusersin
entering requireddataand/or control parameters.

COMMENT: Prompting in advance ofdata/control entrywiU
hdp reduce errors, particularly for inexperienced users.

COMMENT: Ifa default value has been defined for null
entry, thatvalue should be included in the prompting
information.

4.4.9 Consistent Format for Prompts

Use consistentphrasing and punctuation in aU prompts.

EXAMPLE:

(Good) Saveasnew file orOverwrite old file (S/O):

and

Create new file or Edit old file (C/E):

(Bad) (S)ave as new file or (Overwrite old file:

and

Would you like to create a new fileor edit an old
file (C/E):
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a) Extended Exposure

Exposureto loud noise for an extended periodoftime can
cause permanent hearing loss. The degreeofexposure that
wiU result in damagedepends on intensity and individual
susceptibility.

b) Communication

Even low levels ofnoise can interfere with communication.

c) Task Complexity

Noise can adverselyaffed performance, with the effects being
greater for more complex tasks.

d) Intermittent Noise

Intermittent noise has more adverseeffects than steady-state
noise.

Adverse Effects

Generaleffects ofa noisy environment include fatigue,
distractibility, sleep disturbance, irritation,and aggressive
behavior.

Psychological Factors:

Peopleare generallyless sensitive to noise relatedto their
weU-being.
Peopleare more sensitive to unpredictable noise.
Peopleare more sensitive to noise they feel is unnecessary.
Peoplewho are most sensitive to noise become increasingly
disturbedas the noise persists,whereasthe annoyance level of
less sensitive individuals remains constant over time.

The perceivedabrasiveness ofcertainsounds is subjective and
varies considerablyamong individuals.
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e) Purpose

The acousticaldesign goalsareto establisha satisfactory
environment relative to the human environment relative to the
human response to noise, to prevent hearing loss, to minimize
disruption ofspeech communications, and to minimize noise-
induced annoyance/stress factors.

f) Intelligibility

Forsatisfactory communicationofmost voice messages in
noise, 75% intelligibility is required. The ratioof speechlevd
to backgroundnoise level affects inteUigibuity.

g) Distance

The distance from speaker to listener, background noise level,
and voice level are important considerations. Ambient air
pressureand gaseouscompositionofthe air are important
considerations, becausethey affed voice efficiency and
frequency content

h) General

Currently, aural displays are used primarily to present caution
and warning messages. The addition ofverbalcontent might
decrease responsetime and increase inteUigibility. This
functionwiUbecome particularly criticalin single-pilot
operations, when the ptiot wiUbe responsible for monitoring
cockpit instruments and vehicle systems even when his or her
attention is directedto the outside scene during NOE flight

Becauseauditoiy messagesare limited in duration, important
information may be lost if messagesarenot understoodthe
first time they occur. Forthis reason, redundantvisual
displays ofcriticalmessagesarenecessary.

Although inteUigibuityremains a problem, synthesized speech
warning messages can be understoodas easilyas digitized
human speech once the pilotsbecome familiarwith the
messages (HartzeU, Aiken, & Moorhees, 1984).
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h) General (Continued)

Synthetic voicemessages areattention getting because the
voice quality is different than human communications.
Synthetic speechplacesgreater demandson short-term
memory and does not have the same redundancyas human
speech. Furthermore, there is a greater decrement in
intelligibility for synthesized messages presented in a noisy
background (Crittenden, 1986).
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Numeral, Letter and Symbol Dimensions For
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3. General Environment

3.2 Marking Requirements

a. Light characters on darkbackground

b. Minimum characterbrightness - 0.3 Foot
Lamberts

c. Brightness contrast

White on Black -12 (or greater)

Gray on Black
YeUow on Black - 5 (or greater)
White on Grey

d. Color ofiUumination • white
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4.

