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(57) ABSTRACT

A total runway safety system (TRSS) and method measures,
monitors, manages, and informs flight crew on the progress
of takeoffs and landings and of any hazardous runway
conditions. In some embodiments, the TRSS measures,
monitors, and informs flight crew of longitudinal and lateral
runway tracks thus preventing overruns and veer-offs during
takeoffs and landings. In some embodiments, backscatter of
infrared laser beams emitted by the aircraft is used to
evaluate groundspeed and the reflectivity of the runway
surface to make estimates of the surface conditions, rough-
ness and contamination, which affects rolling and braking
efforts and acceleration. In some embodiments TRSS evalu-
ates runway surface and predicts tire-surface rolling and
braking coefficient of friction. In some embodiments, GPS
and similar navigation data, and ATC/airport reported run-
way braking conditions are evaluated along with the infrared
laser, ultrasound and digital images to find best estimates of
the runway remaining, current speed, acceleration, and jerk.
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RECEIVE DATAFROM MULTPLE TRSS SENSORS THAT SGAN THE RUNWAY SURFAGE AND GATHER ENVIRONMENTAL VARIABLES
RECEIVE DATA “ROM MULTIPLE ACCELEROMETERS MEASURING CURRENT ACCELERATIONS.

RECEIVE DATA FROM TRSS'S OFTICAL, INFRARED, MICROWAYE AND ULTRASONIC SENSORS THAT USE DIFFERENT PHYSICAL
PRINCIPLES {BACKSCATTERING, SUB-SURFACE SCATTERING, SURFACE EMISSIVITY, THERMAL MAGING, RANGING, ETC)

CALCULATE CURRENT, AND PREDICT FUTURE. POSITIONS, VELOGHTY, ACCELERATION. AND THE LIKE

DETERMINE CLRRENT AIRCRAFT LOCATION, RUNWAY CONTARINATION LEYELS, CONTAMINATION TYPE AND SEVERITY, SPATIAL
DISTRIBUTION QF CORTAMINANTS OR WETNESS ON THE RUNWAY SURFACE DURING ACTLiAL RUNVIAY OPERATIONS AND/OR
DURING APPROACHES FOR LANDING,

<165
CALGULATE IN REAL-TIVE 'UPDATED DISTANGES FROM THE RUNWAY EDGES AND REMAINING DISTANCE TO OPPOSITE THRESHOLD,
LATERAL AND LONGITUDINAL SPEEDS, ACCELERATIONS/DECELERATIONS AND JERKS.

INTESRATE MEASURED ACCELERATION DATA TO OSTAIN CURRENT SPEEDS AND DISTANCE INCREMENTS IN LATERAL AND
LONGITUCINAL DIRECTIONS.

EVALUATE DISTANT RUMWAY QUALITY AND SPATIAL DISTRIBUTION OF FRICTIONAL DATA,
PERFORM TAKEOFF PLANNING (SCHEDULING) COMPUTATIONS.

CALCULATE RURWAY SURFACE AND SLCPE TAKEOFF AND LANDING AIRSPEEDS SO THAT REQUIREE RUNWAY DISTANGES MAY
NEVER EXCEED CORRECTED DECLARED DISTANCES.
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AIRCRAFT-RUNWAY TOTAL ENERGY
MEASUREMENT, MONITORING,
MANAGING, SAFETY, AND CONTROL
SYSTEM AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority benefit, under 35 U.S.C.
§ 119(e), of U.S. Provisional Patent Application No. 62/313,
628, filed Mar. 25, 2016, which is incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION

The invention is related to the field of aircraft, and more
specifically to a comprehensive method and apparatus for
commercial transport-category airplanes, airline operations,
and aviation safety, and in particular, providing increased
safety by measuring, monitoring, managing and controlling
airplane runway operations, which include takeoffs and
landings, and all related maneuvers.

BACKGROUND OF THE INVENTION

U.S. Pat. No. 3,077,110 issued to Theodore Gold on Feb.
12, 1963 with the title “SYSTEM FOR MONITORING
THE TAKE-OFF PERFORMANCE OF AN AIRCRAFT”
and is incorporated herein by reference. U.S. Pat. No.
3,077,110 describes a system for monitoring the take-off
performance of an aircraft. In particular, it concerns a system
for accurately providing a continuous indication of the
actual performance of the aircraft during the take-off run for
purposes of determining whether the aircraft will become
safely airborne within the runway distance available.

U.S. Pat. No. 3,128,445 issued to Norman F. Hosford on
Apr. 7, 1964 with the title “AIRCRAFT TAKE-OFF MONI-
TORING” and is incorporated herein by reference.

U.S. Pat. No. 3,128,445 describes aircraft take-off moni-
toring and relates particularly to methods and means for
continuously presenting to aircraft pilots current facts con-
cerning the safety of his take-off attempt.

