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(57) Abstract: A system and method for
dynamically computing an equi-distance
point (EDP) for aircratts is disclosed. In
one embodiment, a method for dynami-
cally computing an EDP for an aircratt
includes receiving at least two reference
points for landing the aircraft upon an
occurrence of an emergency, determin-
ing a remaining flight path for the air-
craft based on a current location of the
aircraft and a flight plan serviced by a
flight management system (FMS) of the
aircraft, and generating the EDP for the
aircraft by locating a point on the re-
maining flight path which is equidistant
from the at least two reference points.
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SYSTEM AND METHOD FOR COMPUTING AN EQUI-DISTANCE POINT v(EDP) FOR

AIRCRAFTS

FIELD OF TECHNOLOGY

[0001] The present invention relates to the field of aeronautical engineering. In

particular, the present invention relates to a flight management system.

BACKGROUND

[0002] A flight management system (FMS) is a fundamental part of an aircraft which is
used to control a navigation of the aircraft. The FMS may hold a flight plan of the
aircraft, and allow the pilot to modify the flight plan as required during the flight. The
FMS uses various sensors to determine a position of the aircraft. Given the position
and the flight plan, the FMS is able to guide the aircraft along the flight plan or flight
path. The FMS is normally controlled through a small screen and a keyboard. The
FMS also may display the flight plan on an electronic flight instrument system (EFIS),
navigation display (ND) or multi-function display (MFD). Further, the FMS may compute

predicted speed, altitude, fuel consumed along the flight plan, and so on.

[0003] An equi-distance point (EDP) may be computed by the FMS to safely navigate
the aircraft, where the EDP may provide a point from which the distance to fly to two

given reference points (e.g., two airports) is equal. The EDP may act as an advisory for
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the pilot during emergency situations where an emergency landing may be required.
Currently, publicly visible methods for computing such a point appear to use a very
simplified formula based on many abprokimations. Thus, the currently available
methods may not be capable of determining the EDP which considers an equal distance |

from the two given reference points to the flight plan or flight path of the aircraft.
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SUMMARY

[0004] A system and method for dynamically compL.Jting an equi-distance point (EDP)
for aircrafts is disclosed. In one aspect, a method for dynamically computing én EDP
for an aircraft includes receiving at least two reference points for landing the aircraft
upon an occurrence of an emergency. The method further includes determining a
remaining flight path for thé aircraft based on a current location of the aircraft and a

flight plan serviced by a flight management system (FMS) of the aircraft.

[0005] Furthermore, the method includes generating the EDP for the aircraft by locating
a point on the remaining flight path which is equidistant from the at least two reference
points. The point on the remaining flight path is located by forming a straight line
between the first reference point and the second reference point, generating and
extending a bisector line perpendicular to the straight line, and Idcating the point on the

remaining flight path where the bisector line intersects.

[0006] In another aspect, an article includes a storage medium having instructions, that
when executed by a computing platform, result in execution of the method described

above.

[0007]In yet another aspect, a system for dynamically computing an EDP for an aircraft

includes a processor, and a memory coupled to the processor. The memory is
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configured for storing a set of instructions, when executed by the processor, causes the

processor to perform the method described above.

[0008] The methods, systems and apparatuses disclosed herein may be implemented in
any means for achieving various aspects, and other features will be apparent from the

accompanying drawings and from the detailed description that follow.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Various preferred embodiments are described herein with reference to the

drawings, wherein:

[0010] FIG. 1 illustrates an exemplary schematic representation illustrating generation of

an EDP for an aircraft, according to an embodiment of the invention;

[0011]FIG. 2 illustrates an exemplary schematic representation illustrating computation
of the EDP for the aircraft from FIG. 1 with respect to the remaining flight path, .

according to an embodiment of the invention;

[0012] FIG. 3 illustrates a process flowchart of an exemplary method of a flight
management system (FMS) for dynamically computing an EDP for an aircraft, according

to an embodiment of the invention; and

[0013]FIG. 4 illustrates a diagrammatic system view of a data processing system of a
flight management system in which any of the embodiments disclosed herein may be

performed, according to an embodiment of the invention.

