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1.  PURPOSE.  This paper describes the HUD/HDD/HMD single medium flight display endorsement process for Air Force aircraft IAW AFI 11-202, Volume 3 para 2.6.  It describes criteria and procedures acceptable to the USAF Flight Symbology Development Group (FSDG) for evaluation of HUD/HDD/HMD single medium flight displays for endorsement as a primary flight reference (PFR). 

2.  INTRODUCTION.  The Air Force has a need to endorse current and proposed electronic flight displays used in modern cockpits.  This need arose because the modern “glass cockpit”, with Head-Up, Head-Down, and Helmet Mounted displays has profoundly impacted instrument flying and spatial orientation considerations.

Technological advancements have revolutionized the way modern cockpits look and perform.  High tech cockpits, with computers and electro-optical displays (sometimes called “glass cockpits”), are rapidly replacing electromechanical “round dials” and conventional layouts.  The good news is, software driven avionics, complex instrumentation, multiple mission data sources, multifunction displays, and artificial vision devices provide improved combat capability.  However, the weapon system development process has surged ahead with little consideration for basic aviation needs.  In many cases, new designs emphasize the employment portion of the mission without the necessary consideration of attitude awareness and instrument flight throughout the entire mission.  As stated in AFI 11-202, Volume 3 para 2.6.1.1, “Attitude awareness is a full time Air Force mission requirement.”

Glass cockpits have given engineers unprecedented flexibility to design and format new displays.  Consequently, the cockpit design and development process has changed from well-understood standard specifications of the basic instrument displays to one based increasingly on mission specific needs.  In many cases, symbols originally developed for weapons delivery are now used for instrument approaches and navigation.

The small amount of cockpit space available, technological advances, and the large costs associated with multifunction displays are squeezing the traditional basic flight instruments into a single display, otherwise known as the “Primary Flight Reference” or PFR.  The PFR concept is based on the ability of a single medium display, or group of displays in a logically organized layout (i.e. T- instrument cross-check arrangement, reference MIL STD 1787  para 4.1.6.2), to continuously provide data and information necessary to maintain attitude, airspeed, and altitude awareness and accomplish instrument maneuvers while maintaining the ability to recognize and recover from unusual attitudes.

3.  BACKGROUND.  In March 1987, AF/XOO tasked the Instrument Flight Center (now AFFSA/XO) to “develop specific cockpit instrumentation standards required to effectively perform instrument flight maneuvers.”  The requirement of size and space, along with the ever growing concern for the lack of human factors inputs, led the Air Force to develop MIL-STD 1787, Aircraft Display Symbology, to provide guidelines for electronic instrument symbology and displays.  The MIL-STD was developed through simulation, flight test and human factors evaluation and provides for both head-up and head-down display formats.  While mission specific symbology formats are included, the concept is to provide basic instrument symbology and mechanization that will not be misinterpreted due to similarity and still allow mission accomplishment.

Because of the concerns of instrument flight and spatial orientation, AF/XOO instituted the flight instrument endorsement process based on MIL-STD 1787.  This process is designed to be flexible, giving latitude in determining acceptable alternatives to displays not conforming to the MIL-STD.  The flexibility is in the form of “test and evaluation” and is dependent on the severity of differences between the submitted display and the accepted standards.

The criteria provided in this document is based on the information derived from the MIL-STD investigations and from the lessons learned from previous aircraft displays that have been endorsed as PFRs.  Because of increasing industry interest in endorsing and operationally using HUD/HDD/HMD as PFRs, the information contained in this document is intended to provide a uniform basis for operational approval for use of HUD/HDD/HMD single medium flight displays as a primary flight reference.  Although this document is aimed specifically at single medium flight displays, it follows that a combination of displays will also fall under this same guidance.

4.  RELATED MATERIAL.  MIL-STD 1787, FAA Advisory Circular 25-11, MIL-HDBK-87213.

5.  DEFINITIONS.  The following definitions are applicable to this document.


5.1.  Head-Up Display (HUD).  A complete airborne system (one display) which provides essential information necessary to evaluate aircraft position/motion, and symbology/mechanization to maneuver the aircraft by reference to flight path, rate of aerodynamic change, and any other parameter necessary to control the aircraft.


5.2.  Head-Down Display (HDD).  A display or set of displays that provide control, performance and navigational information which is presented to the pilot on conventional head down instrumentation, or head-down on advanced electronic cathode-ray tube (CRT) or LCD instruments.

5.3.  Helmet-Mounted Display (HMD).  Same basic concept as a HUD except the display device is mounted on a helmet and projects information into the pilot’s field of view.