U.S. Pat. No. 4,130,015 to Grover issued on Dec. 19, 1978
with the title “Safe take-off indicators”, and is incorporated
herein by reference. This patent describes an onboard take-
off performance indicator system for an aircraft that includes
a ground-engaging wheel which measures distance run
during take-off and moves the slider of a selected one of a
bank of potentiometers in response thereto. Each potenti-
ometer is wound in accordance with a respective defined
speed/distance characteristic. The selection of the potenti-
ometer can be completely manual but is preferably in
response to an electrical analogue of a graphical method
which takes account of parameters individual to a particular
take-off. An indication of expected speed in view of distance
run is provided by the potentiometer output by means of an
index on the airspeed indicator in the aircraft.

U.S. Pat. No. 4,638,437 to Cleary, et al. issued on Jan. 20,
1987 with the title “Aircraft performance margin indicator”,
and is incorporated herein by reference. This patent
describes an aircraft performance margin indicator including
a display that, during takeoff and landing, informs the pilot
of the ability of the aircraft to either stop safely or achieve
a safe flying speed before reaching the end of the runway is
disclosed. A plurality of dedicated microprocessors, each of
which receives pertinent data about the aircraft, the runway
and the existing environmental conditions, produce one or
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more symbol control signals. The symbol control signals
control the position of symbols that form part of the display.
The display scale is a normalized runway and the display
includes an airplane symbol that shows the location of the
aircraft as the aircraft moves down the runway. The micro-
processor controlled symbols include GO and STOP bugs
and a ROTATE bar. The ROTATE bar indicates the last point
at which the aircraft can be safely rotated under present FAA
regulations. The position of the GO bug indicates the last
point at which the application of maximum thrust will result
in the aircraft reaching rotation speed (at the ROTATE bar
position) and achieve a safe takeoff. The position of the
STOP bug indicates the last point at which the application of
maximum braking will result in the aircraft stopping before
reaching the end of the runway. As long as the bugs remain
in front of the airplane symbol, the denoted option (go or
stop) remains available. Once the airplane symbol passes a
bug, the denoted option is no longer available. Preferably,
the microprocessor controlled symbols also include: an
engine-out (EO) bug that indicates the last point at which the
application of maximum thrust will allow the aircraft to
safely takeoff with an inoperative engine; and, a VMC bar
indicating the distance needed to stop at the time the aircraft
achieves minimum control speed.

U.S. Pat. No. 5,353,022 to Middleton et al. issued on Oct.
4, 1994 with the title “Airplane takeoff and landing perfor-
mance monitoring system”, and is incorporated herein by
reference. This patent describes he invention is a real-time
takeoff and landing performance monitoring system for an
aircraft which provides a pilot with graphic and metric
information to assist in decisions related to achieving rota-
tion speed (VR) within the safe zone of a runway, or
stopping the aircraft on the runway after landing or take-off
abort. The system processes information in two segments: a
pre-takeoff segment and a real-time segment. One-time
inputs of ambient conditions and airplane configuration
information are used in the pre-takeoff segment to generate
scheduled performance data. The real-time segment uses the
scheduled performance data, runway length data and trans-
ducer measured parameters to monitor the performance of
the airplane throughout the takeoff roll. Airplane accelera-
tion and engine performance anomalies are detected and
annunciated. A novel and important feature of this segment
is that it updates the estimated runway rolling friction
coeflicient. Airplane performance predictions also reflect
changes in head wind occurring as the takeoff roll pro-
gresses. The system provides a head-down display and a
head-up display. The head-up display is projected onto a
partially reflective transparent surface through which the
pilot views the runway. By comparing the present perfor-
mance of the airplane with a continually predicted nominal
performance based upon given conditions, performance
deficiencies are detected by the system and conveyed to pilot
in form of both elemental information and integrated infor-
mation.

U.S. Pat. No. 5,499,025 to Middleton et al, issued on Mar.
12, 1996 as a continuation of U.S. Pat. No. 5,353,022, and
is incorporated herein by reference.

PCT/GB2002/002199 application by Eshelby et al. pub-
lished as W02002097764 A2, on Dec. 5, 2002. This appli-
cation also published as U.S. Pat. No. 7,158,052 to Zammit-
Mangion, et al., which issued on Jan. 2, 2007 with the title
“Method and system for monitoring the performance of an
aircraft during take-off’, and is incorporated herein by
reference. This patent describes a system, method and dis-
play for monitoring the performance of an aircraft during the
take-off maneuver that includes the steps of monitoring the
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progress of the take-off maneuver by acquiring data repre-
sentative of the aircraft’s motion at a plurality of points
during the maneuver, generating a function that best fits the
acquired data, and using the generated function to predict
future progress of the maneuver.

There remains a need in the art for a total runway safety
system.