[0014] The drawings described herein are for illustration purposes only and are not

intended to limit the scope of the present disclosure in any way.
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DETAILED DESCRIPTION

[0015] A system and method for dynamically computing an equi-distance point (EDP)
for éircrafts is disclosed. In the following detailed describtion of the embodiments of the
invention, reference is made to the accompanying drawings thét form a part hereof, and
in which are shown by way of illustration specific embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention, and it is to be understood that other
embodiments may be utilized and that changes may be made without departing from
the scope of the present invention. The following detailed description is, therefore, not
to be taken in a limiting sense, and the scope of the present invention is defined only by

the appended claims.

[0016]FIG. 1 illustrates an exemplary schematic representation 100 illustrating
generation of an EDP 102 for an aircraft 104, aCcording té an embodiment of the
invention. In particular, FIG. 1 shows a flight plan serviced by flight management
system (FMS) of the aircraft 104. The flight plan includes a plurality of waypoints 112A-
E and a plurality of legs 114A-D. The waypoints 112A-E may be a set of coordinates
’(e.g., latitudinal and longitudinal coordinates) in physical space. The plurality of legs

114A-D represents a flight path of the aircraft 104.

[0017] According to an embodiment of the present invention, a first reference point 106

and a second reference point 108 are received by a flight management system (FMS) of
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the aircraft 104 for landing the aircraft 104 upon the occurrence of an emergency. In
one embodiment, the first reference point 106 arjd the second reference point 108 may
be entered by a pilot of the aircraft 104 based on a current location of the aircraft 104.

In an alternate embodiment, the first reference point 106 and the second reference point
108 may be automatically selected by the FMS based on the current location of the

aircraft 104.

[0018] The first reference point 106 and the second reference point 108 may be a
departure airpoﬁ and.an arrival airport for the aircraft 104 by default. Alternati.vely, each
of the first reference point 106 and the second reference point 108 may be an airport
(other thaﬁ the departure airport and the arrival airport), an airdrome, a.h airstrip, a
runway, a- landing field, an airfield and the like which is proximal to th,e current location
of the aircraft 104. In one embodiment, more than two reference points can also be
received from the pilot or automatically selected based oh the current location of the

aircraft 104.

[0019] Further, a remaihing flight path 110 of the aircraft 104 is determined based on the
current location of the aircraft 104 and the flight plan. The EDP 102 is then generated
by locating a point on the remaining flight path 110 (e.g., on any of the plurality of legs
114B-D) which is equidistant from the first reference point 106 and the second

reference point 108.
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[0020] FIG. 2 illustrates an exemplary schematic representation 200 illustrating
computation of the EDP 102 for the aircraft 104 from FIG. 1 with respect to the
remaining flight path 110, according to an embodiment of the invention. As discussed
above, the EDP 102 is computed by locating a point on the remaining flight path 110 of
the aircraft 104. For computing the EDP 102, a straight line 202 is formed between the
first reference point 106 and the second reference point 108. The straight Iiné 202is
formed using a first equation V=M, X, +C,_¢fin Cartesian coqrdinateé. The
Cartesién coordinates include an X-axis and a Y-axié for defining a position of the
aircraft 104. For example, the X-éxis represents a longitudinal line at 0° and the Y-axis
represents a latitudinal line at 0°. The slope (M) of the straight line 202 is computed
using the equation:

Vs = Yopy

M =14
f ’
k X ref2 X ref t

where Xer1 and Y et refer to longitude and latitude of the first reference point 106

and Xrerz and Y'er2 refer to longitude and latitude of the second reference point 108.

Further, the intercept (Cer) Of a reference Y-axis for the straight line 202 is computed

ref

USIng C'_q/- = Y,.L_,/‘z -M qu/z .

