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[57] ABSTRACT

Apparatus for visually displaying simultaneously on one
screen two variables that characterize the path followed
by a land, marine or airborne vessel with reference to a
preselected or ideal path that extends from a beginning
point to an ending point. Using two distinguishable
icons or other indicia for the two variables, the screen
displays a single one-dimensional scale and displays the
two indicia, each of which represents one of the follow-
ing differences: (1) the difference between at least one

_ of the two horizontal location coordinates for the pres-

ent vessel location and for a nearest point on the prese-
lected path; (2) the difference between the elevation
coordinates for the present vessel location and for a
nearest point on the preselected path; (3) the difference
between the present horizontal bearing angle of the
vessel path and the horizontal bearing angle along the
preselected path at a nearest point on the preselected
path; and (4) the difference between the present vertical
bearing angle of the vessel path and the vertical bearing
angle along the preselected path at a nearest point on
the preselected path. Alternatively, the screen may
display two one-dimensional scales with either two
indicia, three indicia or two mutually exclusive sets of
two indicia. Alternatively, two indicia may be used to
define the size of a rectangle and the quadrant it appears
in, for representation of the two indicia.

25 Claims, 9 Drawing Sheets
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PLURAL INFORMATION DISPLAY FOR
NAVIGATION

FIELD OF THE INVENTION

This invention relates to display of multiple informa-
tion for aviation, space, marine and land path variable
values on a single screen or monitor.

BACKGROUND OF THE INVENTION

In navigation with an airborne, marine or land vessel,
the pilot or other control person usually relies upon
several parameters to determine the location, bearing,
elevation and other indicia that indicate where the ves-
sel is relative to the chosen path. In airborne and marine
vessels, this normally requires provision of one monitor
or screen to display each relevant parameter in analog
form. The pilot must read, understand and coordinate
the information displayed on each monitor. This usually
requires that the pilot’s eyes move intermittently from
one monitor to the next monitor to visibly sense this
information.

Some workers in other fields have provided relevant
information on adjacent screens or screen sections. U.S.
Pat. No. 3,778,601, issued to Brock et al, discloses an
aircraft navigation system for display or indication of
track angle or cross track error in the angle. Computed
aircraft location coordinates are combined to provide
along-track distance and across-track error in the repre-
sentation of FIG. 1 of this patent. However, no indica-
tion is given of how two such indicia could be combined
and displayed on a single screen.

Brinker et al disclose a bearing display for a plurality
of targets relative to a pursuit craft, such as a water-
borne or airborne craft in U.S. Pat. No. 3,864,555. A
movable dial displays bearing of the craft in degrees, is
controlled by a gyro on the craft, and includes a circular
array of lights surrounding the center of the dial. Each
light subtends an angle of a few degrees relative to the
dial center. If a the system determines that one or more
targets is positioned within an angular sector defined by
one of these lights, that light is activated. Craft bearing
and angular location of one or more targets relative to
the craft are displayed on a single instrument.

A navigational computer that provides displays of
aircraft bearing angle and aircraft speed, or other equiv-
alent information, is disclosed by Ferguson in U.S. Pat.
No. 3,875,405. In one embodiment, the north-directed
component and east-directed component of an aircraft
velocity vector are separately displayed on two adja-
cent disks, with the two disks having complementary
opaque half-disks. The disk diameter separating the
opaque half-disk from the visible half-disk on each disk
moves with change in aircraft bearing.

In U.S. Pat. No. 4,112,423, Bertolasi discloses a dual
screen data monitor that can display 160 alphanumeric
characters, rather than the standard 80 characters, in a
single line. Much of the emphasis here is on synchro-
nism of timing of the displays across the “fold” of the
two screens, and no extension to non-alphanumeric
displays is disclosed. Static images are displayed.

