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AUTONOMOUS PRECISION NAVIGATION

FIELD OF INVENTION

[0001] This invention relates to a method and an on board
self-contained multifunctional system for Navigation and
Control of any type of vehicle (airborne, surface, sub-surface,
marine, sub-marine or space) on which the system of this
invention is mounted. In particular it relates to measuring
spatial velocity along body fixed axes of the vehicle on which
the system is mounted by measuring propagation time delay
for a predetermined time frame pulse that modulates carrier
wave & travels through space from a generating source
(Transmitter) to multiple receivers each of which is placed on
one of the principal axes (longitudinal, lateral and vertical) of
the subject vehicle. Movement and orientation data with
respect to geophysical plane are derived using the said spatial
velocity and well known mathematical formulae. The instan-
taneous position, course and altitude are derived by dead
reckoning (DR) from an initial setting. For vehicles moving
through fluid (air and/or water), additional receivers placed at
an offset angle to receivers placed along longitudinal, lateral
and vertical axes of the subject vehicle facilitates computa-
tion of dynamic data of fluid (air and/or water) in the vicinity
of'the subject vehicle moving in the said medium(s) and effect
of movement of the said medium(s) on the movement of said
vehicle. Using a commercial computer and stored digitalized
map and digitalized navigation data and display unit a multi-
functional aid for Navigation and Control of the said subject
vehicle is provided. The method and system can serve both
manned and unmanned vehicles.

BACKGROUND OF THE INVENTION

[0002] Navigation aids are meant to determine speed,
direction, orientation, position of a vehicle and these data are
used to control and guide the vehicle for safe passage from
start to destination. For vehicles moving in fluid medium(s)
[air and/or water]|, the relative speed and direction of the
medium in the proximity of the vehicle and effect of move-
ment of medium on the vehicle are also needed to be deter-
mined.

[0003] For these functions, multiple aids were being used.
But rise in traffic density, increase in speed, widening of area
of operation, emphasis on economic and fast efficient transit
have shifted the focus to new types of Navigation aids which
are multifunctional, more accurate and reliable.

[0004] At present, such aids can be put under two catego-
ries. Satellite based Navigation System GNSS (Global Navi-
gation Satellite System) and INS (Inertial Navigation Sys-
tem). In some systems both the systems are combined to
overcome the short comings of both.

[0005] GNSS comprising of GPS (USA), GLONASS
(RUSSIA) satellites along with augmentation systems DGPS,
WAAS (USA), EGNOS (Europe), MTSAT (Japan), GAGAN
(India), is being groomed to evolve as primary/sole means of
Navigation. Precision (accuracy) of satellite based Naviga-
tion is way ahead in comparison to other Radio Navigation
Aids and is in the range of 3-30 metres for civilian use. It has
the global coverage except in extreme polar-regions. But it
has not the other basic performance requirements: Continu-
ity, Availability and Integrity up to the expected level as yet.
Satellite based Navigation Systems also suffer from errors
that can degrade its precision. The errors are—ionospheric,
atmospheric, clock, receiver, ephemeris and position dilution
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of precision. And of course, the satellite constellation owner
country can degrade the precision and even suspend availabil-
ity of service. Possibilities of black out and jamming are other
shortcomings of this type of Navigation aids.

[0006] INSisthemainstay of space, marine, submarine and
Guided Weapon GN&C (Guidance, Navigation and Control).
But it plays supplementary role for commercial vehicle Navi-
gation of other types of vehicles. This is due to (i) high cost of
equipment, (ii) mechanical parts hampering reliability in the
form of wear, gimbals lock and ring lock (laser) and putting
restriction on maneuver, (iii) requirement of position correc-
tion by input from other type of Navigation Systems during
operation period to overcome integration drift.

[0007] Both the systems are unable to determine fluid (air
and/or water) movement data in the vicinity of the vehicle
through which the vehicle moves and effect of said fluid
movement on vehicle movement which is a very important
determinant for movement of vehicle through fluid (air and/or
water).

[0008] The shortcomings of Satellite based Navigation
Systems and Inertial Navigation Systems are overcome by
method and system of this new invention.

OBIECTS OF INVENTION

[0009] The primary object of this invention is to provide a
self contained onboard multifunctional Navigation and con-
trol guidance System to eliminate external influences induc-
ing error and reducing dependence on multiple external aids.

[0010] It is another object to provide a Navigation system
which fulfils all the four basic performance requirements i.e.
a Navigation aid which will provide (i) uninterrupted service
during complete operation period (Continuity), (ii) maintain
required quality all the time (Availability), (iii) will warn the
operator/crew in the event of failure (Integrity) and (iv) pro-
vide guidance within predefined (such as conformity to
Required Navigation Performance (RNP) for air navigation)
tolerance (Precision).

[0011] Animportantobjectisto compute spatial velocity of
the vehicle along body-fixed axes (longitudinal, lateral and
vertical) of millimetre (sub-centimetre) accuracy.

[0012] Another object is to determine speed, direction, ori-
entation of the vehicle with respect to surface of the earth and
for vehicles moving through fluid medium speed of the
vehicle relative to fluid medium.

[0013] An important object is to provide displacement
magnitude, rate of displacement and instantaneous geo-
physical position of the vehicle with provision for reliable
means for self-correction for drift integration error.

[0014] Another object is to compute relative or absolute
speed and direction of the fluid medium (air and/or water)
movement in the vicinity of the vehicle through which the
vehicle is moving and effect of fluid medium movement on
the vehicle electronically without pressure operated instru-
ments and without any part or portion of the system placed on
the external skin of the vehicle.

[0015] Another object is to provide these basic data and
data derived from these basic data to aid safe, efficient, eco-
nomic operation of all types of vehicles (air, surface, marine,
submarine and space) and providing guidance and control to
the vehicle from start to destination.



US 2015/0066240 Al

SUMMARY OF THE INVENTION

[0016] Autonomous Functional Aspects:

[0017] By Autonomous Functions is meant the functions

the system of present invention can perform in complete

isolation from any instrument or system whether located
onboard or outside of the user vehicle.

[0018] For user vehicles of all categories the common

autonomous functional aspects are as follows:

[0019] 1) One aspect of this invention is the system of this
invention has a self-contained sensor for sensing spatial
velocity of the subject vehicle along its longitudinal, lateral
and vertical axes.

[0020] 1ii) Another aspect is determination of momentary
position as well as orientation (yaw, roll, pitch angles) with
respect to earth’s surface and movement data of the mount
vehicle under all operating condition and anywhere around
the globe continuously in complete isolation from any
instrument or system external to the system of invention,
using the self-contained sensor output.

[0021] 1iii) Another aspect is, the sensor can compute rela-
tive movement data of fluid (air and/or water) in the prox-
imity of the user vehicle moving through the said fluid and
compute the effect of the said fluid movement on the
vehicle movement continuously.

[0022] iv) The system can measure any range of velocity in
either direction (forward or reverse) along each of the
spatial axis.

[0023] Inrespect of the preferred embodiment for use in air

vehicles and discussed in this disclosure, the autonomous

functional aspects are as follows:

[0024] 1) The system in its embodiment for use in air
vehicles can substitute all the following conventional pri-
mary flight instruments or PFD’s (in recent use) of air
vehicles i.e. Altimeter, Airspeed Indicator, Attitude Indica-
tor (Artificial Horizon), Magnetic Compass, Heading Indi-
cator/Horizontal Situation Indicator, Turn Indicator, Verti-
cal Speed Indicator and additional Panel instruments i.e.
Course Deviation Indicator, Radio Magnetic Indicator and
graphically display the relevant information provided by
the said panel instruments on a single visual display unit
numerically and/or non-numerically.

[0025] 1ii) Both course on ground (track) and mount vehicle
heading (along its longitudinal axis) will be provided
simultaneously and for both, heading indications with
respect to magnetic and true north will be graphically dis-
played as numerical reading in degrees.