4.2

Numeral, Letter and Dial Requirements

Dimensions

Minimum Width to Stroke

Character Height Width to

Height Ratio Hdght
Ratio

Flat Dials IN MM

Fixed 0.15 3.81 3/51 in torn2
Moving 0.2 5.08 3/5' in torn7

Counters

(Cylindrical)
Fixed (Settable) 0.187 4.75 3/5 to intoi/82

Moving 0.25 6.35 1/1*

1 Except for thenumerals "1" and "4" and theletters
"I,""M"and"W".
The "1" shaU be one stroke width.

The "4" shaU be one stroke wider than the others.

The "I" shaU be one stroke width.

The "M" and "W" shaU be approximately20%
wider than the other letters.

2 Assuming direct iUumination. When figures are
transiUuminated, a stroke-width/hdght range of
1/8 to 1/10 should be considered.

4.3 Grouping

Character spacing -1 stroke width, minimum.
Word spacing• 1 characterwidth, minimum,
Graduation • Character spadng • 1 stroke width, minimum.
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APPENDIX 03

SAE/ARP 571C

Flight Deck Controls And Displays For
Communication And Navigation Equipment

For Transport Aircraft
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7. Displays

7.2 Display Devices

7.2.2 Character Size

Character styles andheight-to-width ratio shaU be0.65minimum
witha hdght of noless than20arc minutes (0.006 Radians) of
visual angle for theoverhead panel and noless than 15 arc minutes
(0.0045 Radians) ofvisual angle for aU other applications.

7.2J LegibiUty

The display shaU be legible under aU normaUy encountered
ambientlighting conditions. Means of display brightness
adjustment shaU beprovided. Automatic adjustment after the
crew's initial setting is desirable. The display shaU be designed so
thatthe flight crew wiU notbeexposed toundue fatigue due to
flickering, unfocused characters, etc.

7j Dedicated Displays

7.3.3 Navigation Equipment Displays

It is desirable thatthe Captain andFirst Officer eachbe provided
with indication of aU navigational information; however, it is
permissible, asspecified inthis ARP, to provide a single display
common to both pilots.

Where a display maybe switched to provide information to the
crew from more than one source,means must be provided to
indicate clearly towhich source thedisplay is currently connected.
Display of selected source mustbe in the direct visionof the
respective crew member whenlooking atthe relevant display, and
shallgivean indication consistent with navigation control
sdection.

ff auto-tune is considered,station identification shall be displayed,
and frequency may be displayed.

O10
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Design Objectives For CRT Displays For
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5.1 Display Physical Characteristics

5.1.3 Symbol Alignment

Symbols which are interpretedrelativeto each other (that is,
cursorson scales, conimand barsagainstreference points, etc.)
shaU be aligned at theirmidpoints towithin0.7 mr from anypoint
within the instrument's viewing envelope.

5.1.10 Symbol Quality

Symbols shouldhavea high qualitypainted-on appearance with no
bright spots, tails, squiggles, skews,orgaps; the distorted
dimension should not exceed one halfthe local line width.

5.1.12 Symbol Motion

For thoseelements of the display thatarenormaUy in motion, any
jitter, jerkiness orratcheting effectshaU notbedistracting or
objectionable.

5.2 Photo-Colormetric Characteristics

5.2.1 General

The display symbologyshouldbe clearlyreadable under all
ambient lighting levels ranging from 1.1 lx (0.1 fc) to sunshafting
iUuminationof86 400 lx (8000 fc) at 45 deg inddence to the face
ofthe display.

5.2.2 Luminance

The display lununance shall be sufficient to providea comfortable
level ofviewing with rapidadaptation when transitioning from
looking outside the cockpit These recommendations were
developed from tests in which symbologynot only had to be
readable in the extreme ambient conditions, but the color ofthe
symbology had to be ascertained without regard to symbol shape.
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5.2.2.1 Maximum Luminance

With manual and automatic luminance controls at a maximum, the
display luminanceof the primarycolorswhen measured in a dark
ambientshouldbe at leastthe foUowing forapplication in which
symbolsaresingle line construction (larger geometries need less
luminance) and area subjects that present meaningful information
(forexample, weatherradar) rather thanjust an aesthetic
background. This luminance requirement (in unitsof candela per
squaremeter and foot lambeits) shall apply over the normal useful
life ofthe equipmentincludingend-of-life.