[0021] Then, a bisector line 204 is-generated and extended perpendicular to the straight

line 202. The bisector line 204 is generated using a second equation

Y, =M __X +C _ with M =A—/—I—1—being a slope of the bisector line and

perp perp perp perp perp
ref
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yref1 + YrefZ + 1 Xref1 + Xref2
Cpen =

2 Mos 2 > being an intercept of the reference Y-axis.

[0022] Further, inte.rsection points of the bisector line 204 with the plurality of legs 114A-
D in the remaining flight path 110 are located. In one embodiment, each of the plurality

of legs 114A-D is based on a third equation ¥ =M X +C_ in Cartesian

wpt wpt <7 wpt wpt

2 )]“: 71 X . .
coordinates with M = X“" - " being the slope of the each of the plurality of legs

wpr2 L prl : '
114A-Dand C,, =Y,,, - M, X,,, being the intercept of the reference Y-axis. In the

above equations for My, and Cupt Xwpt1 and Yyptr refers to longitudinal and latitudinal
coordinates of a first or start waypoint of each of the legs 114A-D and Xyptz and Yup2
refers to longitudinal and latitudinal coordinates of a second or end waypoint of each of

the leg 1 14A;D.

[0023] As illustrated, the bisector line 204 intersects the leg 114A at an intersection
point 206A. Also, the biseétor line 204 intersects the leg 1148 at'an intersection point
2068. Similarly, the bisector line 204 intersects the leg 114C at an intersection point
206C. Although it is not illustrated in FIG. 2, there can be more intersection points as
there are more legs in the remaining flight path 110. Based on the intersection points
206A-C, the EDP 102 for the aircraft 104 is computed. In one embodiment, the EDP
102 for the aircraft 104 is computed by comparing a length of each of the plurality of‘
legs 114A-C with a distance between a start point of each of the pIuraI'ity of legs 114A-C

and the corresponding intersection point. According to an embodiment of the present
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invention, an intersection point of a leg and the bisector line 204 is determined as the
EDP 102if the length of the leg is greater than the distance between the start point of

the leg and the intersection point.

[0024] In the example embodiment illustrated in FIG. 2, the length of the leg 114B is
compared with the distance between the start point of the leg 114B and the intersection
’point 206B. It can be seen from FIG. 2 that, the length of the leg 114B is less than the
distance between the start point of the leg 114B and the intersection point 206B. Thus,
the intersection point 206B is determined to be not the EDP 102. Further, the length of
the leg 114C is compared with the distance between the start of the leg 114C and the
intersection point 206C. It can be seen from FIG. 2 that, the length of the leg 114C is
-greater than thé distance between the start point of the leg 114C and the intersection

point 206C. He‘nce, the intersection point 206C is determined as the EDP 102.

[0025]FIG. 3 illustrates a process flowchart of an exemplary method 300 of a flight
management system (FMS) for dynamically computing an EDP for an aircraft, according
to an embodiment of the invention. In step 302, two reference points for landing the .
aircraft is received. For example, the two reference points may be received from a pilot
of the aircraft or may be automatically chosen, upon an occurrence of an emergency. In
step 304, a remaining flight path for the aircraft is determined. The determination may
be based on a current location of the aircraft and a flight plan serviced by the FMS of

the aircraft.

10
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[0026] The metﬁod 300 then ‘performs step 306 in which the EDP for the aircraft is
computed. In one embodiment, the EDP is computed by locating a point in the
remaining flight path which ‘is} equidistant from the two reference po'ints. The remaining
flight path includes a plurality 6f way points and a plurality of legs. Moreover, the steps
" involved in computing the EDP are described in steps 306A through 306G. ‘In step
306A, a first leg of the remaining flight path is set as a current leg. In step 306B, a
straight line is formed between the two reference points. In step 306C, a bisector line is

generated and extended perpendicular to the straight line.