SUMMARY OF THE INVENTION

In some embodiments, the present invention provides a
total runway safety system (TRSS) which measures, moni-
tors, manages, and informs flight crew on the progress of
takeoffs and landings and of any hazardous runway condi-
tions. In some embodiments, the TRSS measures, monitors,
manages, controls and informs flight crew of actual longi-
tudinal and lateral runway tracks thus preventing overruns
and veer-offs during takeoffs and landings (with and without
engine failure). In some embodiments, the TRSS continu-
ously calculates, monitors and informs the flight crew about
the point-of-no-return (PNR) or commit-to-land (NTSB
definition) runway point after which no aborted/rejected
landing and consequent go-around should be attempted. In
some embodiments, the TRSS uses backscatter of infrared
laser beams to evaluate groundspeed and the reflectivity of
the runway surface thus also making estimates of the surface
conditions, roughness and contamination which will affect
rolling and braking efforts down-the runway and ultimately
future lateral and longitudinal acceleration levels. In some
embodiments, the TRSS uses accelerometers to measure in
real-time current runway lateral and longitudinal accelera-
tion with integrators to deliver current speeds and distance
increments. In some embodiments, the TRSS uses real-time
digital image processing of fast optical and infrared (thermal
imaging) images to evaluate the depth, percentage, type, and
the amount of runway surface covered with contamination.
In some embodiments, the TRSS uses surface and sub-
surface (volume) backscattering theoretical models to evalu-
ate the depth and the kind of the surface contamination. In
some embodiments, the TRSS integrates information
received from a variety of on-board electronic navigation
and guidance systems such GPS (Global Positioning Sys-
tem), SBAS (Satellite-Based Augmentation System), GBAS
(Ground-Based Augmentation System), ILS/MLS/DME (in-
strument landing system/microwave landing system/dis-
tance measuring equipment), onboard IRS (ring laser gyro
strapped-down Inertial Reference Systems), and ATC (Air
Traffic Control) and/or airport-reported runway braking con-
ditions with the infrared laser (side, forward- and down-
looking), ultrasound ranging and imaging, and optical/infra-
red camera digital images to find the best estimates of the
current and future lateral and longitudinal runway remain-
ing, speed, acceleration, and jerk (surge). In some embodi-
ments runway-based (SafeRunway) and spatially located
acoustic and electromagnetic cameras and sensors transmit
the information to TRSS systems and ATC. In some embodi-
ments gyro-stabilized mm-size microwave radiometers
(typically in one or more ranges between 1 and 300 GHz) of
passive and active types conduct continuous measurements,
which are used to measure, estimate, determine and/or
monitor surface emissivity/reflectivity, temperature and run-
way surface properties (type of ice (wet, compacted/packed,
dry, etc.), concentration, snow, moisture content, etc.). In
some embodiments, brightness temperature measured by
microwave radiometers is used to estimate the water content
of the ice/snow and provides information on the expected
tire-surface coefficient of friction (COF). In some embodi-
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ments, the TRSS measures and estimates the current and
expected lateral (sideways) and longitudinal (down-the-
runway) COF and acceleration/deceleration levels and feeds
them into predictive real-time software, which informs
pilots and makes its estimate of the best decisions and
choices in terms of safety to protect airplane and occupants.

In some embodiments, the TRSS implements a world-
wide gravitational model in performance calculations using
International Gravitational Formula (IGF). In some embodi-
ments, the TRSS also processes gravitational anomalies
obtained from current and updated gravitational satellite
measurements. In some embodiments, the TRSS includes
change of weight/mass effects during takeoffs and landings
for more accurate accelerations and performance predic-
tions. In some embodiments, the TRSS incorporates a reac-
tive rocket-propulsive thrust component due to fuel con-
sumption in all jet engine thrust computations. In some
embodiments, the TRSS includes the momentum-drag
losses of the net thrust. In some embodiments, the TRSS
includes planned/scheduled regulatory runway alignments
and rolling-takeoff distances for calculations and incorpo-
rates actual real-time values for actual takeoff operations
thus diminishing airport-authority-declared available run-
way distances. In some embodiments, the TRSS incorpo-
rates any runway geometry with available stopways (STP-
WYS) and clearways (CLRWYS) and the existence of
runway-based arrestor systems (such as EMAS). In pre-
takeoft’ planning phase Balanced (BFL) and unbalanced
takeoft (UBFL) computations and estimates are performed
and appropriate V1 (takeoft decision/action) speed chosen.
In some embodiments, the TRSS makes available to flight
crew a range of safe takeoff airspeeds between VGO (mini-
mum speed to continue takeoff after engine failure) and
VSTOP (maximum speed to abort/reject takeoft after engine
failure) if the takeoff weight/mass is less than maximum
allowed or EMAS exists for emergency operation. Here, V1
speed is the maximum STOP speed and minimum GO speed
when OEI (One Engine Inoperative) for BFL. In some
embodiments, the TRSS monitors and manages all engine-
related takeoff scenarios: AEO (All Engines Operating) and
OEL In some embodiments, the TRSS makes estimates of
rolling and braking coefficients of friction down the runway
based on fast processing of optical, microwave, and infrared
digital images (side, down, and forward). In some embodi-
ments, the TRSS uses current/existing Available Braking
Energy (ABE) based on the design maximum braking
energy capacity, brake temperatures, and the existing current
taxiing and residual braking energy capacities (see FI1G. 14
and Appendix A). In some embodiments, the TRSS receives
the information from the brakes computers about the current
state of wear and representative temperatures of brakes. In
some embodiments, the TRSS receives status and integrity
condition form a plethora of critical subsystems, such as, the
anti-skid system, thrust-reversing system, lift-dump system,
hydraulic system, engine’s FADECs (full-authority digital
engine (or electronics) control), tire condition, temperature,
and pressure, etc. In some embodiments, the TRSS uses
infrared laser to gain information about remaining runway
length, current groundspeed, and actual current acceleration
and jerk (change of acceleration). In some embodiments, the
TRSS uses digital visual and active/passive infrared cameras
(e.g., night operation) for evaluation of runway surface and
thus estimates of future accelerations. In some embodi-
ments, the TRSS uses ultrasound beams to accomplish the
same task as visual and infrared digital cameras and is
especially suitable for poor weather conditions (e.g., fog,
mist, night). In some embodiments, the TRSS uses micro-
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wave beams to accomplish the same task as ultrasound
beams, visual and infrared digital cameras and is especially
suitable for poor weather conditions and low optical visibil-
ity.