Symbol Lines Area Subjects

Red48cd/m2(14fL)
Green 103 cd/m2 (30 fL)

Blue 17 cd/m2 (5 fL)

9.3 cd/m2 (2.7 fL)
20cd/m2(5.8fL)

3.9 cd/m2 (1.15 fL)

Based on subject with 0.67 mr line width

5.2.2.2 Minimum Luminance

To achieve acceptableviewing in dark conditions, the minimum
display luminanceofthe primarycolorsunder which the
performancerequirementsofthis ARP shaU be md when
measured in a dark ambientshouldbe no greater than:

Symbol Lines Area Subjects

Red 0.192 cd/m2 (0.056 fL)
Green0.420 cd/m2 (0.120 fL)

Blue 0.068 cd/m2 (0.024 fL)

0.113 cd/m2 (0.033 fL)
0.247 cd/m2 (0.072 fL)
0.041 cd/m2 (0.012 fL)

Whereapplicable, the automatic brightness control shaU be
inhibited for these requirements.

NOTE: These minimum luminance values have been established
for dark-adapted cockpits. These values maybe increased for
applications where thecockpit ambient lighting design precludes a
highdegree of nightvisionadaptation.
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5.2.2.2 Minimum Luminance (Continued)

Under night lighting, with the display brightness set at the lowest
usable level for flight with normal symbology, all flags and
annunciators shaUbe adequatelyvisible.

5.2.3 Color

Color definitions shaU be based on the CIE 1976 Uniform

Chromatidty Scale u', v' coordinates.

5.2.4 Color Uniformity

A symbol ofa specified color shaU have a chrominance which is
uniform over the entire screen. The chromatidty difference (CD)
between any two points on the screenofthe same color shaU not
exceed 0.034.

S.2J5 Color Difference

Displayed symbology shaU be distinguished from its background
and from other symbols by means ofluminance differences or
chromatidty differences, or both, in aUambient conditions defined
in 5.2.1.

The most crediblecolor different system is CELUV, which is
described in Supplement 2 to CIE Publication No. 15;but it does
not consider symbol size and does not offer criteria for perception.
Except in cases where an absolutechromatidty is desired (for
example, robin's egg blue for sky shading), colors should be
selected which maximize color differences. Results should be

analyzed using the CRITERIA system There is no adequatebasis
for specifying a minimum acceptable difference at this time.

5.2.6 Reflections

The display surface should have a reflection-redudng coating with
performancecharacteristics per AMS 2521A. Surfaces in the
optical pathshouldbe treated appropriately to reduce specular
reflections.
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7« Color

7.1 General

7.1.1

Color shall have the sameoperationalsignificance throughoutthe
flight deck foraU mechanical, electromechanical, andelectronic
equipment

7.1.2

ColorcodingshaU be supported by a redundant meansof coding
(e.g., shape, position, function) foraU operationally significant
indications.

7.1.3

ColorshaU be used with the aim ofenhancing the distinction
betweenindications, symbols andannundations,but the number of
colorsand extent ofusageshouldbe minimized to avoidlossof
discrimination.

7.1.4

Colors shaU maintain their discrirninabUity over the fiiU rangeof
ambientlight conditions (darknight to directsunlight)andaU
brightness settings.

7.2 Color Set

7.2.1

Colors shall be selected from the foUowing set of nine: Red,
Tan/Brown, Amber, YeUow, Green, Cyan, Blue, Magenta, and
White.

NOTE: Care must be taken to ensure that suffident contrast is

maintained where red,brown, or ambercolors are superimposed or
used in close proximity to eachother.
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7.3 Color C oding for Electronic Displ

7.3.1

The foUowingdisplay features shaU be color coded as bdow:

Warnings Red

Flight envelope and critical
parameter limits Red

Cautions, abnormal sources Amber/Yellow

Earth Tan/Brown

Scales and associated figures White

Engaged modes Green

Sky Cyan/Blue
ILS deviation pointers Magenta
Flight director ban Magenta or Green

7.3.2

The foUowing display features shaU be aUocated a color from a
single acceptable code. Codes 1 and 2 below have been found
acceptable.