[0027]In step 306D, a point in the current leg which intersects the bisector line is
located. In step 306E, it is determined whether the intersected point is the EDP. The
steb is carried out by comparing the length of the current leg with the distance between
the start point of the current leg and the intersected point. If the length of the current leg
is greater than the distance between the start po'int of the current leg and the

intersection point, then the intersection point is determined as the EDP in step 306G.

[0028] If the length of the current leg is less than the distance between the start point of .
the current leg and the intersection point, then the next leg in the remaining flight path is
selected as the current leg in step 306F. Further, the step 306D is repeated to locate a
point in the next leg which intersects With the bisector line. It is appreciated that steps
306E, 306F and 306G may be repeated until the EDP is determined. Itis also
appreciated that the steps 306A-G may use mathematical formulas described in FIG. 2

to obtain the EDP.

11
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[0029]FIG. 4 illustrates a diagrammatic system view 400 of a data processing system of
a flight management system (FMS) in which any of the embodiments disclosed herein
may be performed, according to an embodiment of the invention. Particularly, the
diagrqmmatic systerﬁ view 400 of FIG. 4 illustrates a processor 402, a main memory"
404, a static memory 406, a bus 408, a video display 410, an alpha-numeric input
device 412, a cursor control device 414, a drive unit 416, a signal generation device
418, a network interface device 420, a storage medium 422, instructions 424, and a

network 426.

[0030] The diagrammatic system view 400 may indicate a data processing system of a
FMS of an aircraft or a flight simulator in which one or- more operations disclosed herein
are performed. The processor 402 may be a microprocessor, a state machine, an
application specific integrated circuit, a field programmable gate array, etc. The main
memory 404 may be a dynamic random access memory and/or a primary memory of
the FMS. The static memory 406 may be a hard drive, a flash drive, and/or other

memory information associated with the data processing system.

[0031]The bus 408 may be an interconnection between various circuits and/or
structures of the data processing system. The video display 410 may .provide graphical
representation of information on the data processing system. The alpha-numeric input
de\)ice 412 may be a keypad, keyboard and/or any other input device of text (e.g., a

special device to aid the physically handicapped). The cursor control device 414 may

12
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be a pointing device such as a mouse. The drive unit 416 may be a hard drive, a

storage system, and/or, other longer term storage subsystem. -

[0032] The signal generation device 418 may be a BIOS and/or a functional operating
system of the data processing system. The network interface device 420 may pérform
interface functions (e.g., code conversion, protocol conversion, and/or bﬁffering)
required for commuhications to and from the network 426 between a number of
independent devices (e.g., of varying protocols). The storage medium 422 may provide
instructions on which any of the methods disclosed herein may be performed. The
instructions 424 may provide source code and/or data code to the processor 402 to

enable any one or more operations disclosed herein.

[0033] In one embodiment, a storage mediurﬁ 422 has instructions 424, t.hat when
executed by a computing platform of the FMS, result in execution of a method for
dynamically computing an EDP for the aircraff (e.g., the aircraft 104 of FIGS. 1 and 2).
The method includes receiving at-least two reference points (e.g., the first reference
point 106 and a second reference point 108) for landing the aircraft upon an occurrence
of an emergency. The method also includes determining a remaining flight path for the
aircraft based on a‘cﬁrrent location of the aircraft and a flight plan serviced by a FMS of

the aircraft.

[0034] Then, the method includes generating the EDP: for the aircraft by locating a point

on the remaining flight path which is equidistant from the at least two reference points.

13
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In one example embodiment, the point on the remaining flight path is located by forming
a straight line between the first reference point and the second reference point,
generating and extending a bisector line perpendlcular to the straight line, and locating

the point on the remaining flight path where the blsector line intersects.