5.4.  Basic Flight Instrument (Basic T).  The conventional flight instrument arrangement (airspeed on the left, attitude in the center, altitude on the right and heading on the bottom) as described in Section 25.1321 of the FAR.









6.  GLOSSARY OF ACRONYMS.

AFI – air force instruction

CDI – course deviation indicator

CDL – climb/dive ladder

CDM – climb/dive marker
CRT – cathode-ray tube
CTFOV – center total field of view

EADI – electronic attitude director indicator

EO – electro-optical

FOV – field of view

FPM – flight path marker
FSDG – flight symbology development group
GHL – ghost horizon line

HSI – horizontal situation indicator

HDD – head-down display 

HMD – helmet-mounted display

HUD – head–up display

IFOV – instantaneous field of view

ILS – instrument landing system
LCD – liquid crystal display
MIL STD – military standard
NVG – night vision goggles
PFR – primary flight reference

TFOV – total field of view

7.  
PERFORMANCE PARAMETERS.  The following PFR performance parameters are established by the FSDG for use in evaluating the ability of  proposed flight instrument displays to accomplish established maneuvers in several flight segments.  The goal is to establish a yardstick for performance with which the FSDG can evaluate the proposed display.  Although the parameters are set for evaluations, momentary deviations are allowed (much like an aircrew checkride) if corrected in a timely manner, and it doesn’t detract from the overall event effectiveness.  

7.1.  Four areas have been established for display performance.



7.1.1.  Basic Flight.  Takeoff/departure, navigation, instrument approach procedures (precision and non-precision), missed approach and landing.
	MANEUVER
	EVENT
	RATING

	Takeoff/departure
	Fly X radial, @ X DME turn 

heading X, altitude X, airspeed X
	Airspeed +/- 10 KIAS

Altitude +/- 200 feet

Heading +/- 5(

	Navigation
	Enter holding, altitude, airspeed
	

	Instrument Approach
	- Arc from holding, partial

configuration on arc, altitude       (step down), airspeed

- Intercept final approach

course (precision and non-

precision), step down altitude, airspeed

- @ FAF, final configuration to MAP
	Precision
Course +/- 1 dot

GS +/- 1 dot

Airspeed +/- 5 KIAS

Non-precision/radar
Course +/- 5(
Airspeed +/- 5 KIAS

Altitude +/- 100 feet

	Missed 

Approach
	Follow missed approach procedure, altitude, airspeed, clean configuration


	Airspeed +/- 10 KIAS

Altitude +/- 100 feet

Heading +/- 5(


	Landing
	Transition to land, airspeed (evaluate clutter)
	Safe position to land from FAF,

MAP; land visually


Figure 1.  Basic Flight Performance Parameters 


7.1.2.  Unusual attitude recognition and recovery.  Suggested events for determining if the PFR meets current standards.
	MANEUVER
	EVENT
	RATING

	
	0( pitch

60( bank
	

	
	0( pitch

135( bank
	

	UNUSUAL

ATTITUDE 
	+ 30( pitch

30( bank
	-  Pilot initiates recovery toward correct

   horizon and altitude within 1 second

	RECOGNITION

AND
	- 30( pitch

150( bank
	-  Minimal loss of altitude and airspeed

   (subjective)

	RECOVERY


	+ 50 ( pitch

45( bank
	-  Full time horizon reference

-  Full time attitude (pitch and bank) 

	
	- 50 ( pitch

-120( bank
	reference

	
	*pitch and bank may vary with aircraft type*
	-  No more than 10% errors in roll reversals




Figure 2.  Unusual Attitude Recognition and Recovery Performance Parameters 



7.1.3.  Dynamic maneuvering.  Steep turns, vertical S-C and vertical S-D.
	MANEUVER
	EVENT
	RATING

	Vertical S-B
	Climb: 

1000 feet

1000 fpm

30( bank;  

                 then

Descend:

1000 feet

1000 fpm

30( bank same direction

- Recover to original

  altitude and airspeed
	Airspeed +/- 10 KIAS

Bank +/- 5(
VVI +/- 200 fpm (once 

	Vertical S-D


	Climb: 

1000 feet

1000 fpm

45( bank;  

                 then

Descend:

1000 feet

1000 fpm

45( bank opposite direction

- Recover to original

  altitude and airspeed
	     established)

Altitude +/- 100 feet


Figure 3.  Dynamic Maneuvering Performance Parameters



7.1.4.  Mission specific.  As determined by MAJCOM to execute mission profiles utilizing the proposed display as a PFR (i.e. air-to-air, air-to-ground, airdrop, low-level navigation, and NVG missions).