Lewis, in U.S. Pat. No. 4,167,735, discloses an aircraft
orientation system that measures and displays the “crab
angle” (yaw angle relative to aircraft ground velocity
vector) of an aircraft during a landing approach. Two
Doppler radar units, facing each other on two sides of a
landing strip center line, transmit timed pulses and re-
ceive return pulses indicating the angular orientation
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and velocity of the aircraft center line relative to the
landing strip center line. Graphic display of this infor-
mation is not discussed.

A torpedo steering control system for or a self-con-
trolled pursuit torpedo is disclosed in U.S. Pat. No.
4,323,025, issued to Fisher et al. In one embodiment, the
system quantitatively measures and uses torpedo depth,
rate of change of depth and rate of change of torpedo
pitch angle, to control the velocity vector in a search-
and-destroy pattern, directed at an underwater object
such as a moving submarine.

U.S. Pat. No. 4,706,199, issued to Guerin, discloses a
moving map display that provides differently shaded or
colored regions corresponding to different topographi-
cal heights of the terrain over which an aircraft flies.
The topographical relief information is pro-loaded and
is combined with the sensed present location and pres-
ent altitude of the aircraft on a single screen. The pres-
ent height of the aircraft relative to the ground directly
below is also displayed.

Van Helsdingen et al disclose a system for navigating
and displaying, present location of a free ranging vehi-
cle in U.S. Pat. No. 4,847,773. The region over which
the vehicle can move is defined by a two-dimensional
grid of reflective markers that indicates obstacles to be
avoided and a preferred path to be followed. The sys-
tem can compute and separately display cumulative
distance traveled, present location and present bearing
within the grid.

A navigation system fort a vehicle and coordinated,
changeable map display is disclosed by Ohe in U.S. Pat.
No. 4,964,052. The navigation system senses the present
location, present bearing and present speed relative to a
two-dimensional grid and can display an icon represent-
ing the estimated vehicle location on an appropriate
map showing all navigable roads, depending upon vehi-
cle location.

In U.S. Pat. No. 4,974,196, Iwami et al disclose a
multi-window screen for displaying the results of sev-
eral data processing procedures. Simultaneous window
views of a bar chart and a table may be displayed, for
example, upon command. However, coordination and
display of two or more related variables in a single
window is not disclosed.

Lord discloses a remote control system for helicopter
flight training in U.S. Pat. No. 5,015,187. The remotely
controlled helicopter has a video link to the control unit
that displays the terrain seen in the forward direction of
the craft and separately displays, simultaneously on a
single screen (1) craft airspeed, (2) craft pitch or direc-
tion and (3) relative wind direction. No indication is
given as to how relative location of the helicopter could
be included on the screen display.

A two-dimensional display to appear on a helmet of
an aircraft pilot as the aircraft changes location and
angular orientation is disclosed in U.S. Pat. No.
5,015,188, issued to Pellosie et al. The display can be
changed by the pilot to any of a designated plurality of
two-dimensional views of the three-dimensional envi-
ronment in which the aircraft operates, including a view
to the front, view to the rear and one or more lateral
views. The view of any other object in the scene auto-
matically changes as the scene perspective changes.
The displayed image is projected on a visually percepti-
ble surface that is part of the helmet, to be viewed by
the pilot as the aircraft moves.
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In U.S. Pat. No. 5,018,076, Johary et al disclose a dual
flat panel display system that provides two separately
controllable images, which may be identical if desired.
Static or dynamic images can be displayed. One display
panel image is written and displayed while information
for the other panel is being read from the same or an-
other set of memory addresses.

A primary flight display system in which two mea-
surements, coarse and fine, of a single flight path vari-
able are separately displayed on a single display panel is
disclosed in U.S. Pat. No. 5,136,301, issued to Bechtold
et al. However, only one basic variable, elevation, is
disclosed, and no comparison of present and ideal path
values is presented.

In U.S. Pat. No. 5,153,936, issued to Morris et al, a
data processing system is disclosed that processes, dis-
plays and/or prints document digital images at two or
more different resolutions, depending upon the nature
of the image and upon any image compression used.
The images are static and are scanned in and stored
before display thereof.