In some embodiments, the TRSS includes dedicated run-
way computers and aircraft computers that process runway
potential energy storage and the kinetic energy storage of an
aircraft (see FIG. 22). In some embodiments, the TRSS
includes at least two, for redundancy, dedicated central
TRSS computers 2110 (see FIG. 21) that use sophisticated
mathematical estimators (such as shown in the attached
appendices) of future predicted acceleration levels to assist
flight crew in real-time critical operational decision making.
In some embodiments, the TRSS computer relays informa-
tion to visual and voice generators that are presented in the
cockpit to flight crew. In some embodiments, the TRSS is
one of, typically, four-to-six individual and independent
TRSS multi-sensor units located in transport-category air-
plane certified under U.S. Title 14 CFR 25 or EASA CS 25
(the European Aviation Safety Agency Certification Speci-
fication for large aircraft). Each compact multi-sensor units
may consist of several independent optical, infrared, micro-
wave and ultrasonic transmitters. In some embodiments, one
TRSS multi-sensor unit is placed in each gear assembly (two
in the main underwing gear assemblies and one in nose gear
assembly), the fourth TRSS is located in the nose (usually
close to the aircraft’s radome) and is protected by a door in
normal flight. In some embodiments, the fifth and the sixth
TRSS multi-sensor units are located in retractable/extend-
able booms (poles) on the upper fuselage and the vertical tail
tops that deploy/retract synchronously with the landing
gears. In some embodiments, as the landing gear is deployed
for landing or is retracted after takeoff, each TRSS unit
works independently and provides redundancy while reduc-
ing measurement uncertainties. In some embodiments, after
gear retraction, the TRSS is disabled and no longer needed
until next approach and landing. In some embodiments, the
TRSS units are therefore mechanically protected during
most of the flight time and not exposed to high dynamic air
pressures and risk damage due to debris.

In some embodiments, the TRSS of landing and/or taking-
off aircraft relays the temporal and spatially-resolved run-
way conditions, rolling and braking actions and other rel-
evant information to ATC and/or directly to other aircraft via
communication links.

BRIEF DESCRIPTION OF THE DRAWINGS

The following figures are relevant to some embodiments
of the present invention.

FIG. 1A is a block diagram of an overall total runway
safety system (TRSS) 101 that includes a total runway safety
system 160, according to some embodiments of the present
invention.

FIG. 1B is a flow chart of a first portion 102 of an overall
method 102-103 that uses total runway safety computer
system 160, according to some embodiments of the present
invention.

FIG. 1C is a flow chart of a second portion 103 of an
overall method 102-103 that uses total runway safety com-
puter system 160, according to some embodiments of the
present invention.

FIG. 2A illustrates generic instrument runway architec-
ture 201, available performance distances, definitions of
performance lengths with and without stopways and clear-
ways and when available EMAS (Engineered Materials
Arresting systems).
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FIG. 2B illustrates various gross and regulatory gross
(factored) and net (required or factored) takeoff distances
202 (ASD/ASDR, TOR/TORR, TOD/TODR).

FIG. 3 illustrates various gross and regulatory net (re-
quired or factored) landing distances 301 (LD/LDR).

FIG. 4 illustrates runway distances definition of PNR
(point-of-no-return) 401 for go-around after touchdown
(aborted/rejected landing).

FIG. 5 illustrates changes in total energy 501 (mostly
kinetic) and distances during takeoff maneuver for both
AEO, continued OEI takeoft and AEO and OEI rejected
(aborted) takeoft (RTO).