[0026] iii)) In addition the information regarding vital
speeds will be indicated alongside TAS (True Airspeed)
graphical display. Wind direction and speed, wind vector
components, angle of attack and drift rate will also be
displayed.

[0027] iv) Another aspect of the present invention is it will
provide instantaneous position of the mount vehicle by
displaying position of the subject vehicle on moving map
display as well as in Coordinates (Longitude/latitude)
based on WGS-84 datum reference in a separate window.
The position information is also displayed in respect of
relevant way points on the said display unit.

[0028] V) Another aspect of this invention is to provide
Navigation and Control Guidance by providing a path (to
be followed as predefined) overlay on the said map display
and can generate offset path overlay too.

[0029] vi) One more aspect is that, the system will sense
initiation of drift instantaneously and help initiation of
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immediate corrective action in real time so that drift is kept
to minimum or negligible. Further, the system can measure
distance deviated from track and course correction
required to resume the track instantaneously. To facilitate
control movement for track alignment a group of informa-
tion is displayed. The group information comprises ground
speed, ground heading (track), off track distance, track
angle error, set course to, turn anticipation (with turn radius
calculation and determination of position of origin of turn
radius), indication for commencement and discontinuance
of turn and climb/descent instructions and a non-numeric
graphic display with an icon as aim figure for track align-
ment will make it easier for the crew to maintain track.

[0030] vii) The system of the present invention will gener-
ate a new path overlay on map as and when deviation from
predefined primary path is imminent and an alternate des-
tination pointis selected due to any emergency or any other
reason or due to selection of an offset track.

[0031] viii)) An important aspect is that the system of
present invention can generate a flight plan and edit the
same during flight without affecting normal operation.

[0032] ix) The system will compute distance and bearing to
any way point from aircraft position or from any other way
point and display the same.

[0033] x) The system will compute slant range and bearing
to any way point and display the same.

[0034] xi) The system enhances the easiness of controlla-
bility of the subject vehicle by providing displayed direc-
tion for speed adjustment required, altitude (climb/descend
t0), turn (to heading) directions and can feed. Automatic
Flight Control System (auto pilot) with data required for
controlling the vehicle.

[0035] xii) The present invention will provide Navigation
and control guidance for VFR/IFR flight rules as required.

[0036] xiii) Another important aspect of the present inven-
tion is to provide Approach and Landing Guidance of
Approach Category 1, 11, III and virtual ground controlled
approach (audio guided) of Precision Approach Radar
(PAR) type to aircraft for the runways around the world for
which longitude, latitude (coordinates based on W(GS-84
datum) Information is available.

[0037] xiv) The system of this invention can cater for any
shift in runway touchdown point and change in runway
usable length.

[0038] xv) The system of this invention will also provide
Navigation and Control guidance on the ground during taxi
out and taxi in phases of movement.

[0039] xvi) The system of present invention is not depen-
dent on any barometric or inertial navigation instrument or
earth referenced navigation instrument.

[0040] xvii) The system also provides the 4” Dimensional
i.e. solutions to Time related problems.

[0041] xviii) The system will comprise of a commercial
computer encompassing Real Time Operating System
(RTOS) for real time computation and derivation of related
data.

[0042] xix) The system will consist of a storage memory in
which digitalized maps, charts, navigation data, geo-physi-
cal data check lists and procedures will be stored.

[0043] xx) Provision of backup power supply unit will
enable the system of this invention to provide all the ser-
vices of autonomous function enumerated above even in
the event of power supply failure from main source of
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supply. Thus the subject vehicle will continue to have ser-
vice of the system and reach a destination safely.

Integrated Functional Aspects:

[0044] The system of invention, when integrated with
equipments on board the subject vehicle, can perform the
following functions too.

[0045] 1) Integrated with Automatic Flight Control System
(AFCS) commonly known as auto pilot, the system of this
invention can have dynamic control over pitch, roll and
yaw and thrust commands. Since the controlling inputs are
electronically generated the problem of violent response as
happens inthe event of vacuum operated instrument failure
is avoided.

[0046] 1ii) Integrated with digitalized data transmission/re-
ception of Air Traffic Network (ATN) or suitable commu-
nication means, the system of present invention will
enhance the Automatic Dependent Surveillance (ADS)
capability of Ground Controlling Agencies by providing
position and other required data as laid down by ICAO for
required surveillance performance (RSP) continuously.

[0047] 1iii)) Digitalised data transfer between aircraft
directly (ADS-B) or through ground establishment, will
provide full proof collision avoidance on ground or in the
air because of (i) high measurement accuracy in millime-
tres (linear displacement) and seconds (angular displace-
ment) per second (time) computed in real time, (ii) com-
putation of collision probability and point of prospective
collision (resolved 3-dimensionally) which will enable the
crew to take procedural avoidance method well in time to
prevent collision. Display of surrounding traffic on moving
map display (CDTI) will enhance traffic situational aware-
ness of the crew.

EMBODIMENTS

[0048] The system of new invention can be used in any type
of vehicle (air, surface, marine, sub-marine or space). The
sensor sub-system operation being same only computed
Navigation Aid data and Control data will vary to cater for
user specific requirement. Hence the embodiments for use in
different types of vehicles will substantially be same.

The Preferred Embodiment

[0049] The acronym for Autonomous Precision Navigation
is ‘APNA’ which, in Indian. National Language (Hindi)
means ‘my own’. The method of this invention provides an
onboard system which is truly ‘my own’ Navigation Aid for
the mount vehicles. To understand the principle and applica-
tion of the invention, embodiment for use in aircraft which the
inventor calls ABLAN (Airborne Landing and Navigation)
System will be explained. This embodiment is illustrated in
the drawings and specific language will be used to describe
the same.

[0050] Nevertheless, may it be understood that the scope of
the invention is equally applicable to other classes of vehicles
(surface, sub-surface, marine, submarine or space) too for
solving navigation, control and safety related problems of
those classes of vehicles as it would normally occur to a
person skilled in the art to which the invention relates.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1 Shows a hardware architecture of the system.
[0052] FIG. 2 A Depicts the principle of movement sensor
(static condition)

[0053] FIG. 2 B Depicts the principle of movement sensor
(dynamic condition)

[0054] FIG. 3 A Shows the body fixed axes along longitu-
dinal, lateral and vertical directions of the mount vehicle.
[0055] FIG. 3 B Shows the dynamic Geophysical axes in
three dimension.

[0056] FIG. 3 C Shows the combination of body fixed axes
of FIG. 3 (a), and dynamic Geophysical axes of 3 B.

[0057] FIG. 4 A Shows primary movement sensor Anten-
nae layout along three spatial axes.

[0058] FIG. 4 B Shows additional movement sensor Anten-
nae for computation of wind direction, speed and component
vectors.

[0059] FIG. 5 Shows hardware architecture for movement
sensor data computation.

[0060] FIG. 6 Shows transformation of spatial movement
data (forward) to Geophysical movement data (forward and
vertical) under without bank condition.

[0061] FIG. 7 Shows the same transformation of FIG. 6
under bank condition and determination of pitch angle and
bank angle.

[0062] FIG.8 A Shows method for calculation of horizontal
movement vector along dynamic geophysical (OX) axis.
[0063] FIG. 8 B Shows method for calculation of speed
along vertical (OZ) axis.

[0064] FIG. 8 C Shows method for calculation of speed
along lateral (OY) axis.

[0065] FIG. 8 D Shows method for calculation of yaw
Angle and ground speed.

[0066] FIG. 9 A Shows method for calculation of turn
anticipation and radius (fly by).

[0067] FIG. 9 B Shows method for calculation of turn
anticipation and radius (fly over).

[0068] FIG. 10 Shows the Avionics section of display.
[0069] FIG. 11 Shows display of information of all sections
except Avionics Section.

[0070] FIG. 12 Depicts the single screen display of primary
flight data, navigation and control guidance and other infor-
mation.

[0071] FIG. 13 A Shows method for computation of visual
display for LNAV during approach.

