WO 2005/034368 A2 || 000000 0 000 O O A

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 April 2005 (14.04.2005)

AT O OO O R

(10) International Publication Number

WO 2005/034368 A2

(51) International Patent Classification’: H04B
(21) International Application Number:
PCT/US2004/030080

(22) International Filing Date:
15 September 2004 (15.09.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:

10/662,485 15 September 2003 (15.09.2003) US

(71) Applicant: UNIVERSAL AVIONICS SYSTEMS COR-
PORATION [US/US]; 6090-A Northbelt Parkway, Nor-
cross, Georgia (US).

(72) Inventors: NAIMER, Joachim, Laurent; Nuvola Bianca,
Mascona, CH-6612 TI (CH). HYATT, Sam; 305 River-
song Way, Alpharetta, Georgia 30022 (US). BRANNEN,

(74)

(81)

(84)

Jim; 1854 Jenna Lyn Court, Lawrenceville, Georgia 30043
(US). LAWRENCE, Tom; 405 Ocala Drive, Knoxville,
TN 37918 (US).

Agents: STANDLEY, Jeffrey, S. et al.; 495 Metro Place
South, Suite 210, Dublin, OH 43017-5319 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, HI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

[Continued on next page]

(54) Title: NON LINEAR TAPE DISPLAY

20
22
18

10

16

(57) Abstract: A graphical display of a nonlinear
scale emulating the view of a mechanical drum gauge.
The nonlinear scale may be used for the display of
aircraft flight data including airspeed, altitude, heading,
and other aircraft data suitable for presentation on
a nonlinear scale. The nonlinear scale may scroll to
display current aircraft data.



WO 2005/034368 A2 I} N0V0H0 AT 0O 00 00U AR

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, Published:

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), —  without international search report and to be republished
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, upon receipt of that report

FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 2005/034368 PCT/US2004/030080

NON LINEAR TAPE DISPLAY

Inventors: Ted Naimer, Sam Hyatt, Jim Brannen, Tom Lawrence

BACKGROUND AND SUMMARY OF THE INVENTION

[0001] Situational awareness refers to the degree of accuracy by which one's
perception of his current environment mirrors reality. With regard to the operation of an
aircraft, situational awareness relates to a pilot's perception of what is happening to the
aircraft within the four dimensions of space and time. Situational awareness also
relates to the pilot's comprehension of a present situation and a projection of the status
of the aircraft into the near future.

[0002] During the operation of an aircraft, multiple operational parameters and
systems must be monitored simultaneously, including the airspeed, attitude, engines,
fuel management, navigation indicators, and weather radar. Many of these operational
parameters and systems on the aircraft must be supervised by a pilot reacting to subtle
changes in the alignment of needles on gauges or of pictorial displays on screens.

[0003] The present application claims new displays or presentations of aircraft
data. The displays of the present invention employ commercially available systems that
may be used without modification to supply the necessary signals to operate the
displays of the present invention.

[0004] The present invention relates to improved displays of aircraft operation
data that increase the situational awareness of a pilot and flight crew. More particularly,
the displays of the present invention include an electronic display of a nonlinear scale

emulating the view of a mechanical drum gauge. The nonlinear scale may be used for
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the display of aircraft flight data including airspeed, altitude, heading, and other aircraft
data suitable for presentation on a nonlinear scale. The nonlinear scale may scroll to
display current aircraft data. The nonlinear scale may center current aircraft data over a
specific range of the scale. The nonlinear scale may display any typical unit related to
the operation of an aircraft such as knots, meters, feet, miles, numbers, compass
headings, and directional indicators. The nonlinear scale may be switchable between
convertible units of measure such as feet and meters. The display of the present
invention may include a window to show current aircraft data. The display of the current
aircraft data may be enlarged, shown in a contrasting color, or shown on a specific
background. The display of the present invention may include a pointer. The display of
the present invention may have fixed upper or lower limits. The display of the present
invention may have configurable upper or lower limits.

- [0005] In addition to the features mentioned above, objects and advantages of
the present invention will be readily apparent upon a reading of the following

description.

~ BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Novel features and advantages of the present invention, in addition to
those mentioned above, will become apparent to those skilled in the art from a reading
of the following detailed description in conjunction with the accompanying drawings
wherein similar reference characters refer to similar parts and in which:

[0007] Figure 1 illustrates an example embodiment of the airspeed display of the

present invention;
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[0008] Figure 2 illustrates an example embodiment of the altitude display of the
present invention; and
[0009] Figure 3 illustrates an example embodiment of the heading display of the

present invention.

DETAILED DESCRIPTION OF THE EXAMPLE PREFERRED EMBODIMENTS

[0010] The example embodiments herein described are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. They are chosen and
described to explain the principles of the invention and the apblication of the method to
practical uses so that others skilled in the art may practice the invention.

[0011] The Primary Flight Display (PFD) utilized in the example embodiments of
the present invention is a dynamic, color display of all of the parameters necessary for
flight path control. A typical PFD provides data related to an aircratft in flight including
heading, airspeed, altitude, attitude, and vertical speed.

[0012] As can be noted in Figures 1 - 3 of the example embodiments of the
present invention, the object of the present invention is to provide a nonlinear scale that
emulates the view of a mechanical drum gauge. More specifically, the nonlinear tape
display of the present invention provides for a narrowing in the respective distance
between the tick marks denoting an equivalent measured amount of a given parameter
along the scale as one proceeds from the center of the nonlinear tape emulation to the
outside range of values at either end of the scale.

[0013] Figure 1 illustrates an example embodiment of an airspeed display of the

present invention. The airspeed tape is typically located on the left side of a PFD
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display and depicts present airspeed and related data to the pilot. As shown in Figure
1, placed in the vertical center of this tape is the indicated airspeed window 10, shaped
with a pointer 12 to the tape on the right side of it, an enlarged area 14 on the right side
of it, and a black background 16. This window displays the current airspeed to the
nearest knot. As shown on the enlarged area 14, the digits may roll to change with the
higher numbers rolling in from the top and lower numbers rolling in from the bottom to
emulate the positive actions of a mechanical device.

[0014] Behind the current airspeed window 10 is the semi-transparent airspeed
tape 18 that may have numerals and indices in white. The full scale of the tape 18 may
extend from a configurable lower limit (from 0-100 knots) up to 999 knots, is non-linear
to emulate a mechanical drum, and may be spaced so as to center the current airspeed
data within a desired range on the nonlinear scale. For example, Figure 1 shows the
cﬁrrent airspeed data centered so that 140 knots (70 knots either side of the current
airspeed) are displayed at all times. The tape 18 will scroll such that the current
airspeed window 10 always points to the current airspeed as indicated on the tape. In
this example embodiment, the major tick marks, e.g. at 20, may appear every 20 knots
on the right side of the tape with a numeral marking to the left. Minor tick marks, e.g. at
22, may appear every 10 knots in between the major tick marks and are not marked
numerically. This presentation complies with industry recommended practices.

[0015] Figure 2 illustrates an example embodiment of an altitude display of the
present invention. The altitude tape is typically displayed on the right side of the PFD,
centered vertically on the display center horizon line. Placed in the vertical center of the

tape is the current altitude window 30, shaped with a pointer 32 to the tape on the left
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side of it, an enlarged area 34 on the right side of it, and a black background 36 as
shown in the figure below. As shown at 30, the window displays the current baro
corrected altitude with rolling ones and tens digits in increments of 20 ft. The hundreds,
thousands, and ten-thousands digits also independently roll when they change from one
value to the next. Increasing altitude numbers roll in from the top, and decreasing
altitude numbers roll in from the bottom. The pointer 32 on the left side of the current
altitude window points to the corresponding altitude on the moving tape 38 behind the
window.