FIG. 6 illustrates changes in specific kinetic energy 601
(also applies to total energy with sloped runways) for
rejected landing role maneuver (go-around after touch-
down).

FIG. 7 illustrates definition of PNR point 701 or the
lowest speed to which an airplane can slow down during
landing roll, apply full takeoff thrust, lose an engine and still
safely takeoff when OEL.

FIG. 8 illustrates the effect 801 of weight, available
stopping and takeoff distances ASDA and TODA, runway
slope and condition (e.g., dry, wet, contaminated) on the
takeoft' decision/action speed V1 and possibly available
range of VGO and VSTOP speeds.

FIG. 9 illustrates various major forces 901 acting on an
airplane during takeoff.

FIG. 10 is an illustration 1001 of bifurcation speed V1 810
at which the first action must be taken or to continue the
takeoff or to abort/reject takeoff (RTO) for balanced (BFL)
and unbalanced (BFL) field length.

FIG. 11 illustrates time-distance-speed-acceleration tran-
sition/dynamic zone during aborted takeoft sequence, 1101.

FIG. 12 illustrates the coefficient of friction (COF) versus
tire slip (percentage) for a variety of runway conditions (dry,
wet, contaminated) and optimal anti-skid operational ranges
1201 as a function of speed and surface conditions.

FIG. 13 illustrates schematics of operation 1301 of a
fully-modulated anti-skid system (hydraulic pressure
changed rapidly by anti-skid valves as a function of forward
aircraft speed and runway condition).

FIG. 14 illustrates brake computer functionality 1401 in
measuring the existing/current Available Brake Energy/Ca-
pacity (ABE). As brakes wear and due to residual brake
energy and taxiing brake energy less actual ABE exists in
every runway operation.

FIG. 15 illustrates the safe (green), caution (yellow) and
hazardous (red) runway zones 1501 in longitudinal and
lateral directions in terms of the total energy and actual
aircraft runway location.

FIG. 16 illustrates top view of an airplane 1635 during
takeoff or landing roll 1601 with various optical, infrared
(microwave), and ultrasonic sensors transceiving (sending
and receiving) reflected and backscattered electromagnetic
and acoustic density waves.

FIG. 17 is an illustration 1701 of a transport-category
airplane 1635 during ground roll (takeoff or landing) with
various electromagnetic and acoustic sensors located in the
retractable nose and main landing gears and retractable
booms in the vertical tail, nose cone (by radome) and upper
forward fuselage (above cockpit).

FIG. 18 is an illustration 1801 a transport-category air-
plane 1635 during landing approach configuration. Various
electromagnetic and acoustic sensors extend as the retract-
able nose and main landing gears are extended as well as
retractable booms in the vertical tail, upper forward fuselage
(above cockpit), and the nose cone sensor door opens.
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FIG. 19 is a block-diagram schematic of the total runway
energy computer 1901.

FIG. 20 is a block-diagram schematic of an airplane-
acceleration (current and estimated future) computer 2001.

FIG. 21 is a block-diagram schematic of a TRSS (Total
Runway Safety System) computer 2101.

FIG. 22 is a block-diagram schematic of an aircraft-
runway total energy measurement, monitor, manage system
(ARTEMS) 2201, where aircraft kinetic energy is compared
to runway energy-absorbing or potential capacity (takeoffs
or landings). TRSS 101 continually measures and compares
these two essential energy reservoirs to make proper deci-
sions (see Appendix D).

FIG. 23 illustrates an example of TRSS operation 2301
during landing roll when AEO with thrust reversers applied
and crosswind. Visual and aural commands and control
options are given to pilot to avoid veer-off and overrun.

FIG. 24 illustrates an example of TRSS operation 2401
during takeoff and landing roll with sudden engine failure
(OEI) with and without asymmetric thrust reversers and
crosswind. Visual and aural commands are given to pilot to
avoid veer-off and overrun.

In addition, the attached Appendices A, B, C, D, and E and
their respective Figures form a part of this specification.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Although the following detailed description contains
many specifics for the purpose of illustration, a person of
ordinary skill in the art will appreciate that many variations
and alterations to the following details are within the scope
of the invention. Specific examples are used to illustrate
particular embodiments; however, the invention described in
the claims is not intended to be limited to only these
examples, but rather includes the full scope of the attached
claims. Accordingly, the following preferred embodiments
of the invention are set forth without any loss of generality
to, and without imposing limitations upon the claimed
invention. Further, in the following detailed description of
the preferred embodiments, reference is made to the accom-
panying drawings that form a part hereof, and in which are
shown by way of illustration specific embodiments in which
the invention may be practiced. It is understood that other
embodiments may be utilized and structural changes may be
made without departing from the scope of the present
invention. The embodiments shown in the Figures and
described here may include features that are not included in
all specific embodiments. A particular embodiment may
include only a subset of all of the features described, or a
particular embodiment may include all of the features
described.