None of these references displays two or more
closely related variable values, such as deviation of
location, deviation of elevation, and deviation bearing
angle of a vessel from a preselected path, on a single
monitor in such a way that the variable values can be
easily coordinated. What is needed is a system that
displays two or more closely related variables or path
deviations on a single monitor in such manner that the
variables values can be easily coordinated, appropriate
corrective action can be taken, and the variable values
can be continually monitored as the correction is imple-
mented.

SUMMARY OF THE INVENTION

These needs are met by the invention, which provides
method and apparatus for visually displaying two re-
lated vessel path variables and for continually display-
ing the present results of taking corrective actions to
reduce the deviation between actual and preferred vari-
able values. Any two, three or four of the following
four variables are displayed on a one- or two-dimen-
sional monitor or display screen, using one or two scales
with markings, with each variable having its own icon
or other indicium and carrying its own scale marking
units: lateral or horizontal deviation of vessel present
location from nearest point on the ideal or preselected
patio; deviation of horizontal bearing angle and of verti-
cal bearing angle of present vessel orientation on actual
path from nearest point on the ideal path; vertical devia-
tion of vessel present elevation from nearest point on
ideal path.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a preferred path (solid
curve) and an actual path followed (dotted curve) by a
vessel in moving from a source point to a destination
point.

FIGS. 2, 3, 4A and 4B illustrate coordinate difference
values or deviations for horizontal location AL, hori-
zontal bearing angle A, elevation AH and vertical
bearing angle A6, respectively, displayed on four sepa-
rate one-dimensional scales on a display screen.

FIGS. 5A and 5B illustrate combination of the pa-
rameter displays for AL and A¢, shown in FIGS. 2 and
3, according to the invention, using a scale with a single
set of markings and using a scale with different mark-
ings for each coordinate.
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FIGS. 6A and 6B illustrate combination of the pa-
rameter displays for AH and A8, shown in FIGS. 4A
and 4B, according to the invention, using a scale with a
single set of markings and using a scale with different
markings for each coordinate.

FIGS. 7 and 8 illustrate display of the combinations
of coordinate differences (AL, AH) and (A, A@)on a
single one-dimensional screen according to the inven-
tion.

FIGS. 9A and 9B illustrate display of two coordinate
differences (AL, AH) and (AH, Aq), respectively, on a
two-dimensional screen according to the invention.

FIGS. 10A and 10B illustrate display of three coordi-
nate differences (AL, Ad, AH) and (AL, AH, A9), re-
spectively, on a single display screen according to the
invention.

FIG. 11 illustrates inclusion of apparatus aboard the
vessel suitable for practicing the invention.

FIGS. 12A and 12B illustrate determination of the
nearest points and associated coordinate differences AL
and AH for use in the invention.

FIG. 13 illustrates display of all four deviation vari-
ables AL, Ad, AH and A€ in pairs on a two-dimensional
screen according to one embodiment of the invention.

FIG. 14 illustrates display of all four deviation vari-
ables AL, Ad, AH and A#é in pairs on a two-dimensional
screen according to another embodiment of of the in-
vention.

FIGS. 15A and 15B illustrate display of a sequence of
consecutive maximum error rectangles for the vessel
path according to another embodiment of the invention.

FIG. 16 illustrates graphic display of two deviation
variables AL and AH on a two-dimensional screen ac-
cording to another embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In FIG. 1, an airborne or marine vessel 11 travels
from a source point S to a destination point D over
some time interval. The pilot or another person may
preselect an ideal route or path 13 (solid curve) to be
followed, based upon minimum fuel consumption,
avoidance of inclement weather, avoidance of known
obstacles such as a mountaintop or underwater reels, or
other criteria. The actual path may be characterized at
each point by an n-tuple of variable values such as hori-
zontal location L of the path at that point, horizontal
bearing angle (“horizontal angle”) ¢ of the tangent to
the path, referenced to a horizontal plane at that point,
elevation H of the path at that point and vertical bearing
angle (“vertical angle”) 6 of the path tangent, refer-
enced to a vertical plane, and related parameters. The
actual path 15 (dotted curve) followed by the vessel 11
will usually differ from the ideal path 13, and these
differences can be sensed and visually displayed as an
n-tuple of deviations (AL, Ad, AH, A#, etc.) on a plural-
ity of monitors, as indicated in FIGS. 2, 3, 4A and 4B.