[0016] Behind the current altitude window 30 is the semi-transparent nonlinear
altitude tape 38 with numerals and indices in white. The scale of the tape may be such
that £1200 feet of altitude are visible on the tape 38 at any time. Major tick marks may
appear for increments of every 500 feet on the left side of the tape with a numeral
marking to the right, e.g. at 40. Minor tick marks may appear for increments of every
100 feet in between the major tick marks and are not marked numerically, e.g. at 42.
The digits on the tape, e.g. at 40, may be aligned to the right with the respective digits in
the current altitude window 30.

[0017] When the altitude display unit is selected to display units of meters, the
text “METERS” may be displayed above the current altitude 30 in amber text (not
shown). In addition, a change in the display to units of meters may alter the tape scale
so that the major ticks with the associated numeric marking 40 will be indicative of a
value of every 100 meters. Likewise, the change to metric units may place the minor
ticks, e.g., 42, for every 20 meters. The current altitude window 30 may also display

rolling ones and tens digits every 10 meters.
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[0018] Figure 3 illustrates an example embodiment of a heading display of the
present invention. A non-linear “drum” heading tape is used to present the current
aircraft heading on the PFD to the pilot and provide a qualitative depiction of rate of
change of heading. Centered in the heading tape is the current heading window 50,
which may display a digital value for the current heading. The digital value includes
leading zeros, indicates North as 360° (rather than 0°), and indicates only numeric
digits, i.e. not N, E, W, S labels. If True heading is selected via menu option or external
discrete, an amber “T” 52 may be displayed after the numeric value of the current
heading and the current heading window 50 will grow to include it. If heading
information is being supplied by a cross-side source, the box, digital value, and “T” (if
present) may be displayed in amber. If True Heading is not the current mode, the “T” is
not displayed and the heading displayed is Magnetic.

[0019] Behind the current heading window 50 is the heading scale 54. It is
depicted as a semi-transparent non-linear tape with white vertical tick marks every 10°
and slightly shorter vertical tick marks every 5°. Leading zeros are shown on the
degree position numbers that compose the scale and the numeric values are limited to
two digits, i.e. 60° is shown as 06 and 240° is shown as 24. The tape scrolls left and
right such that the current heading window pointer 56 overlaps the current heading as
indicated on the tape. The text “N”,"W","S", and “E" appear at the 360°, 270°, 180°, and
90° headings respectively on the nonlinear scale; however, the numerical values for
heading will appear in the current heading window 50.

[0020] Having shown and described example embodiments of the present

invention, those skilled in the art will realize that many variations and modifications may
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be made to affect the described invention and still be within the scope of the claimed
invention. Thus, many of the elements indicated above may be altered or replaced by
different elements which will provide the same result and fall within the spirit of the
claimed invention. It is the intention, therefore, to limit the invention only as indicated by

the scope of the claims.
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We claim:

1. An electronic display for presenting airspeed data of an aircraft, wherein said
display comprises:

an electronic airspeed tape having a nonlinear scale,

wherein said nonlinear scale on said electronic airspeed tapeA emulates
the view of a mechanical drum gauge; and

wherein a scroll of said electronic airspeed tape maintains said nonlinear
scale on said display.

2, The electronic display of claim 1, wherein said airspeed data of an aircraft is
centered on a showing of said nonlinear scale on said display.

3. The electronic display of claim 1, wherein said display is configured to emulate
the view of a mechanical drum gauge in units of knots.

4, The electronic display of claim 3, wherein said airspeed data of an aircraft is
centered on a showing of said nonlinear scale of 140 knots on said display.

5. The electronic display of claim 1, further comprising an indicated airspeed
window showing the current airspeed of said aircraft.

6. The electronic display of claim 5, wherein said indicated airspeed window is
comprised of a shaped pointer.

7. The electronic display of claim 5, wherein said indicated airspeed window is
comprised of an enlarged display of at least a portion of said electronic airspeed
tape.

8. The electronic display of claim 5, wherein said indicated airspeed window is

comprised of a black background.
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10.
1.
12.
13.

14.
15.

16.

17.

18.