Codel Code 2

Fixed reference symbols White YeUow

Current data, values White Green

Armed modes White Cyan
Selected data, values Green Cyan
Selected heading Magenta Cyan
Active route/flight plan Magenta White

7.3.3

Predpitation and turbulence areas shaU be coded as below:

Predpitation up to 3 mm/hr Green

4-12mm/hr Amber/YeUow

12 • 50 mm/hr Red

Above 50 mm/hr Magenta
Turbulence White or Magenta
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7.3.4

Bearing pointers shouldbe color codedto comply with paragraph
7.1.1.

7.3.5

Backgroundcolor(greyor other shade) may be used to enhance
displaypresentation and improve legibility.
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6.3 Primary Flight Instruments-EHSI/ND

6.3.1

The instrument shaU providea dear and unmistakable displayof
aircraftposition, headingthe track relativeto desired course/track.
It shaU requirea minimum of pUot computation or interpretation.

6.3.2

In additionto the compassrose format EHSI/NDequipment shaU
generate a moving map format uponwhich weather radar data may
be superimposed, andshouldprovide a planformat for verification
ofstored flight plans.

6.3.3

The compass rose format when instaUed shaU present the foUowing
information:

(i) Magnetic/true heading/track and scale
(ii) Selected heading

(iii) Selected source/desired track
(iv) Aircraft reference symbol
(v) Vertical path deviation and scale

(vi) Lateralpath deviationand scale
(vii) Bearing pointers) (optional)
(viii) To/from indication
(ix) Distance to waypoint
(x) Annunciation ofmanually selected navaids

(xi) Failure flags
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6.3.4

The map format shaU incorporate the foUowing features:

(i) DataareasshaU not degrademcrving symbolsor tracks
(ii) Alphanumeric legendsshaU remainuprightwith map

rotationexcept compass numerals on the headingscale
(iii) Waypoints,VORs, NDBs, airports, reporting points,

intersections, etc., shaUbe identified by conventional
terminology and abbreviations

(iv) Symbols shall refled accepted navigationchartusage
(v) Courses and desired track lines shaU remainin view when

their origin or termination is not visible
(vi) Actual coursesor projected track lines shaU be clearly

distinguishable when coinddent with plannedcoursesor
track angles

(vii) Movement ofsymbols and lines shaU be smooth during map
rotationand parameter sdection

(viii) Automatic and/or manual de-clutteras a function of flight
phase shaU be provided

6.3.5

The map format shaU presentthe foUowing information:

Items (i), (ii), (iii), (iv), (ix), (x), (xi), of paragraph 6.3.3 and:

(xii) lateral path deviation from desiredtrack
(xiii) Wind speed and direction (ff available)
(xiv) Range marks/scale
(xv) Weather radardata identifying predpitation ratesand/or

turbulence levels

(xvi) Active flight plan
(xvii) WaypointA'OR/NDB/Airport/Reporting point/Intersection

data

021

3T?



6.3.6

The map format may present the following information:

(i) Lateraland/orverticalpathdeviationand scale
^ (ii) Drift angle/trackangle error

(iii) Ground speed
(iv) Wind on nose/tailand/orcrosswind component
(v) Time to go

(vi) ETA/ETEZETO
(vii) Radial from selected navaid

o (viii) Frequency and/or identification ofactivenavaid
(ix) Bearing pointers
(x) To/from indication

(xi) SIDs, Holding pattersand STARs
(xii) Area minimum altitudes
(xiii) Obstructions

^j (xiv) Predictive track (inhibited forturn rates less than 0.5
deg/second and removedwhen bank angle exceeds 35
deg)

(xv) Optimum climb/descent, inchiding top ofclimb/descent
and bottom ofclimb/descent

(xvi) Altitude interceptarc
w (xvii) Waypoint constraints

(xviii) Time marks/deviation
(xix) Collision avoidance indication
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3.1

3.1.1.6 Integral Lighting

4.2 Viewing Characteristics

4.2.2 Symbol Alignment

Symbols which are interpreted relativeto each other, including
mechanically produced symbols thatareinterpreted relative to
electronically produced symbols, shallbe aligned, including
parallax misinterpretation of information.