7.2.  Additional considerations.  



7.2.1  Only use the single-medium display being considered for endorsement during the established profiles.



7.2.2  Total IMC profiles, day and night; 10-knot crosswind maximum.



7.2.3  In flight tests are preferred, but realistic ground-based flight simulators are also acceptable.



7.2.4  Select profile based upon aircraft type (transport/fighter).  Include maneuvers for

MAJCOM specific requirements.  Example: Fighter/bomber fly the HI-TACAN 3 or ILS/DME

RWY 21L at Nellis AFB; Transport/Tanker fly the ILS 2 RWY 24 at McGuire AFB.



7.2.5  Use a cross-section of pilots.  Total of 8 pilots minimum; 2 pilots not from the aircraft type being evaluated, minimum of 2 basic pilots, maximum of 4 evaluator pilots, maximum of 2 instructor pilots.  Contractor, industry, FSDG, AFFTC, AFOTEC pilots are acceptable.  



7.2.6  Immediately follow evaluation flight with a comprehensive questionnaire to record pilot’s evaluations of the displays.

8.  ENDORSEMENT PROCESS.  The endorsement process for single medium flight instrument displays consists of several major events, as depicted in Figure 1.  This process is the baseline for endorsement, however, it can be tailored to meet unique individual display requirements.


[image: image2.wmf]
Figure 4.  Endorsement Process


8.1.  User Request.  A user (i.e., SPO or MAJCOM) initiates the endorsement process for endorsement of a specific aircraft’s single medium display as a primary flight reference.  There are two major components to the user request: a formal request and the display information package.

8.1.1.  Formal Request.  The formal request is a memorandum to the Joint Cockpit Office

(AFRL/HEM) requesting HQ USAF/XOO endorsement of the proposed display as a PFR.  An  information copy of this request is sent to HQ AFFSA/CC.

8.1.1.1  This formal request can simply be a letter requesting HQ USAF/XOO

endorsement.  Its purpose is to announce the user’s intentions and request assistance for gaining endorsement.  Since HQ/AFFSA is headed by an O-6, the originator should be of equal or higher rank.

8.1.1.2 The JCO will forward the request to HQ AFFSA within 14 workdays.
8.1.2.  Display Information Package (figure 5).  The formal request should be followed by an
 information package that provides sufficient supporting material to justify the SPO/MAJCOM request.
8.1.2.1  PFR displays should be tested for ability to perform unusual attitude recovery,
flight maneuvers (e.g. takeoff/departure, navigation, instrument approaches and landing), dynamic maneuvering and others segments as determined by the MAJCOM (e.g. low level airdrop).  Data on both objective measures of performance and subjective pilot ratings should be provided.  Part task and full mission simulations should be completed prior to verification by flight test.

8.1.2.2  This package should include, at a minimum, the information identified in 

Figure 2.

8.2.  Joint Cockpit Office.  Upon receipt of the user’s request, the JCO will forward the request to the Flight Symbology Development Group (FSDG) for assessment.

8.2.1  The FSDG Review Group, chaired by the JCO, will identify an appropriate technical 
team to assess the User’s Request.  The technical team will be selected from FSDG members that includes representatives from the Air Force Research Laboratory/Human Effectiveness Directorate (AFRL/HE) (note: preferably a representative from the Spatial Disorientation Countermeasures Team), Air Force Flight Standards Agency (AFFSA), Flight Systems Engineering Division (ASC/ENFC), MAJCOMs, Flight Test Center, and others as required by the FSDG.

8.2.1.1  The JCO will establish and monitor the most appropriate timeline to meet the users 
request in a timely fashion.



Figure 5.  Display Information Package Contents
8.3.  FSDG Technical Team.  The designated FSDG Technical Team will use the Display Information Package to begin their assessment of the proposed display with respect to the applicable criteria.

8.3.1  Several criteria are used by the FSDG to include MIL-STD 1787, AFI 11-202, Volume 3, and AFM 11-217.  See this document for supplemental information.

8.3.2  The primary flight instrumentation must always be present and provide full-time attitude, altitude, and airspeed information; an immediately discernible attitude recognition capability; an unusual attitude recovery capability; and complete fault indications.

8.3.3  The design should not violate any major instrument conventions.  Examples: 

tape/dial direction, pitch ladder, basic “T”.
8.3.4  The design must minimize the chance of spatial disorientation (e.g. reversal errors, 

increased workload, less precision during selected maneuvers). 

8.3.5  The design must meet or exceed current cockpit capabilities (if applicable).

8.3.6  The design must meet or exceed the performance parameters established in this 

document.  Test data must be included in the submittal package.

