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1. SCOPE:

The scope of this document is limited to descriptions of the display characteristics of the Flight
Dynamics, Inc. (FDI) Model 1000WS Head up Guidance System (HGS) as installed on the Boeing 727
airplane and certified by the Federal Aviation Administration for use in Category lll landing operations.
The symbology depicted in this document is referenced to the particular pilot task(s) for which it was
designed. Also included are descriptions of operational features of the particular symbol along with
any associated criteria regarding symbology constraints, source data, or position error.

2. APPLICABLE DOCUMENTS:

The following publications form a part of this document to the extent specified herein. The latest issue
of SAE publications shall apply. The applicable issue of other publications shall be the issue in effect
on the date of the purchase order. In the event of conflict between the text of this document and
references cited herein, the text of this document takes precedence. Nothing in this document,
however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

2.1 FAA Publications:

Available from Federal Aviation Administration, 800 Independence Avenue, SW, Washington,
DC 20591.

Federal Aviation Administration Advisory Circular 120-28C, “Criteria for Approval of Category I
Landing Weather Minima”

3. OBJECTIVES:
This is primarily a historical document. It was developed with the objective of preserving the identity of

the criteria applied to the civil certification as well as the description and characteristics of the
symbology used in the FDI Model 1000WS HGS.

PREPARED BY SAE SUBCOMMITTEE G-10H, HEAD-UP DISPLAY
OF COMMITTEE G-10, AEROSPACE BEHAVIORAL ENGINEERING TECHNOLOGY (ABET)

STABILIZED BY SAE COMMITTEE G-10, AEROSPACE BEHAVIORAL ENGINEERING TECHNOLOGY (ABET)
STEERING GROUP
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symsoL PHASE OF FLIGHT
BORESIGHT ALL PHASES
PILOT TASK SYMBOL FAMILY TASK

Determine relation of related symbology to position of boresight
symbol. This is a major portion of information used to maintain
awareness of absolute attitude.

REQUIRED PILOT PERFORMANCE

Historical training concepts have pilot rotating aircraft to abso-
lute boresight attitudes for takeoff and go-around maneuvers.

This symbol represents direction aircraft is pointing. Symbol
position may be critical if other performance related symbology
is present (e.g., flight path). The symbol is aiso used as center
indication for HSI CDI mimic. However, the necessity for the
symbol in all implementations is controversial.

CONSTRAINTS

Positioning constraints in that boresight should not interfere
with other dynamic symbol elements. Since the Boresight
symbol is used in conjunction with Pitch Ladder to represent
actual aircraft attitude, the flight path group can wander up into
and interfere with Boresight at low angles of attack. Past
attempts to mask Boresight and overwrite with Flight Path have
had objectionable results.

ELEMENT TASK

A static element useful for guaging variations in other dynamic
symbol elements.

SOURCE DATA

None: fixed symbology. Generally taken to be fuselage
pointing direction.

SYMBOLOGY IMPLEMENTATION(S)

in modes where pilot task is to attain absolute pitch attitude,
Boresight symbol has taken on an enhanced shape upon
detection of that mode. One example of this enhancement is
an extension of the width of the symbol as follows:

POSITION OR POSITION ERROR

Position of boresight is believed fo be non-critical, but it should
be absolutely static. Boresight should roughly correspond with
head down pitch attitude reference; three degrees difference
has been found to be acceptabis in the past, but judged to be
about the maximum deviation allowable.

SYMBOLOGY

OPERATIONAL FEATURES

The Boresight symbol (sometimes referred to as the Aircraft
Refarence symbol) represents the boresight of the aircraft in
pitch, roll and heading. It is similar in operation to the aircraft
symbol on a conventional AD! except that it is also conformal
with the outside worid. For instance, if the Boresight symbol
is aligned with the Horizon symbol, aircraft attitude is level (zero
pitch).

FIGURE 1 - Boresight
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SYMBOL PHASE OF FLIGHT
PITCH LADDER CLIMB, GO-AROUND
PILOT TASK SYMBOL FAMILY TASK

Always have a sense of context of aircraft attitude in relation to
the outside world.

REQUIRED PILOT PERFORMANCE

Somewhat airplane dependent. Most demanding case would
require pilot to be able to determins at quick glance absolute
attitude within 1 degree.

CONSTRAINTS

Scaling should be commensurate with pilot performance; 2.5
degres minor marks, 10 degree major marks, with scale
markings. Ladder should not interfere with other dynamic
symbology.

Aids pilot in awareness of absolute attitude, in conjunction with
horizon line.

ELEMENT TASK

Provides scale marks to judge pitch attitude of aircraft, angle of
flight path in reiation to horizontal.

SOURCE DATA

Same as horizon line.

SYMBOLOGY IMPLEMENTATION(S)

Implementations includes ladders that are fixed in left/right
sense as well as ladders that are tied to aircraft heading.

Some implemtations have used minor marks approximately 0.5
degrees wide and major marks approaimately 1 degree wide.

POSITION OR POSITION ERROR
Same as horizon line.

SYMBOLOGY

OPERATIONAL FEATURES

The Pitch Ladder (sometimes referred to as Pitch Scals)
consists of a set of horizontal pitch lines which appear in
increments of 5 degrees above and below the Horizon Line
Likethe Boresight and the Horizon Line symbols (exceptwhen
vertical display compression is in effect) it is in scale with the
outside world as viewed through the display. A setof pitchiines
is positioned laterally every 15 degrees on the dispiay.