In FIG. 2, the transverse deviation AL=Lgctyai—-
Lideal (a single coordinate in a horizontal plane here) of
the actual path point relative to the nearest point on the
ideal path 13 is visually displayed on a Course Devia-
tion Indicator (CDI). When a vessel is somewhat off
course, 2 CDI might display an “I” (or a centrally lo-
cated bar) representing the center or on-course or on-
path location and a second symbol “O” representing the
present lateral or transverse location of the vessel rela-
tive to the preselected path. In FIG. 2, the vessel 11 on
the actual path 15 is displaced approximately 2.5 loca-
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tion units (e.g., AL =+250 meters) transversely to the
right of the preselected path 13. In order to reduce the
magnitude of this deviation, the vessel location must
move toward the right by an amount determined by the
magnitude of the location unit. FIG. 2 represents the
CDI for an airborne vessel, with the bar (“I””) represent-
ing the course line; the vessel would fly toward this bar.
For a marine vessel, by contrast, the course line would
be represented by a circle (“O”) and the vessel (repre-
sented by a bar “I” or other symbol) would steer
toward this circle. The control panel indicators for an
airborne vessel will be used here for purposes of illustra-
tion; the same principles apply to the control panel
indicators for a marine vessel.

In FIG. 3, the horizontal angle deviation Ad=dg.-
tual— digear Of the local tangent to the actual path, rela-
tive to the tangent of the point on the preselected path
13 that is closest to the point on the actual path 11, is
visually displayed on a Track Angle Error (TAE) mon-
itor. The horizontal angle deviation A¢ for the TAE,
represented by a flashing bar, a colored bar or other
suitable indicia, for example, is 0° at the center of the
monitor scale and is positive (negative) if the indicia lies
to the right (to the left) of the scale center. In FIG. 3,
the horizontal angle dgcruqr Of the actual path 15 of the
vessel 11 is too small by 1.5 angle units (e.g.,
Ad=—4.5%) relative to the ideal path horizontal angle.
In order to reduce the magnitude of this deviation, the
vessel horizontal angle ¢gcruqr must be increased by an
amount determined by the magnitude of the horizontal
angle in it.

In FIG. 4A, the height or elevation displacement
AH =Hgryat—Higea Of the actual path 15, relative to a
point on the ideal path 13 that is closest to the present
point on the actual path 15, is visually displayed on a
vertical scale on a Track Elevation Error (TEE) moni-
tor. The elevation deviation AH for the TEE, repre-
sented by a flashing bar, a colored bar, or other suitable
indicia, is zero at the center of the monitor scale and is
positive (negative) if the indicia lies to the right (to the
left) of the scale center. In FIG. 4A, the elevation of the
actual path 15 of the vessel 11 relative to the ideal path
13 is too large by 3.5 elevation units (e.g., AH==+ 105
meters) relative to the elevation of the ideal path 13. In
order to reduce the magnitude of this deviation, the
vessel elevation must be reduced by an amount deter-
mined by the magnitude of the elevation unit. FIG. 4B
illustrates a one-dimensional presentation of the vertical
angle deviation A0=04ctuai— Oideal, Which is analogous
to FIG. 3 for the horizontal angle deviation.