8.3.7  FSDG reserves the right to request flight testing to the satisfaction of FSDG members to supplement or re-certify the submitted evaluation of the performance parameters versus the proposed display.  In any case, the FSDG will need as a minimum one visit to see a mock up or simulation of the actual cockpit presentation. 

8.4.  Fix.  If HUD/HDD/HMD does not meet the criteria, then the FSDG explains the differences to the SPO.  The SPO then re-assesses and, in coordination with the user MAJCOM, determines the fix by further flight test/simulation or changes to operational use of cockpit displays.  This is a continuing process until the display meets the criteria.

8.5.  Recommendation.  Upon satisfactory completion of the evaluation and any required fixes, the FSDG Technical Team will submit a preliminary endorsement recommendation to the FSDG Review Group for final approval.  After their review, the FSDG Review Group has the responsibility to submit the FSDG recommendation to the AFFSA for staffing. 

8.6.  Staffing.  When AFFSA receives the FSDG endorsement indicating that the proposed display meets the criteria, AFFSA staffs and forwards the endorsement recommendation through the Air Staff to the AF/XOO for final approval.  Staffing should be completed within 30 workdays.


8.6.1  The approval package must include the SPO/MAJCOM request for endorsement, the submitted endorsement package, and approval letters from the FSDG member’s offices.

8.6.2 The approval package will be sent to respective MAJCOM offices that control the

ongoing display upgrade/design project for their concurrence of the final wording prior to final approval.  Air Staff program managers will also be included in coordination.

8.7.  Endorsement.  HQ USAF/XOO endorses the display via letter.

8.8.  Finalization.  AFFSA notifies the SPO/MAJCOM of endorsement and sends copies of AF/XOO approval.

9. AFI 11-202, Volume 3 Excerpts.  The following are excerpts from AFI 11-202, Volume 3that include criteria that the FSDG will use to evaluate HUD/HDD/HMD.  This list is not intended to be all-inclusive, but merely provide a quick look at the evaluation criteria.  Full compliance with AFI 11-202, Volume 3 is mandatory.

2.6. Equipment Required for Flight. 

2.6.1. Flight Instrumentation. Primary flight instrumentation must provide full-time

display of attitude, altitude, and airspeed information and the capability to recognize, confirm, and recover from unusual attitudes. Information must be positioned and arranged in a manner that enables an effective pilot crosscheck. The following flight instrumentation must always be displayed in USAF cockpits, and illuminated during night operations. Standby or emergency instruments do not fulfill this requirement. 

· Climb/Dive Angle (or pitch and vertical velocity). 

· Bank Angle. 

· Barometric Altitude. 

· Indicated or Calibrated Airspeed. 

· Prominent Horizon Reference. 

· Complete Fault Indications (Off flags). 

2.6.1.1. Electronic Flight Displays. Many modern instrument displays allow the pilot to

optimize cockpit instrumentation for a particular mission by decluttering, removing or relocating presentations. In some cases, a pilot can omit elements necessary for basic attitude awareness and aircraft control. Regardless of the type aircraft, mission, or mission phase, attitude awareness and paragraph 2.6.1 instrumentation are a full-time Air Force mission requirement. 

(2.6.1.2. Single Medium Displays. A single medium display is a Head-Up (HUD),

Head-Down Display (HDD), or Helmet-Mounted Display (HMD) presenting flight instrumentation on a single display such as a HUD combiner, a "glass" multi-function display, or a helmet visor. Some single medium displays, including many HUDs, do not provide sufficient attitude cues to enable a pilot to maintain full-time attitude awareness or recover from some unusual attitudes. In addition to meeting the instrumentation requirements of paragraph 2.6.1., single medium displays must also receive HQ USAF/XOO endorsement as a Primary Flight Reference (PFR) before they are used as the stand-alone reference for instrument flight. 

2.6.1.2.1 Flight Instrumentation Evaluation and Endorsement.  HQ USAF/XOO is the final approval authority for determining which single medium displays meet PFR requirements.  MAJCOMs forward endorsement requests for single medium displays through the Joint Cockpit Office (AFRL/HEM), WPAFB OH, and HQ AFFSA/XOP to HQ USAF/XOO.  HQ AFFSA must also evaluate any change to cockpit instrumentation that provides a portion of or all the elements of paragraph 2.6.1. to ensure proposed designs adequately meet USAF flying requirements for worldwide operations.  Cockpit Working Groups will be implemented IAW AFI 63-112.
10.  AFMAN 11-217 Volume 1 EXCERPTS.  The following are excerpts from AFMAN 11-217 that include criteria that the FSDG will use to evaluate HUD/HDD/HMD.  This list is not intended to be all-inclusive, but merely provide a quick look at the evaluation criteria.