[0072] FIG. 13 B Shows method for, computing visual
display for VNAV during approach.

[0073] FIG. 14 A Shows method for computing audio guid-
ance for LNAV during approach.

[0074] FIG. 14 B Shows method for computing audio guid-
ance for VNAV during approach.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0075] FIG. 1 depicts the hardware structure of the system
of'the new invention. It has a sensor sub-system (4) compris-
ing transmitter and receivers for sensing 3-dimensional
velocity of the mount vehicle and of fluid (air and/or water) in
the vicinity and processor for computing the said data. The
outputs of the sensor are fed to the CPU (5) of a commercial
computer. The said computer encompasses real time operat-
ing system (RTOS) and high level language. It derives the
instantaneous movement data and orientation of the mount
vehicle using spatial velocity derived by sensor sub-system
and instantaneous position information by dead reckoning
using derived displacement information. Digitalized map
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data and navigation data stored in the memory, facilitate
control guidance, flight plan generation and compute terrain
clearance. The derived information is graphically displayed
on a single screen (1). The crew has option to use key-board
(7) to use the computer for retrieving stored information/
chart/checklist etc. for ready reference and assembling/edit-
ing flight plan. Provision of back-up power supply (6) ensures
uninterrupted operation of the system even in the event of
failure of main power source. The sub-sections of the system
discussed so far are meant for stand-alone autonomous func-
tion. Integration with Automatic Flight Control System
(AFCS) (2) enables the system of present invention to have
dynamic control over the subject aircraft. Integration with
Communication Network (3) for digitalized data transfer
with traffic elements and ground stations for Air Traffic Man-
agement (ATM) will enhance Automatic Dependent Surveil-
lance (ADS), traffic flow management capability and ensure
full-proof operational safety (ACAS-I &I1) on the ground and
in the air.

Principle

[0076] As shown in FIG. 2 A, EM (radio) wave travelling
from a transmitter antenna (8) to a receiver antenna (9), both
mounted and fixed on the vehicle and aligned to its principal
axes (longitudinal, lateral or vertical) have the constant sepa-
rating distance (S,) (10) and during movement their spatial
velocity in the direction of the principal axes will be same as
that of the mount vehicle. EM wave has absolute velocity
(V) and is equal to 3x10° Km/Sec. i.e. 3x10'° Cm/Sec
(The approximate value is taken for explaining the invention.
However the actual value of 299999.998 Km/Hr will be used
for computation of data in actual system). Every EM wave
will take a constant time (t,) (11) to travel through space from
Tx. Ae. (8) to Rx. Ae (9) when the vehicle is static.

[0077] As shown in FIG. 2 B, when the mount moves at a
velocity of V,, Km/Hour in the direction of Rx. Ae., even
though (S,)(10) remains unchanged, a wave travelling from
Tx. Ae. (8) to Rx. Ae. (9) will have to traverse an additional
distance (AS)(13) which is the distance travelled by the mount
in (t,) (11) Sec. Now, instead of (t,,) (11) Sec the time taken by
EM wave to travel from Tx. Ae. (8) to Rx. Ae. (9) will
increase. Let the additional time be (At) (14) Sec. Similarly,
movement in opposite direction will cause reduction of dis-
tance by (AS) and time taken by (At) Sec. Thus, spatial veloc-
ity of the mount V,, is reflected in the Rx. Ae. (9)

[0078] The fact will give rise to a difference in number of
waves (cycles) received during movement as compared to
number of waves that would have been received if the mount
were in static condition in a certain time frame. Let this
difference in no. of cycles in the given time frame be Af. Af
is a dependent function of Vm. Hence, mount velocity along
spatial axes can be computed when Af is determined.
[0079] For the purpose of compution, we will relate Af=1
cycle to V, =1 Km/Hour. (It may be noted that we can adopt
whatever conversion ratio is convenient for the mount in
consideration and unit of measurement can also be chosen to
meet the user’s requirement).

Basic Equations

[0080] Let, distance between Tx. Ae. and Rx. Ae.=S, Cm.
Time to traverse (S,) Cm by EM wave=t, Sec.
Frequency of EM wave=f Hz.
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Mount Velocity (V,,)=1 Km/hour
[0081]
S, S, S, (0
-2 __"° _Z° —10
= Vor = 3% 1000 3 x 107" Sec.
AS =10 X Vy;(in Cm/Sec) 2)
S 1010 10° c
=3 X0 X ™
_Sox107
08
AS 3)
Ar=
VEm
_ 5,x1077
T 108x3x 1010
= i x 1077 Sec. (for one cycle)
324 )

1 4
For frequency f Hz, duration of one cycle(p.d) = — Sec. ©®

!

[0082] The cumulative delay ZAt to be equal to 1/f Sec. so
that Af=1 cycle, we are to cumulate time delay for

1 324 x10Y7 (&)
fxAr = Sox f Cycles

1
— +At)Cycles =
( !

[0083] ZAt for no. of cycles in equation (5) based on V, ~1
km/hr is the required time-frame (t.) where,

L L 3Ax 107 304x107 ©®
ST Soxfxf  Soxf?

[0084] Equation (6) is the duration (t,) for which it is
required to count the received cycles to relate Af (cycles):

v :
()

1:1 i.e., Number of cycles directly reads spatial velocity (in
Km/Hour) along the axis in consideration.

[0085] When measured from time O (zero) of time frame
(t.), for movement in the direction of the Rx. Ae. or opposite
to it in the time frame of equation (6), number of pulses
received will be equation (5) +n where n=V,, in Km/Hour.
The value of (n) is (+) positive for movement in the direction
of the receiver antenna and (-) negative for movement in the
opposite direction. However, the method requires an abso-
lutely stable carrier frequency because even a single cycle
deviation will not be acceptable and as is well known in the art
such standard is not possible to achieve. To overcome the
difficulty a new approach is introduced in this invention.
Frequency stability may not be achievable but a pulse of
representative duration (t.) can be made stable. A pulse of
duration
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ec.

will represent the time frame for which the carrier waves be
modulated and instead of counting cycles the propagation,
delay of the time frame will be measured accurately by time
to digital converter (TDC) of the processor of the sensor. The
ZAt thus computed when divided by pulse duration of one
cycle of the predetermined frequency ‘f” based on which t_is
determined, the quotient will directly read velocity in kilo-
metre per hour along longitudinal, lateral or vertical axis of
the vehicle. The other movement data like orientation, dis-
placement, rate of displacement, instantaneous position and
many more in respect of the vehicle can be derived using thus
computed spatial velocity of the vehicle as has been shown in
this disclosure.

Spatial 3-D Velocity of Mount

[0086] In the preferred embodiment for disclosure of this
invention which is to be used in aircraft, the system function
is enumerated herein.

[0087] As shown in FIG. 3A aircraft like any other vehicle
has three principal body fixed axes, viz. longitudinal ((TA)

(15), lateral (OB) (16), and vertical (OC) (17), and they are
spatial in nature. These axes are different from axes oriented
on Geo-physical plane which have dynamic co-ordinates

— — —
along OX, (18) OY (19) on horizontal plane and OZ on
vertical plane as shown in FIG. 3B. The word dynamic
denotes that the geophysical axes are not fixed to any direc-
tion rather they are projection of spatial axes of the vehicle on
earth’s surface such that X and Y co-ordinates move in align-
ment with corresponding body fixed axes and Z co-ordinate is
orthogonal to the horizontal geo-physical co-ordinates. The
origin of these two frames is same as shown in FIG. 3C.

[0088] As shown in FIG. 4A an omni-directional Tx. Ae.
(22) is placed at the origin and on each of the three principal
axes of the vehicle or on lines parallel to principal axes and at
an angle 90° to each other a Rx. Ae. (23, 24, 25) is placed at
a distance (S,) from the Tx. Ae. (22).

[0089] As shown in FIG. 5, a crystal controlled local oscil-
lator (33) feeds the Tx. Ae. (22) through a modulator/driver
(34) for a duration of equation (6).