The electronic display of claim 1, wherein said nonlinear scale is configurable
from a lower limit to an upper limit.
The electronic display of claim 9, wherein said lower limit is fixed.
The electronic display of claim 9, wherein said upper limit is fixed.
The electronic display of claim 9, wherein said lower limit is 0 (zero) knots.
The electronic display of claim 9, wherein said configurable lower limit is |
bounded by 0 (zero) to 100 (one hundred) knots.
The electronic display of claim 9, wherein said upper limit is 999 knots.
An electronic display for presenting altitude data of an aircraft, wherein said
display comprises:

an electronic altitude tape having a nonlinear scale,

wherein said nonlinear scale on said electronic altitude tape emulates the
view of a mechanical drum gauge; and

wherein a scroll of said electronic altitude tape maintains said nonlinear

scale on said display.

The electronic display of claim 15, wherein said altitude data of an aircraft is

centered on a showing of said nonlinear scale on said display.

The electronic display of claim 15, wherein said display is configured to emulate
the view of a mechanical drum gauge in units of feet.

The electronic display of claim 17, wherein said altitude data of én aircraft is
centered on a showing of said nonlinear scale of 1,200 (one thousand and two

hundred) feet of altitude on said display.
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19.

20.

21.

22.

23.

24,

25.

26.

27.

The electronic display of claim 15, wherein said display is configured to emulate
the view of a mechanical drum gauge in units of meters.
The electronic display of claim 19, wherein said altitude data of an aircraft is
centered on a showing of said nonlinear scale measured in meters approximately
equivalent to 1,200 feet of altitude on said display. |
The electronic display of claim 15, wherein display is configurable to emulate the
view of a mechanical drum gauge in units of feet or in units of meters A
The electronic display of claim 15, further comprising an indicated altitude
window showing the current altitude of said aircraft.
The electronic display of claim 22 wherein said indicated altitude window is
comprised of an enlarged display of at least a portion of said electronic altitude
tape.
The electronic display of claim 22, wherein said indicated altitude window is
comprised of a numeric display of the current altitude of said aircraft.
The electronic display of claim 24, wherein said numeric display is an electronic
emulation of a mechanical rolling numeric display.
The electronic display of claim 22, wherein said indicated altitude window is
comprised of a black background.
An electronic display for presenting heading data of an aircraft, wherein said
display comprises:

an electronic heading tape having a nonlinear scale,

wherein said nonlinear scale on said electronic heading tape emulates the

view of a mechanical drum gauge; and

10
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28.

29.

30.

31.

32.

33.

34.

35.

36.

‘wherein a scroll of said electronic heading tape maintains said nonlinear
scale on said display.
The electronic display of claim 27, wherein said electronic heading tape
emulation of the view of a mechanical drum gauge is comprised of text markings
of “N", “W", “S", and “E” at 360°, 270°, 180°, and 90° headings, respectively.
The electronic display of claim 27, further comprising a heading window showing
the current heading of said aircraft.
The electronic display of claim 29, wherein said current heading of said aircraft is
selected from the group consisting of true heading and magnetic heading.
The electronic display of claim 29, wherein said showing the current heading of
said aircraft is comprised of a “T” to indicate a display of true heading of said
aircraft.
The electronic display of claim 29, wherein said heading window is comprised of
a shaped pointer.
The electronic display of claim 29, wherein said heading window is comprised of
an enlarged display of at least a portion of said electronic heading tape.
The electronic display of claim 29, wherein said heading window is comprised of
a numeric display of the current heading of said aircraft.
The electronic display of claim 29, wherein said heading window is comprised of
a black background.
An electronic display for presenting data of an aircraft, wherein said display
comprises:

an electronic tape having a nonlinear scale,

11
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38.

39.

40.
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wherein said nonlinear scale on said electronic tape emulates the view of
a mechanical drum gauge; and

wherein a scroll of said electronic tape maintains said nonlinear scale on
said display.
The electronic display of claim 36, further comprising a window showing the
current data of said aircraft.
The electronic display of claim 37, wherein said window is comprised of a shaped
pointer.
The electronic display of claim 37, wherein said window is comprised of a
numeric display of the current data of said aircraft.
The electronic display of claim 37, wherein said window is comprised of a black

background.

12
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