The leading digit(s) of reference numbers appearing in the
Figures generally corresponds to the Figure number in
which that component is first introduced, such that the same
reference number is used throughout to refer to an identical
component which appears in multiple Figures. Signals and
connections may be referred to by the same reference
number or label, and the actual meaning will be clear from
its use in the context of the description.

For abbreviations not specifically set forth or defined in
this specification and the attached appendices, the standard
definitions, well known in the art, apply.

In some embodiments, the invention provides a real-time
total airplane-runway energy monitoring and management
systems (sometimes referred to herein as a Total Runway
Safety System (TRSS) 101) that provides safety during all
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runway operations, and specifically including takeoffs and
landings. In some embodiments, the system is designed to
prevent runway excursions and, incidents and accidents,
during all runway operations and specifically to prevent
runway overruns and veer-offs during rejected-takeoffs
(RTO’s), landings under all normal, abnormal and emer-
gency conditions, executing safe go-around before and after
touchdown (runway point-of-no-return or commit-to-land
point). In some embodiments, the TRSS includes a takeoff
and landing calculator that takes into consideration sensor
parameters that indicate current aircraft mass and weight
(gravitational data in the computer depends on appropriate
latitude and longitude), aircraft current location, speed,
acceleration, and jerk (surge), runway condition (dry, damp,
wet, various contamination levels), wind profiles (headwind,
tailwind, crosswind components), air temperature, pressure,
and density (Air-Data-Computers), [AS/CAS/EAS and TAS
airspeeds, groundspeed (GS), expected thrust, aerodynamic
drag and rolling friction drag, braking friction drag (retard-
ing force), as well as local and average lateral and longitu-
dinal runway slope (spatial information). In some embodi-
ments, the TRSS thus fully protects the operational envelope
during taxing, takeoff and landing operations.

While modern semi-autonomous and advanced automo-
tive vehicles (cars) use cameras and radars to evaluate
distances and hence speeds, none of the solutions is capable
of estimating the surface/road conditions lying ahead at all
reliably and determining what would be expected in terms of
lateral and longitudinal accelerations, speeds, and distances
covered. For example, cars on a highway have no reliable
means to evaluate road COF to estimate what would be
braking distance if suddenly slippery conditions are encoun-
tered (ice, hydroplaning conditions, etc.). As an example, the
U.S. Pat. No. 5,353,022 by Middleton (1994) can only
measure current existing acceleration and performance in
real-time. However, such solution does not provide any
prediction, forecast, likelihood, or estimates of future per-
formance which is essential for true real-time safe runway
operations. Since airplanes are operating at very high speeds
during takeoffs and landings (about 140-180 mph), the
surface condition is critical to safe operation. Only by
knowing to sufficiently high accuracy what future perfor-
mance will be, can the aircraft runway operations be made
much safer. An aircraft has only a limited distance in which
or to dissipate the total energy or use the runway energy
capacity to convert it into the minimum safe total energy for
takeoff. It is a known fact that runway overruns and veer-offs
constitute a majority of accidents in commercial air trans-
portation world-wide, but also is a big negative factor in
general aviation operations.

FIG. 1A is a block diagram of an overall total runway
safety system (TRSS) 101 that includes a TRSS computer
system 160, according to some embodiments of the present
invention. In some embodiments, TRSS 101 includes a
plurality of input devices and sensors 170 and 181 that
provide input data to TRSS computer system 160 and a
plurality of visual and/or audio output devices 178, 188 and
198 that present information, based on data outputs 187,
168, and 189 (e.g., transmitted wirelessly or by wires, fiber
optic cables or other suitable means), to the flight crew of
aircraft 180, the flight crews of other aircraft 172 and/or the
crew of airport tower 179, respectively. In some embodi-
ments, a plurality of TRSS computers 160 receive a number
of input data in the pre-takeoff planning phase such as the
local geographical data, airport and runway data 175, atmo-
spheric, environmental and weather data 173 and weather
forecast computer system 174, local runway sensor data 171
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(when installed), Air Traffic Control (ATC) clearances and
instructions, other current and past historical (including
operational) data 177, other aircraft data 172. In some
embodiments, TRSS computer system 160 includes a first
TRSS computer system 161 (in some embodiments, some or
all TRSS computer system 161 is located onboard aircraft
180, while in other embodiments, TRSS computer system
161 is distributed with some or all located off aircraft 180),
and optionally one or more redundant computers (e.g., 162
onboard aircraft 180 and 163 located remote from aircraft
180). Takeoft and landing (control and performance) air-
speeds, flap setting, and other configuration settings are
calculated based on the current weight/mass and existing
aircraft performance figures from onboard sensors 181.
During actual takeoffs and approaches and landings, TRSS
101 measures (e.g., aircraft landing and takeoff execution,
parameters and conditions regarding spatial distribution of
runway surface conditions, depicted as computer function-
ality 166), monitors (e.g., compares over time the measured
landing and takeoff parameters and conditions to predeter-
mined values and combinations of values and spatial and
temporal histories of the parameters), manages (e.g., auto-
matically calculates and outputs data for each of a plurality
of aircraft relative to takeoff and landing operations (pre-
dictions and inadequate braking due to overheated brakes) in
coordination with ATC clearances, permissions and instruc-
tions, controls (e.g., automatically adjusts aircraft control
inputs, thrust reverse, lift-dump (spoilers), flight control
surfaces inputs, e.g., rudder, etc., depicted as computer
functionality 167) and informs flight crew and ATC control
tower (e.g., automatically notifies humans in the respective
current and following aircraft (via output device(s) 178) on
the progress of takeoffs and landings and of any hazardous
runway conditions, company dispatch office, control tower,
and ATC in general).