1.3.  Use of Single Medium Displays.  A single medium display is a Head-Up display (HUD), Head-Down Display (HDD), or Helmet-Mounted Display (HMD) presenting flight instrumentation.  Some single medium displays, including many HUDs, do not provide sufficient attitude cues to enable a pilot to maintain full-time attitude awareness or recover from some unusual attitudes.  In addition to meeting the instrumentation requirements of AFI 11-202, Vol 3, single medium displays must also receive HQ USAF/XOO endorsement as a Primary Flight Reference (PRF) before they are used as the stand-alone reference for instrument flight.
1.4.  Display of Flight Instrumentation.  Electronic displays allow the pilot to optimize cockpit instrumentation for a particular mission by decluttering, removing, or relocating presentations.  Display options vary widely from aircraft to aircraft and incorporate different symbologies and terminology for similar functions.  In some cases the pilot may be able to configure the cockpit to omit elements necessary for basic attitude awareness and aircraft control.  Regardless of the type of aircraft, mission, or mission phase, attitude awareness is a full-time Air Force mission requirement.  Persons charged with cockpit instrumentation design, layout, and capability; pilots or other crewmembers who can modify the cockpit display configuration; and implementing directives (for example, Dash 1's, T.O.'s, AFI 36-series manuals and handbooks, etc.) must adhere to the following:

1.4.1.  Primary Flight Instrumentation.  Primary flight instrumentation must always be present.  It must provide full-time attitude, altitude, and airspeed information; an immediately discernible attitude recognition capability; an unusual attitude recovery capability; and complete fault indications.
1.4.2.  Position of Flight Instrumentation.  The elements of information of Primary Flight Instrumentation must be positioned and arranged in a manner that enables the pilot to perform a natural cross-check.
1.4.3.  Standardization of Flight Instrumentation.  Primary Flight Instrumentation must be standardized in terminology, symbology, mechanization, and arrangement.  Standardization of instrumentation display elements provides a common training base and allows the retention of good flying habits during transition to different aircraft.  This standardization can only be effective when the pilot acknowledges attitude awareness as a full-time requirement and manages the cockpit accordingly.




















11.  MIL-STD 1787 EXCERPTS.  The following are excerpts from MIL-STD 1787 that include criteria that the FSDG will use to evaluate HUD/HDD/HMD.  This list is not intended to be all-inclusive, but merely provide a quick look at the evaluation criteria.

3.1.2  Head–up display (HUD)

The HUD projects collimated symbolic information into the aircrew member’s forward field–of–view (FOV).  The technique results in the combination of flight control and weapon delivery information with external visual cues from the scene normally viewed through the windscreen.  Specific symbols and formats can be selectable for a given mode of operation.  HUD display information must be compatible with head–down display information.  Take–off, landing, navigation, terrain following/avoidance, air–to–air and air–to–ground weapon delivery modes may be provided.  Video formats, such as TV, FLIR, or electronically created video may also be displayed on some HUDs, along with symbology.
3.1.3  Helmet–mounted display (HMD)

The HMD projects video imagery, symbolic and/or alphanumeric information on a display medium (e.g., combining glass or visor) into one or both eyes of the aircrew member.  In most applications the display medium is attached to a flight helmet which is part of a head tracking system.  The line of sight of the helmet is determined by the head tracking system and a designated sensor is slewed in a one–to–one angular correspondence with this line of sight.  The display medium then displays the image from the designated sensor: television (TV), forward looking infrared (FLIR), or electronically created video.  Some HMDs also use a helmet-mounted sensor (such as an image intensifier) to provide enhanced vision without the use of a head tracker and a separate sensor.



3.2.7.  Primary Flight Data.  Instrument flight information required to support the
 execution of specific instrument flight maneuvers (See Table 1, page 24, MIL-STD 1787).  
The basic intent of Primary Flight Data is two-fold:

1.  Provide the pilot or cockpit crewmember with the most accurate, intuitive, and 

complete set of flight instrument symbology necessary and sufficient to accomplish any portion of the mission.

2.  Minimize the amount of eye movement necessary to integrate all the required flight

instrument information for the safe accomplishment of the mission.

3.2.8.  Primary Flight Instrument.  A primary flight reference is any display or

instrument that serves as the pilot’s primary reference for some instrument flight information.  A centrally located attitude directional indicator (ADI) can be considered a primary flight instrument because it is the pilot’s primary reference for pitch, bank, and command steering information.