[0090] Since all the sensor processing channels are identi-
cal, only function of one channel (as shown in FIG. 5) will be
explained.

[0091] The very low power transmission of EM (radio)
wave is received at corresponding Rx. Ae. (23, 24 or 25).
Receiver (37) receives the time frame pulse the propagation
time delay of which is proportional to spatial velocity of the
mount along the axis. The received pulse is amplified (37),
detected (38) and compared to the original modulating, pulse.
The time difference between trailing edges of the two pulses
is measured using Time to Digital Converter (TDC) (39). This
is the time delay ZAt which when divided by 1/f sec gives
mount velocity in kilometers per hour along the axes on
which Rx Ae is mounted. Spatial Velocity processor (40)
carries out this processing and gives output (41). This output
is fed to CPU of computer which carries out mathematical
calculations to compute data for aiding navigation and control
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of'the vehicle and generate numeric/non-numeric graphic for
display of information on VDU.

[0092]
Longitudinal axis - - - SV
Lateral axis - - - SV,
Vertical axis - - - SV,

[0093] These outputs of sensor sub-system are spatial
velocities of the mount vehicle along respective body fixed
axis and gives direct numerical values in Km/Hour.

[0094] Clock pulse generated by ck pulse gen (35) synchro-
nises the operation of Tx, Rx and processor and other sub-
systems. Modulator pulse generator (36) generates main
modulating time frame pulse and test pulse.

[0095] It may be noted that for the purpose of computation
of'spatial velocities in 3-Dimension, the sensors may be a pair
of Tx-Rx using radio, laser or any such travelling EM waves.
The basic computation principle will stand good. The pre-
ferred carrier for this invention is radio wave as the hardware
for the system will be cheap and the actual carrier frequency
being irrelevant for the purpose of computation of velocity, a
suitable allotted navigation aid frequency can be used.

[0096] The unit of measurement can be converted to user

specific unit e.g. knots and feet per minute which is the case
for embodiment for use in aircratft.

[0097] Transformation of Spatial Velocity to Velocity
Along Geo-Physical (Horizontal & Vertical) Co-Ordinates:

[0098] FIGS. 6 & 7 shows method for determining 3-di-
mensional velocity along geo-physical axes and also method
for computing yaw, roll and pitch angles.

[0099] Derivation of required information is obtained by
using well known Mathematical formulae. Trigonometric
relations have been used for computation for explaining this
invention. However, as it would normally occur to a person
skilled in the art that the problems in issue can be solved by
using vector algebraic method, 3-D co-ordinate geometry and
matrix algebra as well.

[0100] Determination of Horizontal and Vertical Compo-
nent of SV and Pitch Angle.

Let, the sensor output (spatial velocity SV) be along

.
[0101] As shown in FIG. 6, Let OA (15) representing SV ;

be inclined to (5? (18) the X-coordinate of geophysical plane
by 0,° (21), where 0,° is the pitch angle.

[0102] Let (?1; (48) (=F) be the horizontal component of

— — —
SV; along OX (18), F being velocity along OX (18) on
Geo-physical plane.

—=
Hence, F=(SV;)Cos 0, (7

[0103] Let, (TE> (49) (=V) be vertical component of S_>Vf

along (TZ> (20), V being velocity component along (TZ>
(20) the Z-coordinate of geophysical plane.

Hence, P=(SV;)Sin 0, ®
[0104] Since, sensor Rx Ae along (TE (17) of aircraft is also
tilted from (TZ> (20) by 6,° (21) (Pitch angle) on the same
plane, S_\>7v is a projection of V' (eqn.-8) and

S —
SV,~(SV)Sin 6, Cos 0, ©
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[0105] As shown in FIG. 7, on bank of angle 6,° (50), S_\>7v
becomes a projection of equation (9) on a plane orthogonal to
plane AB and in that position

SV,~(SV;)Sin 6, Cos 6, Cos 6, (10)
[0106] From equation-10
) Wv (11
Sinf; Cosfy = —
SV Cost,
4 25V,
=> 25inf;Cosf) = —
SVfCOS@z
4 25V,
=> Sin2f = —
SV Cost,
1., 28V,
=> 0 =S ———
SV Cost,

Determination of Bank Angle.
[0107] As shown in FIG. 7, With bank aircraft attains a
lateral movement along (i? .

[0108] Let, the lateral velocity be L. along (i? .
[0109] This can be resolved into two components along

sensors placed on (TB? (16) and (TC> (17) during bank and LL
(51) makes an angle 6, (50) equal to angle of bank with sensor

placed along (TB? (16) such that component

along OB, SV, =L Cos 6, 12)
and along OC, SV, =L Sin 6, 13)
[0110] From equations, (12) and (13),
» rw (14)
Angle of Bank, 6, =tan —
sV,

Speed on Geophysical Plane.

[0111] Resolving the spatial velocities along (TA(SVf),
— — —
OB(SV,) and OC(SV)) into components along OX(F),
(i? (L), and (?Z(V ) respectively we get,

F=SV; cos 0,(FIG. $a) (15)

V=8V, sin 0,+(SV, Cos 6, Cos 0,-SV, Sin 0,)(FIG.
80) 16)

L=SV, Sin 6,+SV, Cos 8,(FIG. 8¢) an

Accuracy of Velocity Measurement:

[0112] ZAt=pulse duration (p.d.) of one cycle represents
minimum discernible velocity (predetermined) which I have
taken to be (for the purpose of explanation) 1 (one) Km/hour.
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Also for the purpose of explanation whatever calculation has
been derived are based on Tx Ae. to Rx Ae. distance S;=3 cm.
Use of Time to Digital converter (TDC) of 10 Pico-second
resolution, which is commercially available, for time delay
measurement enhances the discernibleness. For example, for
reference frequency 1 GHz, the cumulated time delay of 1
nano-second represents 1 Km/Hour velocity and 10 p-sec
resolution of TDC will enhance measurement accuracy to
0.01 Knm/Hour i.e., 2.777777778 millimetre per second. For
10 GHz reference frequency the enhanced accuracy is 0.1
Km/hour 27.77777778 millimetre per second. Availability of
TDC of better resolution will further enhance the measure-
ment accuracy.

[0113] Determination of Position:

[0114] Position displacement ‘S’ is obtained by multiply-
ing Pulse Repetition Period (PRP) with Average Ground
Velocity (GS ;) for the duration of PRP. The ‘S’ value is
added to previous position in the craft track direction to obtain
current position. The position information is provided in lon-
gitude and latitude (based on WGS-84 datum) and by display
of craft icon on a moving map wherein movement of moving
mayp is proportional to displacement of the craft. The conver-
sion of bearing and distance information to co-ordinate and
vice-versa is obtained by using Vincenty’s formula which
provides positional accuracy in millimeters.

GSp + GSc (18)

GSay = 3

GS,=Ground Velocity at the end of previous PRP

GS_=Ground Velocity at the end of current PRP

Position Accuracy:

[0115] It is proposed to have two sets of sensor for deter-
mination of position and correction of integration drift error.
[0116] Thefirstsetisbased on 10 GHzreference frequency.
This set is meant for computation of instantaneous 3-D veloc-
ity and derivation of instantaneous movement data. Determi-
nation of current position will be carried out based on the data
of this sensor output. At the end of 11 second period the
position will be corrected by using data provided by the
second set of sensor. The PRP of the first set sensor will be
125 millisecond and fix rate is 8 per second. Minimum dis-
cernible velocity for 10 GHz reference frequency is 0.1 km./
hr. Hence minimum discernible displacement per PRP (125
milli-second) is 3.472222222 millimetre. Maximum Error
Probability for delay time measurement based on 10 psec
resolution of TDC and 100 psec (pulse duration for one cycle)
reference is 9 psec per PRP. Based on this assumption error
probability for displacement measurement per PRP is 3.125
millimetre. This will result in a maximum drift integration
error of 90 metres/hour (0.09 Kmv/hr i.e., 0.048 NM/hr) in the
directions along track and cross track. For the embodiment to
be used in aircraft, this itself allows for more than twenty
hours of route flying in any airspace conforming to RNP-1
norm i.e., containment in *1.85 Km (1 NM) envelope.