4.2.3 Positional Accuracy

The display absolute positional accuracy shall be better than 5% of
the maximum diagonal dimension ofthe display. In no case shall
the absolute positional errorcauseerroneous data to be presented.

4.2.5 Line Width

Line widths shall be of sufficient size and sharpnessto display the
intended information with no distracting visual effects or
ambiguities.

4.2.8 Symbol Quality

Lines, symbols, and characters shall have no tails, squiggles,
skews, or gaps discernible from the design eye viewing envelope
which cause erroneousinterpretation.

4.3 Photocolorimetric Characteristics

4.3.2.1 Luminance

The displayluminanceshallbe sufficient to provide a usable
display under the maximum ambientilluminationlevel appropriate
to the display type (asdefined in paragraph 2 ofthis AS) and
application.
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4.3.2.2 Luminance Uniformity

The luminance ofa given symbol, line, character, or generated
backgroundshall not vary morethan:

1) +30%when located within the useful displayarea, or
2) ±20%when located within the central80% of the

useful display area.

Theserequirements apply for anyluminance control setting.

4.3.2.3 Manual Luminance Control

The display system shall have capability for manual luminance
control.

4.3.2.4 Automatic Luminance Control

If the display system has automatic luminance compensation, the
operation of this compensation shall function sothatthe system
meets the requirements of paragraph 4.3.1 under changing cockpit
ambient light levels. Manual luminance control shall notbe
adversely affected by failure of the automatic luminance control.

4.3.2.5 Luminance Tracking

When the luminanceof the display is variedfrommaximumto
mjnipmm, the relative luminance ofall displayedsymbols,
characters, lines, andgenerated backgrounds shallvisuallyremain
constant In no case shall any symbols or characters become
invisible at the minimum luminance setting while other characters
or symbols are visible.

4.3.3 Color

Where multiple colorsare used to enhance discrimination, the use
ofcolor shall not result in the erroneousambiguous interpretation
ofthe displayedinformation. In no caseshouldcolorsbe selected
which conflict with the requirements of paragraph 4.3.1.

In general, color should not be used as the only coding dimension
for critical information.
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4.3.4 Color Uniformity

The color difference between any symbols ofthe same color located
at any position within the useful display areashall not be sufficient
to causean ambiguityor an incorrect identificationofan assigned

^ color overthe entire range of luminance control.

4.3.5 Convergence

When a displayelementis a composite ofmultipletraces (suchas
multiplegunsof a shadow maskCRT, oralternate fields of abeam

^j penetration CRT), thebeam centers shall be converged. This
convergence valueat anypointshallbe withinthe average of the
line widthsofthe respective traces at that point This requirement
applies overtheuseful display area for all symbol intensity
settings.

v.;

O
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APPENDIX 08

Display Technology: Human
Factors Concepts
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a) While the use ofauditory information may help to alleviate
visual clutter, overuse can lead to auditory clutter (p. 48).
Auditory displaysare,by their very nature, intrusive and
distracting. They may, under certain conditions, disrupt
concentration. Simon and Marchionda-Frost (1984) point out
that the listener typically does not comprehend the meaning ofa
speech message until transmission is nearly complete.

b) p. 49 • The use ofspeech is likdy to be more effective in
conditions ofhigh workload and stress, when the meaning of
coded signals may well be forgotten(Edman, 1982).

c) Nonspeech signals may be more easily comprehended by users
who have hearing difficulties as well as by those who arenot
familiar with spoken English.
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