3.2.9.  Primary Flight Reference (PFR).  A primary flight reference is any display or suite of displays or instruments that provide all required information for flight and complies with the requirements of this standard for information content and presentation.

3.2.12.  Single Medium Primary Flight Reference.  A single medium PFR is a single display (i.e., MFD, HUD, HMD, etc) that complies with all the requirements of a primary flight reference.  The term single–medium should never be confused with the term single/sole source.  The word source refers to the subsystem or sensor at which the flight instrument information originates.  Therefore, a single/sole source display implies that the information presented on the display is generated from a single source.

4. REQUIREMENTS

4.1 Flight Symbology

Flight symbology shall present the information needed for all flight maneuvers to include takeoff, navigation and landing as required herein.  The following requirements reflect best-practices design guidance for basic flight instrument displays.  For the Air Force, basic flight instrument principles are described in AFMAN 11-217, V1, paragraph 1.4.  The requirements herein are a result of extensive simulation and successful application in multiple aircraft types.  The performance achieved with these symbols should be used as minimum performance and a point of departure.  Deviation from the symbology described herein is allowable if performance is equivalent or better, significant gains in situation awareness or pilot workload reduction can be demonstrated, and the impact of different symbology on pilot training is not serious.

4.1.1 Primary flight reference (PFR)

All crew stations from which a pilot is to control a fixed wing air vehicle shall have at least one complete set of PFR data.  All PFR displays shall provide full-time presentation of critical flight data, to include climb/dive angle (or pitch and vertical velocity), bank, altitude, airspeed, a prominent horizon reference, and any other parameter that is essential to safe flight in a particular aircraft.

4.1.1.1 Attitude Awareness/Recognition

All PFR displays shall provide an immediately discernable attitude recognition capability that fosters a safe and effective unusual attitude recovery capability.  The PFR display shall provide sufficient cues to enable the pilot to maintain full-time attitude awareness and minimize potential for spatial disorientation.  The display shall support the initiation of recovery from unusual attitudes within 1 second with a minimum correct response rate of 95%.

4.1.1.2 Fault Indications

All PFRs shall provide for the positive presentation of unambiguous and complete fault indications.

4.1.2 Primary Flight Information

The PFR in Fixed Wing aircraft shall provide sufficient information to effectively execute required  maneuvers identified in Table I.
	Required Information
	
	
	
	
	
	Maneuver
	
	
	
	

	
	Instrument Take off
	Climb
	Cruise
	Fix-to-Fix
	Hold
	Penet-ration
	Arc
	Non-Precision
Approach
	Precis-ion app-roach
	Flt Dir App-roach
	Cat II/III
Appr-oach

	Precise Pitch Angle
	X
	
	
	
	
	
	
	
	
	
	

	Climb/Dive Angle1,2
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Precise Bank Angle
	X
	X
	R
	R
	R
	R
	X
	X
	X
	X
	X

	Approximate Bank
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Barometric Altitude
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Airspeed
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Heading
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Horizontal Flight Path3
	X
	
	
	
	
	
	
	X
	X
	X
	X

	Bearing
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S
	S

	Distance
	S
	S
	S
	S
	S
	S
	S
	S
	X
	X
	X

	Lateral Deviation
	
	X
	X
	
	X
	X
	
	X
	X
	X
	X

	Vertical Deviation
	
	
	
	
	
	M/G
	
	
	X5
	X
	X

	Flight Director
	
	
	
	
	
	
	
	
	
	X
	X

	Timing
	
	
	
	
	S
	S
	S
	S
	S
	S
	X

	Absolute Altitude6
	
	
	
	
	
	
	
	
	
	
	X

	Angle-of-Attack4
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Yaw4
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Longitudinal Acceleration
	R
	R
	R
	R
	R
	R
	R
	X
	X
	X
	X

	Speed/AOA Deviation
	R
	R
	R
	R
	R
	R
	R
	X
	X
	X
	X

	Vertical velocity
	X
	X
	
	
	
	X
	
	X
	X
	X
	X


Legend:

X = Always required for this maneuver

M/G = Required only for MLS or GPS curved path procedure

S = Required only if this data is not in view elsewhere in the cockpit (single medium PFR)

R = Strongly recommended for this maneuver

Notes:

1.
Replaced by pitch and vertical velocity when the climb/dive marker is invalid or unavailable

2.
Vertical velocity is added to the display when the aircraft is in a high AOA, CDM limited condition.

3.
Required only on displays which are designed to conform to an outside visual scene or display (e.g., HUD, FLIR or Radar imagery overlays).