FIGURE 2 - Pitch Ladder
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SYMBOL PHASE OF FLIGHT
FLIGHT PATH LEVEL FLIGHT, DESCENT, APPROACH & TOGA
PILOT TASK SYMBOL FAMILY TASK

Maintain awarenass of aircraft velocity vector. Symbol may be
used for altitude hold in conjunction with horizon line, angle
tracking for approach, and as part of command guidance
symbol set.

REQUIRED PILOT PERFORMANCE

About horizon line, sufficient accuracy to maintain zero rate of
climb with low workload. With other flight guidance symbology,
ease of placement of flight path symbol to obtain desired
attitude with low workload. When used with Flight Director
symbol, pilot should not show any tendency to reverse com-
manded control directions.

Represent velocity vector, conformal to outside world. Central
element of “flight path group,” comprised of flight path symbol,
speed/acceleration symbology, altitude and flight director sym-
bol. This group moves dynamically as fiight path varies, but
elements within the group maintain same relative position to
each other (except for Guidance Cue).

CONSTRAINTS

Previous "air mass" types have been deemed inferior to those
obtaining true conformality of velocity vector by incorporating
inertial speeds. The implication is that conformality is very
important for both pitch and lateral axes for HUD use in terminal
area operations. Dynamic correction for c.g. of sensors is
important, as flight path will be used as an aircraft control
paramster. Update rate must be consistent with possible
symbol motion, on the order of 10 Hz.

ELEMENT TASK

Represent velocity vector, conformal to outside world.

SOURCE DATA

Normally positioned by groundspeed divided by vertical speed,
related to horizon line (pitch) and boresight (lateral) axes. “Air
mass" flight path positioned without knowledge of inertial
speeds, only alpha and beta (wind effects ignored). Dynamic
correction using g for c.g. placement of sensors.

SYMBOLOGY IMPLEMENTATION(S)

This symbol has been implemented with angled legs referenced
to thirty degrees and a horizontal leg segment which is refer-
enced for selated speed error scale and flight path acceleration.

POSITION OR POSITION ERROR

Conformality: Pitch, +/- 1/4 degree; Lateral, +/- 1 degree
Relation to other symbols:

Horizon: +/- 1/10 degree

Guidance Symbols: +/- 1/10 degree

Boresight {0 wind, 0 beta): +/- 1/10 degree
Lateral (heading) efrors greater than 1/2 degree are notice-
able and objectionable when visually pointing at a runway
more than 1 mile away.

SYMBOLOGY

OPERATIONAL FEATURES

Flight path symbolizes a new and unique typse of flight informa-
tion made available by electronic dispiays. Instead of replicating
a single type of head-down instrument, the Fiight Path symbol
actually represents the sum total of ali the conventional flight
instruments. With actual flight path represented by the center
of the Flight Path symbol 's circle, this symbol provides an
instantaneous and continually updated indication of where the
aircraft is going through space, as opposed 1o the conventional
aircraft reference symbol which only gives pitch information.
Becauss flight path is derived from inertiai sensors, the pilot can
maneuver the aircraft and "fly” the symbol to keep the flight path
aimed at a desired point ahead.

FIGURE 3 - Flight Path
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SYMBOL PHASE OF FLIGHT
SPEED ERROR ALL FLIGHT PHASES
PILOT TASK SYMBOL FAMILY TASK

Maintain sense of deviation from selected/desired speed.

REQUIRED PILOT PERFORMANCE

Humans are sensitive to indications about the zero index;
therefore, placement in reference to zero is very important.
Scaling and linearity are less important.

In conjunction with other speed and flight path related symbol-
ogy, give pilot information to recognize aircraft control inputs
required (direction and proportional amount) to achieve desired
attitude/energy state.

CONSTRAINTS

Excessive speed error has not been constrained on the display;

ELEMENT TASK

Analog representation of deviation of selected speed.

pilot opinion suggests that normal modes with excessive speed
error present (takeoff) are objectionable and maximum length
constraints should be implemented. Speed select facility
should be same as the one used for autopilot/flight director
speed selection. Speed select should be accessible to the pilot
without substantial movement of the eyes out of the HUD
eyebox.

SOURCE DATA

Alr data, selected speed control, or VNAV performance speed
computation.

SYMBOLOGY IMPLEMENTATION(S)

Vertical bar of variable length representing speed error. Scaled
about 1 degree per 10 knots. Width approximately 1/4 degree.
Zero reference is the left horizontali leg of Flight Path symbol.
Speed Error symbol moves dynamically with flight path group.

POSITION OR POSITION ERROR

Relationship to speed zero reference: +/- 1/10 degres.
Scaling error may not be important: +/- 20%.

SYMBOLOGY

OPERATIONAL FEATURES

The Speed Error symbol (or sometimes referred to as Speed
Error Tape) displays the difference between the actual air-
speed (from the #1 air data computer) and the reference or
"bug" speed selected by the pilot. If air speed is faster than
the "bug" speed, the speed error tape rises from the left "wing*
of the Flight Path symbol. if it is slower, it falis below the Flight
Path symbol *wing.* Each one degree of Speed Error symbol
(tape) appearing represents approximately four knots of
airspeed.

FIGURE 4 - Speed Error
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