[0035] The straight line is obtained using a first equation Y, =M, X . +C,,

_ Yer2 = Yo

Cartesian coordinates with M, = being a slope of the straight line and

ref2 refl

C.=Y,—-M,X,, being an intercept of a reference Y-axis for the straight line. The

bisector line is obtained using a second equation Y, =M, X, +C,,, in Cartesian

— ! being a slope of the bisector line and
ref

coordinates with M erp =

Yref1 + Yref2 + 1 Xref1 + Xref2
Cperp=

> being an intercept of the reference Y-axis.
2 ' /- 2 '

[0036] The remaining flight path includes a plurality of way points and a plurality of legs,

and each of the plurality of legs is based on a third equation ¥, =M X  +C, , in

prt?. - prll

Cartesian coordlnates with M being a slope of the each of the plurality

wpt
wpl 2 wptl

of legs and C =Y _-M_X._ . beingthe intercept of the reference Y-axis.

wpl wpt 2 wpt <t wpt2

14
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[0037] Moreover, for generating the EDP, the storage medium 422 may have
instructions 424 to find an intersection point of the bisector line and each of the plurality
of legs using the second equation and the third equation, and compare a length of the
each of the plurality of legs with a distance between a start point of the each of the
plurality of legs and the corresponding intersection point. The storage medium may
also have instructions to determine the intersection point as the EDP when the length of
the each of the plurality of legs is greater than the distance between the start point of

the each of the plurality of legs and the corresponding intersection point.

[0038] In another embodiment, a FMS system comprises the main memory 404 coupled
to the processor 402 which has instructions stored therein, that when executed by the

processor 402 causes the processor 402 to perform the method described above.

[0039] In addition, it will be appreciated that the various operations, processes, and
methods disclosed herein may be embodied in a machine-readable medium and/or a
-machine accessible medium compatible with a data -processing system (e.g., a
computer system), and may be performed in any order (e.g., including using means for
achieving the variousoperaﬁons). Accordingly, the specification and drawings are to be

regarded in an illustrative rather than a restrictive sense.

15
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CLAIMS

What is claimed is:

1. A method of a flight management system (FMS) for dynamically computing an equi-
distance point (EDP) for an aircraft, comprising:
receiving at least two reference points for landing the aircraft upon an occurrence of

an emergency,

determining a remaining flight path for the aircraft based on a current location of the
aircraft and a flight plan serviced by the flight management system (FMS) of the aircraft;

and

generafing the EDP for the aircraft by locating a point on the remaining flight path

which is equidistant from the at Ieést two reference points.

2. The method of claim 1, wherein the at least two reference points are received from

a pilot of the aircraft.

3. The method of claim 1, wherein the at least two reference pbints comprise a

departure airport and an arrival airport for the aircraft by default.

16
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4. The method of claim 1, wherein each of the at least two reference points for landing

the aircraft comprises an airport.

5. The method of claim 1, wherein the at least two reference points comprise a first

reference point and a second reference point.

6. The method of claim 5, wherein the locating the point on‘ the remaining flight path
comprises:

forming a straight line between the first reference point and the secohd reference
point; |

generating and exténding a biéector line perpendicular to the straight line; and

locating the point on the remaining flight path where the bisector line intersects.

7. The method of claim 6, wherein t’he straight line is formed using a first equation

Yr(_ffl - )/I(’fl

Y, =M,X, +C, inCartesian coordinates with M = being a slope of

ref2 refl
the straight line and C,,, =7, ., - M, X, being an intercept of a reference Y-axis for

the straight line.

17
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8.  The method of claim 7, wherein the bisector line is generateq using a second

equaton Y, =M, X, +C,,, in Cartesian coordinates with M, = v being a
ref

slope of the bisector line and

Yeert + Yier2 N 1 Xeert + Xiep2
Coerp =

2 Mot 2 ) being an intercept of the reference Y-axis.

9. The method of claim 8, wherein the remaining flight path comprises a plurality of

way points and a .plurality of legs, and wherein each of the plurality of legs is based on a

Y pit - YW}I

third equation Y, , = M, X, +C,, in Cartesian coordinates with M, =—"> XI !
wpt2 - wptl
being a slope of the each of the plurality oflegs and C,, =Y, ., -M , X, , being the

intercept of the reference Y-axis.