Self Correction of Positional Error:

[0117] As it is intended to use the embodiment for air
vehicle for non-precision approach as well, a second set of
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sensor is introduced for drift error self correction. The second
layer sensor is based on 1 GHz reference frequency and 10
psec TDC resolution. Its PRP is 11 secs and for ZAt measure-
ment error probability of 9 psec per PRP, displacement mea-
surement error is 2.75 cm as against 27.5 cm. drift error for 10
GHz reference frequency over 11 sec operational duration. So
position error drift corrected every 11 seconds will reduce
error margin by 10 times. The drift error per hour based on 1
GHz reference frequency is 9 mtrs.

[0118] A further correction following the below described
method will reduce drift error to almost zero (negligible)
magnitude.

[0119] Fix rate per hour based on 1 GHz reference fre-
quency is 327. When 2At for every PRP (11 secs) are inte-
grated for 327 PRPs and compared to sum of TDC measured
delay over the same time period, the difference gives the time
measurement error which converted to displacement error
will restrict the drift error to 2.75 cm. The same principle can
be practiced for any operational duration and the equipment
error for position determination is a maximum of 2.75 cm. at
the beginning of a non-precision approach to any runway.
[0120] The above mentioned reference frequencies are
given as example and will be set, keeping operational require-
ment of various types of vehicles in view.

Integrity Check:

[0121] The gap (quiescent period) between transmission of
time frame pulses is enough to process the corresponding
received pulse as well as to inject a test pulse of predefined
duration and the corresponding received pulse for the test
pulse is processed and compared with predefined values at all
appropriate levels of processing to check reliability of every
sub-system stage. Thus integrity check of the system is
ensured prior to every time frame pulse processing. In the
event of failure for predetermined number of consecutive
time frames appropriate failure indication will be displayed
and audio warning will be given.

Primary Flight Data
[0122] True Air Speed:
[0123] The vector sum of value of Spatial Velocity along

longitudinal axis of the aircraft (SV ) and wind vector along
longitudinal axis is True Air Speed (TAS) of aircraft in
Km/Hour. (Eqn.-29).

[0124] Ground Speed:
[0125] Ground speed of aircraft is
G.S.=V F?+I? Km/Hour (FIG. 8D) (19)

Aircraft Heading/Ground Heading:

[0126] ABLAN can deduce both course and track heading
by DR (dead reckoning) from an initial setting. The system
can also deduce true and magnetic heading simultaneously.
Both the headings are initialized either at start up point or
line-up point on the runway. The readings are updated at the
end of duration of every time frame pulse and no further help
from external source is required after initialization for the rest
of the operation period.

[0127] For updating of ground heading the following
method is followed. Value of SV, sin 6, cos 6, is compared to
that of SV, for wings level condition.

[0128] If not equal—ground heading and aircraft heading
are updated by +0,°.
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(Fig. 8D)
6y =tan & G0
F
[0129] If found equal—L value is checked.

[0130] IfL=0, then no drift. Hence, no change in ground or
course heading is required.

[0131] If L=0, then drift is present. Drift warning in the
form of flash of light under attitude indicator (125 or 127),
displacement of aim figure in track alignment indicator (156)
proportional to off track displacement (as in FIG. 10),
numerical display of off track distance (159), numerical dis-
play of track angle error (158), corrected course (required to
steer) (160) (as shown in FIG. 11) are provided. On confir-
mation of drift condition, ground heading read out is changed
by £0,° and aircraft heading read out is not changed.

[0132] Second counting time period (PRP) onwards 6 of
previous counting period is compared with 0, of current
counting period.

[0133] If6; (Previous)=0; (current), ground heading is not
changed.

[0134] If 6, (Previous)=0; (current), ground heading is
updated by

[0135] 0O, (Previous)~0, (Current).

Altitude:

[0136] Initial setting is done at Runway lineup point. Alti-

tude reading is checked and if required corrected and set to
runway AMSL (data retrieved from stored data) altitude.
Thereafter the reading is updated at the end of duration of
every time frame pulse in accordance with vertical displace-
ment per PRP. No external reference is required thereafter
during operation duration at any stage.

Rate of Climb/Descent: (Vertical Speed: VSP)

[0137] V wvalue (equation-16) is vertical velocity in
Km/Hour. Hence, Vx54.68066492 gives the rate of climb/
descent in feet per minute. Positive value is indicative of
climb and negative value is indicative of descent.

Angle of Climb/Descent
[0138]

I 4 @
tan 7 gives the angle of climb and descend

(Pitch Angle)

[0139] Equation-(11) gives the pitch angle of the craft.

Bank Angle (Roll Angle)

[0140] Equation-(14) gives the bank angle.

Rate of Turn (Yaw Angle)

[0141]
[0142]

Eqn.-(20) gives the rate of turn.
Turn Anticipation and Turn Coordination:
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[0143] Turn alert prior to arriving at the way point pre-
defined for entering into turn is preset and warning is given by
visual as well as audio means.

[0144] For ‘fly by’ turn (FIG. 9A), the predefined way point
to enter turn is point (J) on current track, selected ahead of the
intersection point (K) of present segment with segment to
follow. For ‘flyover’turn (FIG. 9B), the predefined point is the
point of intersection (K) itself. To follow the centre line of the
track during turn, a turn radius is determined (if already not
notified by ATS route designator). The coordinate of the ori-
gin (O0") of radius is determined. The turn radius (R) to the said
origin is maintained during the period of turn.

[0145] Location of Origin of Turn Radius:

[0146] For fly by, the origin (O") is a point located in a
direction of 90° to the track heading and in the inner side of
the turn and is at a distance R from the entry way point (J)
where,

R:Arm+tan(§) 22

[0147] And arm length is the distance between the point to
enter turn (J) and the point of intersection (K) of two segments
and ¢ is the angle difference between present track (JK) and
track of the following segment (KL).

[0148] For fly over, the origin (O'") is a point orthogonal to
the current track (JK) and is at a distance R from the point of
intersection (K),

And R=KM sin ¢ 23)

[0149] Arm length (KL)is the distance between the point of
intersection and a point (L) selected on the track (KL) of the
following segment point ‘IA’ being mid-point of KL..

[0150] The Arm length and turn radius (R) will depend on
the type of aircraft.

Wind Vector:

[0151] To determine Wind direction, speed and compo-
nents of wind vector along longitudinal, lateral and vertical
axes the computation procedure is as follows.

[0152] Craft moving through air will be subjected to two
types forces; self generated thrust and wind vector. Along
each body fixed axes, these forces will cause spatial velocity
for the craft.

[0153] Let the velocity components due to self generated
thrustbeV.i.e. V-, -along longitudinal axes, V, along lateral
axis and V, along vertical axis.

[0154] Similarly the wind vector will have spatial velocity
components along each of the body fixed axis of the craft. Let
V ,-1s the wind vector in the vicinity of the air vehicle. V,, is
component of V;,on plane AB (horizontal plane) and V., is
component of V; on plane BC (vertical plane). f§ & y are the
angles made by spatial velocity components of V , with plane
AB and plane BC respectively.

So, Vyyr=Vy-cos B

And Vy=Vy-cosy

[0155] FIG.4B.

[0156] V,,, makes an angle T with OA (longitudinal axis).
Vs 18 resolved into two components. One component is
along longitudinal axis. Its value is V4 cos T. The other is
along lateral axis of the air vehicle. Its value is V ;4 sin T.
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[0157] Thesensor receiver along OA gives out put SV. Itis
vector sum of True Airspeed V., and component of V.,
along longitudinal axis.

SV =V5ys+Vpz cosT (24)
[0158] The sensor receiver along OB gives out put SV,. Itis
vector sum of V; and V;,, sin T.