FIG. 1B is a flow chart of a first portion 102 of an overall
method 102-103 that uses total runway safety system 101
and total runway safety computer system 160, according to
some embodiments of the present invention.

FIG. 1C is a flow chart of a second portion 103 of overall
method 102-103 that uses TRSS 101 and total runway safety
computer system 160, according to some embodiments of
the present invention. Referring to overall method 102-103
of FIG. 1B and FIG. 1C together, the TRSS 101 elicits and
receives a number of currently measured parameters as
depicted in 164. The TRSS 101 uses current performance,
and measures and predicts future performance, based on the
multitude of active and passive electromagnetic and acoustic
sensors, such as optical, infrared, microwave, and ultrasonic
165. Such methodology provides a capability to estimate
future runway dynamics with high probability/likelihood
and thus reconstruct or forecast future events. Such capa-
bility clearly would enable choice of best and timely cor-
rective actions with the goal to keep aircraft and occupants
safe during all takeoff and landing operations including
abnormal and emergency scenarios. A number of normal,
abnormal, and emergency takeoff and landing scenarios
(zero-flap landing, rejected takeoffs and landings (PNR),
operations on slippery runways with significant crosswind,
overspeed takeoffs, etc.) can be thus predicted and output
166. Clearly, if there is a likelihood of adverse events
occurring, a proper action can be taken before it occurs thus
eliminating it or minimizing its negative impact. In extreme
cases, when human pilots are not capable of reacting timely,
TRSS 101 can assume full-authority and take the control
167 of the aircraft 180 with the goal to eliminate of minimize
possible negative consequences.

10

15

20

25

30

35

40

45

50

55

60

65

10

In some embodiments, TRSS 101 presents takeoff and
landing calculators and monitors tasked to first calculate and
make available to the flight crew all planned/scheduled
operationally critical control and performance airspeeds
during takeoffs (VMCG, VEF, V1, VMCA, VR, VMU,
VLOF, V2, V3, VMBE, VTIRE, etc.) and landings
(VMCL1/2, VAPP, VREF, landing climb airspeed, approach
climb airspeed, etc.) for existing average atmospheric con-
ditions and aircraft weight and CG location. These airspeeds
can be then modified as necessary by TRSS 101 in actual
condition while taking into account the existing localized
conditions (atmospheric, environmental, weather, actual
runway condition and local slopes, etc.).

In some embodiments, the present invention predicts
future (5, 10, 15, 20, 25, etc., seconds) values of down-the-
runway COFs, acceleration levels, and hence lateral and
longitudinal forces based on the current optical, infrared,
microwave and/or ultrasound measurements and comparing
them with the regular airport reports (e.g., ATIS/AWOS/
ASOS) and reports from preceding aircraft landings. In
some embodiments, a specially designed TRSS software
(e.g., based on the formulas in Appendices A, B, C, D, and
E) compares various current and predicted values of accel-
eration and based on that makes real-time recommendations
to pilots regarding critical runway operations and decisions.
In some embodiments, current and forecast accelerations on
the runway come from many sensors which include existing
aircraft air- and ground-speeds, wind, thrust and drag levels,
current weight/mass, tire condition, brake conditions, fully
modulated anti-skid (anti-lock and touchdown protection),
and auto-brake systems (ABS), thrust reversers conditions,
lift-dump (spoilers) condition, etc.

In some embodiments, TRSS 101 has inputs that include
infrared sensors (e.g., passive and active), ultrasound sen-
sors (e.g., in some embodiments, ultrasound sensors that
operate typically between 50-200 kilohertz), atmospheric-
condition sensors (e.g., barometric-pressure sensors, wind-
speed and direction sensors, and the like), optical cameras,
and air-traffic control feedback (e.g., feedback obtained via
an Aircraft Communication Addressing and Reporting Sys-
tem (ACARS).

In some embodiments, TRSS 101 produces outputs that
include predicted coeflicients of friction, real-time calcula-
tions of recommended courses of action, aircraft-control
signals, and transmissions of monitored runway conditions
to nearby aircraft.