4.
Required only for aircraft which utilize this data due to aircraft limitations, such as asymmetric drag/thrust.

5.
Not required for PAR approaches6.
Absolute altitude generally refers to Above Ground Level (at current location) but altitude relative to a reference (such as the end of the runway) may be used.

4.1.3 Standby or Backup Instruments

At least one set of critical flight data shall remain available to the pilot(s), without additional crewmember action, following any single failure or probable combination of failures, unless it can be shown that probability of loss or corruption of the primary displayed data is extremely remote. 

In fighter, attack and trainer aircraft, in normal operations, two independent sources of attitude information shall be displayed to the pilot on two separate attitude displays at all times.  A dedicated standby attitude indicator can be one of the attitude displays, although it need not necessarily meet the requirements of a Primary Flight Reference (PFR).  If a single failure can cause loss of more than two PFR items (e.g., when all PFR data is on a single display), full-time backup display of primary flight information other than attitude shall also be provided.

Heavy aircraft shall meet the standby flight instrument requirements established for civil air carriers (Reference FAR 121.305(j)(k)).

4.1.4 Supplemental flight data

Supplemental flight data is not required in the PFR but shall be in the viewing area of the pilot flying the aircraft.  For fixed winged aircraft this includes: power indication, altimeter setting (when monitoring barometric altitude), selected course, and mission timing (e.g., time to waypoint, elapsed time, estimated time of arrival, etc.).

4.1.5 Non-PFR data

Additional information included on PFR display(s) shall not interfere with maintaining attitude awareness, recovering from an unusual attitude, or the interpretation of any primary flight information.
































12.1.  MIL-HDBK-87213 EXCERPTS.  Section 3.1.1 of MIL-HDBK-87213 is reproduced below.  It provides typical criteria that the FSDG will use to evaluate HUD/HDD/HMD.  Other criteria in MIL-HDBK-87213 deal with legibility of displays in the full range of aircraft cockpit environments and must also be applied.

3.1.1  Primary Flight Displays (PFD).  Primary flight display presentations (as defined in MIL-STD-1787) shall be provided ____1____.  Integrity of data presented shall be such that ___2___. Primary flight data shall be clearly legible in all ambient lighting environments, including full sunshine as defined in section 3.2 of this handbook.

REQUIREMENT RATIONALE (3.1.1)

The continuous availability and integrity requirements that apply to primary flight data are significant drivers on the avionic hardware, software and architecture design.  They must be made clear at a high level and flowed down into lower tier documents.

REQUIREMENT GUIDANCE (3.1.1)

MIL-STD-1787 defines the information (such as attitude, airspeed, altitude, roll, etc) which must be available in a PFD and defines the standard symbols that should be used.  Blank 1) must describe the major characteristics of the PFD, e.g., ”head-up, head down, continuously, in both cockpits.”  Blank 2) establishes the capability of the system in the presence of failures, typically ”no loss of function with a single point failure”.  It should also deal with the probability of presenting bad data, with a requirement such as ”the probability of presenting Hazardously Misleading Information (HMI) shall be less than once per 10x flight hours.”  The data integrity requirements have not been consistently applied, but are important.  They should prevent things like the ”dark cockpit” which has occurred when all the cockpit displays shut down simultaneously on a certain prototype aircraft (which we will not mention here), resulting in intense design correction efforts to make sure it never happens again.

The traditional approach to guaranteeing that the pilot has valid data available was to provide a separate, independent set of standby instruments, so the pilot always had more than one source for essential information and could therefore usually determine if an instrument was malfunctioning.  In an all-electronic cockpit, the “standby” instruments consist of a Flight Display format on another electronic display.  The data and power sources for this display must be either completely independent of the primary or be designed with redundancy and integrity that can meet the extreme probabilities associated with HMI.

It should be possible to complete a mission with a single-point failure.  This is often possible with a reasonably small amount of redundant hardware and wiring if a degraded mode of operation is allowed.  This may require workarounds, such as sharing a display, which increases workload.  For flight critical information, a separate, independent system is generally required.  For example, in the Combat Talon II display system at least two of the four CRT displays will continue to work and will be capable of displaying any sensor in the event of a single point failure.  Many existing aircraft also have backup instruments, which will provide adequate data for instrument flight even if the main computers and displays fail.  In some new aircraft, which have sufficient redundancy in sensors and power sources to insure that certain displays will continue to operate even with a catastrophic failure of the avionics system, the standby instruments are on an integrated electronic display.

Hazardously Misleading Information is defined as conditions that can result in the display of misleading or false information to the pilot and, as a result, lead to hazardous conditions.  These situations should be detected and annunciated if/when they cannot be completely prevented.