SV =VVygsint (25)
[0159] Similarly along OC,

SV, =V +Vy-cos O (26)
[0160] As shown in FIG. 4B two sensor Rx Aes (27, 28),

each placed at a.® (clockwise) to SV and SV, sensor Rx Aes
(23, 24) respectively help compute wind vector components
along longitudinal axis and lateral axis respectively. Let the
outputs of these two sensors be S, and S, respectively and
they are in the same unit of measurement as that spatial
velocity of the craft.

[0161] The computations are done using the following
equations.

Wind Vector Components:

[0162] For wind speed of V., Kms/Hour blowing towards
a direction at T° (clockwise) to aircraft heading, component
along longitudinal axis,

Viyzr cos T=(S; cos a-S; sin a)-SV cos 2a 27)
[0163] And component along lateral axis,

Viyzr sin T=(S| sin a+S; cos a)-(SV A4SV sin 2a) (28)

Vias=SV Vg cos T (29)
[0164] Drift:
[0165] Eqn.-17 gives drift rate.

Wind Speed on Horizontal Plane

[0166]
(Vwy) = \/ (Vwgcost)? + (Vipysint)? S
= an! Vwycost 31
- Vg sint

Direction of wind (Wind from direction)=(Aircraft
heading w.r.t. true north+t)+180° (32)

[0167] Ifvalue exceeds 360°, then 360° is subtracted from

the sum.

Course Correction for Drift Elimination:

[0168] Let, ‘a’ be the present heading of the craft and ‘w’
the wind towards direction. Then course correction required
for maintaining the desired track is

Viygsin(w — 33
Course correction Angle: Aa = sin™! M 33
Vras

Course to steer: ¢ = w—(a + Aa) (34)

[0169] Similarly, other two additional receivers S; & S,
with antennae aligned on vertical plane at an angle of o with
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respect to receiver antennae (28, 29) will help compute wind
vector component on vertical plane and along OC. Compo-
nent along OC,

Vi cos 0=(.S; cos a—S, sin a)-SV,, cos 20 (36)

and orthogonal to it on the game plane,

Vysino = (S3sina + Sycosa) — (SV; + SV, sin2a) (37)
Vy = \/(vacoso')2 + (Vyyysino)? S
_; Vwycoso 39
o =tan -
Vwysino
[0170] However, keeping economy, space and operational

requirement in view the receivers S; & S, may not be used.
For zero pitch angle and wings level condition SV, gives the
wind component along OC and path angle correction for
maintaining predefined height can be calculated from com-
puted angle of climb and descent (eqn.-21). These extra sen-
sors are required for air, marine, sub-marine vehicles i.e.
vehicles, moving through fluid medium and not for other

types of vehicles.
[0171] Angle of Attack:
[0172] Angle of Attack is difference of Pitch Angle (Eqn.-

11) and Angle of Climb/Descent (Eqn.-21).

[0173] Track Angle Error (TAE):

[0174] Itis the difference between desired track and actual
track. Hence, it is the angle between bearing to next way point
from current craft position and present track heading.

Off Track Distance:

[0175] Direct Segment:

[0176] Angle between azimuth from next way point to cur-
rent craft position and reverse direction of route segment is
determined. Distance from current craft position to next way
point is determined. Let, the angle be d and distance h. So, the
perpendicular distance to the desired track i.e.,

Off Track Distance is p=/ sin & (40)

[0177] During Turn:

[0178] Difference between Turn radius (eqns.-22 and 23)
and actual distance to origin of the turn computed from craft
position coordinate and coordinate of origin of turn radius
gives the Off Track Distance during turn.

Display

1. Avionics (FIG. 11)—

[0179] The conventional panel instruments are substituted
by graphical display. The names are only suggestive of cor-
responding conventional panel instrument function.

[0180] Failure Indication (101):

[0181] Gives out light flash to indicate a failure condition.
Details of failure are enumerated under warning details (146)
[0182] Heading Indicator (102):

[0183] Aircraft true and magnetic heading are numerically
displayed in the marked boxes.

[0184] Airspeed Indicator (103, 105 & 112):

[0185] TAS is numerically displayed (103). To the right of
Attitude indicator (104) the True Airspeed (TAS) Bar (105) is
displayed. A vertical Bar with a horizontal arrow on its head
moves on the scale on which vital speeds for various status of
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flight such as stall, max endurance, maximum distance, nor-
mal and maximum limit speeds are marked. To the right of
and attached to the TAS bar is a slender vertical bar that
indicates the prospective TAS in next five seconds and the
prospective TAS (112) is displayed numerically below the
TAS bar (105).

[0186] Attitude Indicator (104):

[0187] It is located at centre of Avionics Section. The air-
craft icon is at the centre of it. The graphical look is same as
conventional Attitude Indicator. Level of horizon is indicated
by two straight lines each in line with either of the wings of the
icon. The attitude of the aircraft is indicated by position of the
aircraft icon for bank, climb and descent with respect to
horizon.

[0188] Wind Vector (106):

[0189] Instantaneous relative Wind direction and speed
(107), Angle of Attack (108), wind vector components along
longitudinal axis (109) and along lateral axis (110) as well as
drift rate (111) are numerically displayed.

[0190] Turn Indicator (122):

[0191] Turn rate in degrees/second is displayed numeri-
cally.

[0192] Bank Angle (123):

[0193] Accurate bank angle to left or right is displayed.
[0194] Turn Coordinator:

[0195] Three lights are placed below the attitude indicator

to indicate whether path on the turn segment is actually fol-
lowed or not. The centre light (126) gives on path indication.
If deviating to inside of the turn then the light to turn side
(125/127) comes on and when deviating outwards (opposite)
to turn side the light opposite to turn side (125/127) comes on;
the later being a sure indication for skid condition.

[0196]
[0197] All information related to vertical movement and
position are displayed below the Attitude Indicator (104).
Angle of climb/descent (118), Vertical Speed (119), Altitude
(121), terrain obstruction height on track heading (116),
Clearance height over obstruction (115), vertical inclination
indicator (113, 114) to indicate whether the craft is moving
with zero climb/descent angle or positive or negative angle
indicated by the position of the arrow with respect to the
point. In the path alignment indicator (120) an icon moves in
proportion to vertical height offset from predetermined
height planned and by moving controls to bring the icon to
cross ensures correct vertical path position for the craft.

Vertical Information:

2. Navigation Information: (FIG. 11)

[0198] Position Information:

[0199] Position of aircraft (128) in longitude and latitude,
position of next way point (129) in longitude and latitude and
in terms of bearing and distance from aircraft present posi-
tion, position of alternate runway (130) (airfield) for the cur-
rent route segment in bearing and distance from aircraft cur-
rent position. Also, the current position is displayed in
moving map display section (154)

[0200] Time Information (133):

[0201] Time related to take off airfield (134), last way point
(135), next way point (136), 2" way point (137) are displayed
numerically. The times to be displayed are take off time (138),
time elapsed since take off (139), time over last way point
(140), time elapsed since crossing last w/p (141), ETA over
next w/p as per flight plan (142), present estimate of time over
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next w/p (143), speed adjustment required to meet ETA
(planned) at next w/p (144), similar information for 2" next
w/p (145, 146 & 147).

3. Control Guidance: (FIG. 11)

[0202] Horizontal Control Guidance (157):

[0203] The control guidance information is meant to pro-
vide guidance to the crew for maintaining a predetermined
track. The information provided are direction of ground track
(true and magnetic) (155), ground speed (157), Track Align-
ment Indicator TAI (159) which has an icon to indicate hori-
zontal displacement from track and the crew of the craft can
take the icon as aim figure to be kept on the cross to be on the
centre line of the track, Track Angle Error TAE (161), off
track distance (162), heading correction/course to steer for
maintaining track) (163). The information windows (164)
and (165) are also meant for control guidance to the crew,
hence placed under this group.