10. The method of claim 9, wherein the generating the EDP combrises:

finding an intersection point of the bisector line and the each of the plurality of legs
using the second equation and the third equation;

comparing a length of the eac;h of the pIuréIity of legs with a distance between a
start point of the each of the plurality of legs and the intersection point; and

determining the intersection point as the EDP when the length of the each of the
plurality of legs is greater than the distance between the start point of the each of the

plurality of legs and the intersection point.

18
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11. An article, comprising:

a storage medium having instructions, that when executed by a computing platform
of a flight management system (FMS), result in execution of a method for dynémically
computing an egui-distance point (EDP) for an aircraft, corﬁprising:

receiving at least two reference points for landing the aircraft upon an occurrence of

an emergency,

determining a remaining flight path for the aircraft based on a current location of the
aircraft and a flight plan serviced by a flight management system (FMS) of the aircraft;

and

generating the EDP for the aircraft by locating a point on the remaining flight path

which is equidistant from the at-least two referenée points. -

12. The article of claim 11, wherein the at least two reference points comprise a first

reference point and a second reference point.

13. The article of claim 12, wherein the locating the poiht on the remaining flight path
comprises:

forming a straight line between the first reference point and the second reference
point;

generating and extending a bisector line perpendicular to the straight line; and

locating the point on the remaining flight path where the bisector line intersects.

19
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14. The article of claim 13, wherein the straight Iihe is formed using a first equation

),r({f 27 Y:'(;f 1

Y,=M,X,, +C, inCartesian coordinates with M, = being a slope of

ref2 2 refl
the straight line and C,, =Y, , - M, X, ., being an intercept of a reference Y-axis for

the straight line.

15. The article of claim 14, wherein the bisector line is generated using a second

equaton Y, =M, X ., +C,, In Cartesian coordinates with M, = v being a
ref

slope of the bisector line and

Yeert + Yo 1 Xt + Xref2
Cory= — "2 4
perp

) being an intercept of the reference Y-axis. '
2 Mref 2 4

16. The article of claim 15, wherein the rerhaining flight path comprises a plurality of
way points and a plurality of legs, and wherein each of the plurality of legs is based on a

Y,

wpt2

-7

wprl

third equation ¥, =M __X +C, _ in Cartesian coordinates with M & = —————
wpl wpl wpi wpt . wpt X —X
wpi2 wptl

being a slope of the each of the plurality of legsand C,, =Y,,,, - M, X, being the

wpt wpl

intercept of the reference Y-axis.

17. The article of claim 16, wherein the generating the EDP comprises:

20 -
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finding an 'intersection point of the bisector line and the each of the plurality of legs
using the second equation and the third equation;

comparing a length of the each of the plurality of legs with a distance between a
start point of the each of the plurality of legs and the intersection point; and

determining the intersection point as the EDP when the Iength’of the each of the
plurality of legs is greater than the distance between the staﬁ point of the each of the

plurality of legs and the intersection point.

18. A flight management system (FMS) for dynamically computing an equi-distance

point (EDP) for an aircraft, comprising:
a processor; and

a memory coupled to the processor and configured for storing a set of
instructions, when executed by the processor, causes the processor to perform a

method comprising:

receiving at least two reference points for landing the aircraft upon an occurrence of

an emergency;

determining a remaining flight path for the aircraft based on a current location of the
aircraft and a flight plan serviced by a flight management system (FMS) of the aircraft;

and

generating the EDP for the aircraft by locating a point on the remaining flight pafh

which is equidistant from the at least two reference points.
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19.The system of claim 18, wherein the at least two reference points are received from

a pilot of the aircraft.

20. The system of claim 18, wherein the at least two reference points comprise a

- departure airport and an arrival airport for the aircraft by default.
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