The invention, shown in one embodiment in FIGS.
5A and 5B, provides a combined display of two parame-
ter values AL (Course Deviation Indicator) and A¢
(Track Angle Error), on a single display screen or mon-
itor. The CDI parameter AL and the TAE parameter
Ad are displayed on one screen in FIG. 5A, and a single
horizontal scale 21 A has one set of scale markings that
may carry different units for each variable. For exam-
ple, the difference between two consecutive scale mark-
ings in FIG. 5A may be 250 meters, with reference to
the variable AL, and may be +4.5°, with reference to
the variable Ad.

A CDI display is part of a lower line display on an
instrument such as the Trimble TNL-1000 and TNL-
2000A Airborne GPS Receiver Navigation Systems.
The CDI indicator (e.g., “I”’) appears displaced to the
right or to the left of the center scale marking (e.g.,
“Q0”), if the present vessel location lies to the left or to
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the right of the preselected path 13, as discussed in
connection with FIG. 2.

The invention adds a TAE or other indicator oil the
same screen and horizontal scale 21A in FIG. 5A. The
TAE indicator may appear as a small flashing bar, as a
different colored bar, as an icon (e.g., “ ) that is easily
distinguishable from the indicator mark used by the
CDI scale, or by use of some other suitable, distinguish-
able indicium. The TAE indicator ( ) appears dis-
placed to the right or to the left of the center of the
screen, if the present vessel horizontal angle is too high
or too low relative to its proper value, as discussed in
connection with FIG. 3.

FIG. 5A illustrates a situation in which the vessel
horizontal location L on the actual path lies 2.5 units to
the right of the nearest point on the preselected path 13
and the vessel horizontal angle ¢ lies below the ideal
bearing angle by 1.5 units. After a brief period of accli-
mation, a pilot could fly separately control the track
position (O) and track angle ( ) on the combined dis-
play and fly on course from source to destination. Use
of the combined, two-variable display would also allow
the pilot to fly an intercept course with an asymptotic
closure.

FIG. 5B illustrates the same embodiment as FIG. 5A,
but with a single scale 21B displaying two different sets
of scale markings, one (upper) set for AL and one
(lower) set for A¢. The two sets of scale markings used
in this version of the embodiment can be distinguished
by extending one set above the horizontal line and ex-
tending the second set below the horizontal line, as
shown in FIG. 5B. Alternatively, the two sets of mark-
ings may have different colors or line widths. Alterna-
tively, one of the coordinate indicia (e.g., that for Ad)
and the corresponding set of scale markings may be
arranged to flash or light up intermittently to visually
distinguish this indicium and its scale markings from the
other indicium and its scale markings. Alternatively,
each indicium and its corresponding scale markings
may be arranged to light up intermittently, but at differ-
ent times, to visually distinguish the two indicia.

FIG. 6A illustrates a situation in which the vessel
elevation H on the actual path lies 3.5 units above the
nearest point on the preselected path 13 and the vessel
vertical angle @ lies above the ideal vertical angle by 2.0
units. After a brief period of acclimation, a pilot could
fly separately control the track position (O) and track
angle (X) on the combined display and fly on course
from source to destination. Use of the combined, two-
variable display with a single scale 22A would also
allow the pilot to fly an intercept course with an asymp-
totic closure.

FIG. 6B illustrates the same embodiment as FIG. 6A,
but with a single scale 22B displaying two different sets
of scale markings, one set (left) for AH and one set
(right) for A6.

FIG. 7 illustrates another embodiment of the inven-
tions, which displays the vessel transverse horizontal
displacement AL and the vessel elevation displacement
AH on a single screen or monitor, with a single horizon-
tal scale 23 and scale markings. FIG. 8 illustrates an-
other embodiment of the invention, which displays the
vessel horizontal angle A¢ and the vessel vertical angle
A6 on a single screen or monitor, with a single horizon-
tal scale 25 and scale markings. Alternatively in FIG. 7
or FIG. 8, a vertical scale may be shown, with the scale
markings having different colors and different separa-
tion distances and being interleaved so that only the
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