[0204] Turn Anticipation, Commence and Level Off Indi-
cator (164):
[0205] trn flashing is meant to indicate aircraft is approach-

ing way point to enter turn, com flashing indicates to com-
mence turn and out flashing indicates to level off. The box is
meant to provide turn direction (left/right) and roll out head-
ing numerically.

[0206] Climb/Descent Anticipation, Commence and Level
Out Indicator (165):

[0207] Either of “cl’ or “ds’ of cl/ds flashes to alert approach
of w/p to commence climb or descent, com flashing indicates
to commence climb or descent, and out flashes to indicate to
complete manoeuvre. The box is meant to provide level out
altitude. Path Alignment Indicator PAI (120) in FIG. 10, is
also a control guidance facility for maintaining predeter-
mined altitude by keeping the aim figure at the cross.

4. Additional Information and Aid:

[0208] Communication (155):

[0209] Route (main and stand by) communication fre-
quency and ATC communication frequency and station iden-
tity are displayed.

[0210] Flight Plan, Check List & Other Reference Informa-
tion (152):
[0211] Complete Flight Plan with ‘From-To’, way points,

alternate runways information are displayed. The next w/p is

highlighted. So is the alternate runway for the current route

segment in which the craft is flying. It facilitates pre flight
loading of flight plan as well as editing flight plan during
flight without disturbing the normal operation. The crew can

select ‘check list’ and desired checklist as selected from a

sub-menu will be displayed in the same window, other refer-

ence information will be available on the same window upon
selection.

[0212] Warning (151):

[0213] As and when a failure or otherwise warning condi-

tion arise the flashing light draws attention of the crew and

brief detail of warning is displayed.

[0214] (i) Drift (ii) Collision (iii) Weather (iv) Any warning
from ATS (v) Equipment failure etc. are conditions for
warning.

[0215] Advice (150):

[0216] Advice received from Air Traffic Management

(ATM) agency through data link as well as those self gener-

ated are displayed here.
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5. Navigation from Start to Destination:

[0217] Navigation and control guidance during Taxi out,
Line up and departure (SID), Route and STAR (standard
arrival) segments are facilitated by display of aircraft icon at
the centre of appropriate map displayed (154) depicting cur-
rent aircraft position and movement of map/chart in propor-
tion to aircraft displacement and through graphical display of
information as given under ‘control guidance’, position and
time section. FIG. 12 depicts display of Avionics, Navigation,
Control and Additional Information on a single screen.

Non Precision Approach:

[0218] Landing Guidance:
[0219] ABLAN System provides two types of non-preci-
sion landing guidance simultaneously.

[0220] (i) Screen displayed guidance

[0221] (ii) Interactive Voice Response (IVR) system audio
guidance.

[0222] Eachisself sufficient to provide non-precision land-

ing support of category 1, Il and IIT and is independent of the
other. ABLAN System can cater for any temporary change in
TDP position and usable length of the runway in use which
can be set manually after receiving ATC advice or NOTAM.
[0223] Screen Displayed Guidance:

[0224] The normal subject centric moving map display
(154) continues. An extended centre line starting from R/W
touchdown point coordinate with arrow head at TDP is dis-
played on moving map display (154) for reference as track to
be aligned with.

[0225] The approach and landing aid window opens to the
right of the Moving Map Navigation window (154) in the
horizontal control guidance window (157) with Runway

heading up map display.
[0226] FIG. 13A.
[0227] It has display of (a) R/W icon (56) with marked

touchdown point (58), (b) runway area landmarks and
obstructions—and (c) an extended centre line (63) starting

from R/W touchdown point.
[0228] Track Guidance:
[0229] All that the pilot has to do is to follow the extended

center line (63) as track by aligning aircraft icon (64) with it.
The Approach fixes, initial (62), intermediate (61), final (60)
and missed approach point (59) are marked on the extended
centre line.

[0230] Path Guidance:

[0231] FIG. 13A shows theicon ™ 1~ (57) generated at the
point where the aircraft will touch the ground if present glide
angle and rate of descent is maintained. The pilot has to adjust
rate of descent so that the blank of the icon — 17 (57) aligns

with the TDP marker ‘¢ (58)on track to give this view (7§ ).
[0232] Position of craft on path is determined by following
method. As shown in FIG. 13B T (66) is the present spatial
position of the aircraft. The corresponding ground position is
S (64). ST (65) is the altitude above R/W altitude (AMSL).
TQ (68) is the present path on current track heading, Q being
the projected TDP (—17) (57).

ST ST 41
tanfy = —(04(67) = angle of descent) => SQ=——
SQ tanfy
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[0233] Thus, position of Q is marked on the landing R/W
map and at point Q projected aim figure icon for path guid-
ance (— 1) (87) is displayed.

Audio Guidance
[0234] Track Guidance:
[0235] An Interactive Voice Response (IVR) system simu-

lates ground radar controller. The following is the method for
track guidance. Bearing ofthe TDP (58) from current position
of the craft (64) is compared with runway direction.

[0236] Found equal: voice on track.

[0237] Found not equal: Bearing of TDP is compared with
(Runway heading+180)

[0238] Found in the domain [R/W direction & (R/W+180)
direction]

[0239] Voice—Left of track.

[0240] Found not in the domain [R/W direction & (R/W+
180) direction]

[0241] Voice—Right of track.

[0242] FIG. 14 A illustrates method for determining actual

off track distance.

[0243] S (64) is the momentary aircraft ground position. P
(58) is the TDP. SP is the ground distance to TDP. SN is the
normal to PN (R/W extended centre line)<SPN=0, (70) and

SN=SP sin 05 in metres (42)
PN=SP cos 05 (43)
[0244] Voice announces the individual digits of the mea-

sured distance (SN). Sequence of voice guidance for track—
ON/Left oft/Right of—Track, XYZ Metres.

[0245] When PN value approaches Missed Approach Point
Distance from TDP, IVR warns the crew.

[0246] Path Guidance:

[0247] FIG. 14 B illustrates method for path guidance. T
(66) is the spatial momentary position of the aircraft. S (64) is
the corresponding position on ground. P (58) is the TDP.
[0248] ST is ht. of aircraft over ground found from the
difference of aircraft altitude (AMSL) and R/W altitude
(AMSL)

[0249] SP is the ground distance to TDP. ST' (73) is the
desired ht. for desired glide angle 6 (74):

ST = SPtanfgs 43)

When, ST - ST =0  voice-on path.

#0 and (+)ve voice-high on path

+0 and (—)ve voice-low on path.

[0250] IST-ST'|—ht difference in metres.

[0251] Guidance sequence: high/low/on path. XY Z metres.
[0252] As craft approaches ST'=decision height, voice
advices: Decision.

Abort (Missed Approach)

[0253] A Missed Approach is followed by increase in alti-

tude and speed. This is interpreted by the system and moving
map display is changed to Area Map, control guidance win-
dow is restored and missed approach procedure is followed.
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Holding Pattern

[0254] A pointis selected in coordinates. A holding pattern
figure is generated and displayed on the moving map for
guidance of the crew.

Taxiing in

[0255] As the aircraft completes 100 meters run on the
runway after TDP both Navigation and Landing windows
disappears from the screen and airfield map appears on the
screen facilitating taxiing back to parking area.

[0256] Integration with AFCS (Auto Pilot):

[0257] Data and command generated will be fed to AFCS
for control of aircraft.

Integration with Communication Capable of Digitalized Data
Transfer:

[0258] Integration with ATN or any other suitable means
for digitalized data exchange will facilitate (i) exchange of
position and movement data between aircraft directly or
through ground agency for ACAS type I and II service, (ii)
Cockpit Display of Target Information (CDTI) function to
provide crew the current traffic environment, (iii) Automatic
Dependence Surveillance (ADS) service to provide Air Traf-
fic Management (ATM) and aircraft fleet owner the position
and movement information in respect of the aircraft.

[0259] Fail Operational System:

[0260] By operating two numbers of the system of present
invention in tandem, a fail operational configuration will be
achieved.