HMI situations are generally considered CATASTROPHIC failures since they can result in death and/or loss of the aircraft.  A large aircraft or one carrying passengers might require the probability of such an event occurring to have a mathematical probability of 1 x 10-9, or less, per hour of exposure, while small aircraft (including fighter aircraft) might require 1 x 10-7.

The functions considered Safety Critical include, as a minimum, undetected and unannunciated display of hazardously misleading information for the following:



- Altitude indication (includes vertical velocity indication)



- Attitude indication (includes flight path marker, climb dive marker)



- airspeed indication



- Heading indication



- Engine monitor and display



- Fuel quantity indicator

REQUIREMENT LESSONS LEARNED (3.1.1)

Analysis of HMI was carried out in detail on the C-17 with a requirement that the probability of presenting HMI be less than 10-10 per flight hour.  Their criteria were based somewhat on what the FAA does for airliners.  Such strict criteria would not normally be applied to a fighter plane - (if so, we would also need a back-up pilot on board).  This requirement had a major impact on the design of hardware and software.  For example, the HUD has a second independent processor running completely different software to check results from the main processor to verify that no processing mistakes were made.

The concept of HMI is valuable - it helps us search out and eliminate as many failure modes as possible that have the potential of misinforming or confusing the pilot.

The need for a fail-operational or at least fail-safe design has always been recognized for primary flight displays.  Fortunately, current improvements in electronic technology are making this easier to achieve.

Redundant or backup modes must be tested periodically; otherwise they may not work when needed.

4.1.1  Verification of Primary Flight Displays.

(a).  Location and availability of PFDs shall be evaluated by inspection. 
(b).  Data integrity shall be verified by test and analysis.

VERIFICATION RATIONALE (4.1.1)

PFDs are critical to the safety of flight and must be verified.  Verification methods will depend on the level of redundancy required and the criticality of the fail-operational performance.  In some systems, simply disconnecting certain units or signals will be adequate to demonstrate the effects of failure.  In a more complex or critical system, a failure mode effects analysis coupled with a thorough demonstration with a large number of simulated failures will be needed.

VERIFICATION GUIDANCE (4.1.1)

Redundancy requirements and verification  may be integrated with a safety analysis, where the probability of a failure that results in a hazardous event is assessed and controlled.  FAA FAR part 25, Section 25.1309 and AC No. 25.1309-1A provide guidance on probabilities of failure that should be achieved for functions which have minor, major, or catastrophic consequences.  MIL-STD-1787 contains additional data on the design of PFDs.

VERIFICATION LESSONS LEARNED (4.1.1)

Tests and analysis to verify the data integrity requirements are somewhat subjective.  For example, it might be assumed that most mistakes (99/100ths??) made by a digital processor will result in displayed data that is either wrong for only one display cycle and therefore disappears before the pilot sees it, or is sufficiently illogical that the pilot will not try to use it.  This factor attributed to pilot interpretation can make the difference between a reasonable requirement and an impossible requirement.

USER REQUEST


DISPLAY INFORMATION PACKAGE





TABLE OF CONTENTS


INTRODUCTION:  Describe the aircraft, its mission, and the intended use of the proposed displays.


DISPLAY SUITE:  Describe the PFRs (including standby instruments) in detail:  including, but limited to, display size, viewable area, FOV, TFOV, colors, NVG compatibility, location in cockpit, and what modes of the display that will be a PFR.  Include a cockpit display suite picture to visually show the layout.  


INDIVIDUAL DISPLAY DESCRIPTIONS:  Discuss and show (color pictures requested if color is used) individual displays to include hardware, mechanization, modes and features (including diagrams), declutter options, information source, redundancy, fault detection/reporting system, symbology, human factors research/lessons learned on final presentations, anomalies, and testing/simulation that has occurred.  


PERFORMANCE PARAMETER EVALUATION:  Compare proposed display symbology with MIL-STD 1787B, Aircraft Display Symbology, or other proven and established symbology conventions currently in use by the Air Force.  Explain rationale and the “equivalent level of safety” when symbology/mechanization differs.  (Intent is to use established symbology conventions as the baseline of effective symbology presentations).  Ensure symbology presentation can meet or exceed current cockpit configuration (if upgrading) and meet the established performance parameters established in this document.  Include flight test/ simulator test data that proves display effectiveness.  


LEGIBILITY AND RELIABILITY OF DATA:  The package must document how the primary flight display provides legible symbology in all mission environments, how it supports safe flight in the presence of failures and how it is determined that a sufficiently low probability of presenting Hazardously Misleading Information (HMI) is achieved.  Criteria from MIL-HDBK-87213 and AC-25-11 are generally applicable.
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