CONCLUSION

[0261] Though the embodiment for use in aircraft has been
described, the use is not exclusive and does not exclude uses
other than which have been described. The sensor sub-system
can be used in remaining types of vehicles (surface, sub-
surface, marine, sub-marine and space) for determining
movement vector of the fluid (air and/or water) medium
through which the mount vehicle moves and 3-Dimensional
spatial velocity of the mount vehicle and as such related
movement, orientation, position data can be computed and
start to destination navigation, control and guidance aid for
vehicles operating on surface of the earth, in tunnels, on water
surface, below water surface and space will be provided by
the system as would be appreciated by the ones skilled in the
art.

I claim:

1. A method for self contained precision navigation and
control guidance from start to destination around the earth
continuously for vehicles moving in air, in space, on surface
of the earth, under surface of the earth (sub-surface), over
water surface (marine) and under water surface (sub-marine)
comprising,

Computation of 3-dimensional spatial velocity of millime-
tre accuracy of the said vehicle along each of its body
fixed axes.

Determination of orientation (yaw, roll, pitch angles) of the
said vehicles.

Computation of movement data of fluid (air and/or water)
in the immediate vicinity of subject vehicle and effect of
fluid movement on the movement of the subject vehicle
moving through the said fluid(s).

Derivation of Navigation Information in respect of the
subject vehicle for Navigation and Control guidance of
the subject vehicle.



US 2015/0066240 Al

Determination of momentary geophysical position on the
earth’s surface in coordinates (longitude and latitude
based on WGS-84 datum) & in terms of bearing and
distance to a way point.

Visual numeric or non-numeric display of navigation and
position information for control and guidance.

Display of geophysical momentary position on moving
map for navigation and control guidance.

Audio guidance during critical phase of navigation to
enable the crew to be vigilant about the surrounding.

Integration with AFCS (for control) & means for digi-
talized data communication (for CDTI, ADS & ACAS
service) for air vehicles.

2. A method according to claim 1, wherein 3-dimensional
spatial velocity of a vehicle along its body fixed axes will be
computed by a self contained sensor sub-system which will
determine propagation time delay proportional to vehicle
speed, of a predetermined time frame pulse modulating EM
wave carrier travelling from transmitting antenna to receiving
antennae.

3. A method according to claim 2, wherein the sensor
sub-system will measure propagation time delay using Time
to Digital Converters (TDC), the said delay being a function
of'spatial velocity of the mount vehicle along respective body
fixed axis.

4. A method as in claim 2, wherein the computed time delay
for each of the axis divided by duration of pulse (one cycle) of
reference frequency will directly read spatial velocity of the
vehicle along its respective body fixed axes.

5. A method as in claim 2, wherein the sensor sub-system
will comprise of a second set of transmitter and receiver that
will operate with a time frame pulse of different duration for
self correction of position information to annul drift integra-
tion of positional error (along track, cross track and vertical).

6. A method according to claim 2, wherein the sensor
sub-system will consist of two sets of sensor. Each set will
have single very low power transmitter feeding single/plural-
ity of Transmitter Antennae and plurality of low sensitivity
receivers having antennae aligned with body fixed axes or
lines parallel to body fixed axes of the vehicle and that the said
transmitter, receivers, their antennae and other sensor hard-
ware will be placed inside a metal casing to make the system
a zero emission to space and non-susceptible to electronic
jamming system.

7. A method according to claim 1, wherein the orientation
(pitch, roll yaw angles) of the vehicle with respect to geo-
physical plane will be derived by using 3-dimensional spatial
velocity along body fixed axes of the vehicle and well known
mathematical formulae.

8. A method according to claim 1, wherein direction and
speed of fluid (air and/or water) movement in the immediate
vicinity of mount vehicle affecting movement of the mount
vehicle will be determined using two additional receivers for
horizontal plane and two for vertical plane, the antennae of
which will be placed at a predetermined offset angle with
respect to receiver antennae meant for sensing spatial velocity
along longitudinal, lateral and vertical axes. The data pro-
vided by this pair of additional receivers will help to compute
(a) fluid (air and/or water) vector (b) components of fluid
vector along longitudinal, lateral and vertical axes of the
vehicle (¢) the drift rate, (d) relative velocity and movement of
the vehicle with respect to fluid e.g., TAS and angle of attack
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for air vehicle (e) course correction required to maintain
desired track and (f) course heading required to steer for
maintaining desired track.

9. A method as in claim 1, wherein Navigation information
will be determined which in respect of vehicles of airborne
category are 1) magnetic and true heading ii) course on ground
(both magnetic and true) iii) True Air Speed iv) ground speed
v) altitude vi) angle of climb/descent vii) vertical speed viii)
angle of bank ix) turn direction X) turn rate xi) attitude and xii)
momentary geo-physical position, using sensor data and
commercial computer encompassing real time operating sys-
tem and high level language to solve mathematical problems.

10. A method as in claim 9, wherein the heading, track,
altitude and geophysical position are determined by dead
reckoning (DR) from a position initialized at start up or line
up point and reference to external system or instrument will
not be required for correction of these information during the
entire operation period that follows.

11. Amethod as in claim 1, wherein navigation information
(mentioned in claims 7, 8 and 9) will be displayed graphically
as substitute for multiple primary and additional flight data
instruments on display screen.

12. A method as in claim 1, wherein Navigation and control
guidance will be provided under all operating conditions to
the subject aircraft from start to destination around the earth
by display of (i) path overlay and way point on moving map
display wherein aircraft position is marked by an icon (ii)
position information in coordinates (longitude and latitude
based on WGS 84 datum) in respect of subject vehicle and
relevant way points (iii) bearing and slant/ground distance to
any way point from the craft or from another way point iv) off
track distance (v) track angle error and (vi) prospective
manoeuvre indication.

13. A method as in claim 12, wherein prospective manoeu-
vre indication includes (i) course correction to counter drift
(ii) turn and climb/descent anticipation, guidance for turn and
climb/descent from commencement to completion of turn
and climb/descent and (iii) for hold pattern.

14. A method as in claim 13, position of origin of turn
radius for ‘fly by’ and ‘fly over’ turn is determined for ATS
route designator published turn radius as well as for other
instances and continuous computation of distance to origin of
turn is carried out to facilitate a controlled turn for the air
vehicle within specified envelope.

15. A method as in claim 1, wherein to provide non-preci-
sion approach and landing guidance of Cat I, II & I1I standard
for any runway around the globe for which longitude and
latitude information are available by display of extended run-
way centerline for track alignment and an aim figure to be
aligned with marked runway Touch Down Point (TDP) for
path guidance.

16. A method as in claim 1, wherein to provide virtual
ground controller controlled approach guidance of Precision
Approach Radar (PAR) type for any runway around the globe
for which Coordinate (Long., Lat.) data is available by pro-
viding continuous audio guidance during landing approach
for track and glide slope alignment along with information
regarding horizontal and vertical displacement from path and
track through Interactive Voice Response (IVR) system.

17. A method as in claim 1, wherein position and move-
ment data will be exchanged with traffic elements in the
surrounding and transmitted to ground controlling agencies
using digitalized data transfer through suitable communica-
tion means to facilitate display of target position on moving
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map section of display unit (CDTI), to compute threat to
subject air vehicle from traffic element (ACAS) and to facili-
tate Automatic Dependent Surveillance (ADS) service.

18. A method as in claim 1, wherein derived navigation
information will be fed to Automatic Flight Control System
(AFCS) for automatic control of air vehicle.

19. A method as in claim 1, wherein flight plan can be made
for point to point navigation having facility for selecting
multiple number of way points and alternate field(s) for a
particular route segment and edit change to flight plan without
affecting normal flight operation and effect changes when so
desired.

20. A method as in claim 1, wherein the system can be used
to provide navigation and control aid to surface (rail and
road), marine, sub-marine or space vehicles too.

#* #* #* #* #*