In some embodiments, current and forecast information is
processed real-time in a dedicated TRSS central-processing-
units and data sent to Voice and Visual information genera-
tion systems that continuously inform pilots on the current
and predicted conditions visually and acoustically. Such
information can be presented visually on existing glass-
cockpit multi-function displays (MFDs), integrated into
existing primary flight displays (PFDs) or separate dedicated
and designed displays can be incorporated.

In some embodiments, TRSS 101 produces cockpit audio
announcement for crew action and coordination, such as,
BRAKES-BRAKES, GO-GO, STOP-STOP, REVERSE-
REVERSE, SPOILERS-SPOILERS, GO-AROUND—GO-
AROUND, REJECT-REJECT, RUDDER-LEFT, RUD-
DER-RIGHT, BRACE-BRACE, POWER-POWER, etc.

For further details of various aspects of the present
invention, see attached appendices A, B, C, D, and E, which
are incorporated herein by reference, for functionality
implemented in sensors and computers of TRSS 101.

In some embodiments, the present invention provides a
new comprehensive airplane safety system designed to assist
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flight crew (and, if required or so designed, to take over full
authority/control) in all runway operations thus preventing
takeoff and landing incidents and accidents:

a. A total runway safety system which measures, monitors,

—

manages, controls and informs flight crew on the progress
of takeoffs and landings and of any existing or upcoming
hazardous runway conditions, the system comprising
hardware and software that:

. Some embodiments measure, monitor, manage, control

and/or inform flight crew of longitudinal and lateral
runway tracks thus preventing overruns and veer-offs
during takeoffs and landings.

. Some embodiments continuously measure the integrity

and the operational status of various systems and subsys-
tems such as brakes (with anti-skid and ABS), tires
(pressure, temperature, wear and speed), thrust-reversers,
lift-dump system (ground spoilers), nose and/or main/
body-gear steering system, engine digital control (such as
FADEC), AC and DC electric supply, etc.

. In some embodiments, TRSS 101 incorporates takeoff and

landing calculators and monitors that first calculate/pre-
dict runway performance in pre-takeoft planning phase
based on reported conditions and later monitors and
compares with the actual conditions and performance. In
some embodiments, a historical database is constructed
for future use in TRSS calculations and machine learning.

. In some embodiments, TRSS 101 calculates the braking

requirements for specific desired early runway exit (taxi-
way exit) or early STOP when conducting LAHSO (Land
and Hold Short Operations) before and during landing
maneuver and reports to the crew if such goal cannot be
met while airborne before landing and during the landing
(roll) process.

In some embodiments, TRSS 101 continuously monitors,
updates, and informs the flight crew about the point-of-
no-return (PNR) or commit-to-land (according to the
National Transportation Safety Board (NTSB) definition)
runway point after which no aborted/rejected landing and
go-around should be attempted.

. In some embodiments, TRSS 101 implements world-wide

gravitational model in performance calculations using
International Gravitational Formula. Some embodiments
also incorporate, into these calculations, gravitational
anomalies obtained from satellite measurements.

. In some embodiments, TRSS 101 includes changes of

weight and jet (turbofan) engine thrust effects during
takeoffs and landings for more accurate accelerations and
performance predictions.

. In some embodiments, TRSS 101 incorporates rocket-

propulsive (reactive) thrust component due to fuel con-
sumption in all jet engine thrust computations.

. In some embodiments, TRSS 101 includes planned/sched-

uled regulatory runway alignments and rolling-takeoff
distance corrections for calculations and incorporates
real-time measured and estimated values for actual takeoff
operations thus diminishing available distances.

. In some embodiments, TRSS 101 incorporates any run-

way geometry with available stopways and clearway and
the existence of runway-based emergency arrestor sys-
tems (such as EMAS). Balanced field-length (BFL) and
unbalanced (UBFL) takeoft computations and estimates
are performed and appropriate V1 speed chose.

. In some embodiments, TRSS 101 monitors and evaluates

rejected takeoffs (RTO) and aborted landings (PNR)
acceleration/deceleration transition zones.

m. In some embodiments, TRSS 101 makes available to

flight crew a range of airspeeds between VGO and
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VSTOP if the takeoff weight/mass is less than maximum
structural or performance limited. For BFL takeoffs V1
speed is the maximum stopping speed and the minimum
go speed when OEI.

n. In some embodiments, TRSS 101 makes estimates of
rolling and braking coefficients of friction (COF) based on
processing of fast digital images (side, down, and for-
ward). Surface contaminants are evaluated by processing
of optical and infrared images and microwave signals
resulting in spatial distribution of COFs.

0. In some embodiments, TRSS 101 uses backscatter of
infrared laser beams and mm-size passive/active micro-
wave transmitters to evaluate groundspeed and the reflec-
tivity of the runway surface thus also making estimates of
the surface conditions, roughness and contamination
which affects rolling and braking efforts and ultimately
acceleration.

p. In some embodiments, TRSS 101 uses infrared laser to
gain information about remaining runway length, current
groundspeed, and actual acceleration.

q. In some embodiments, TRSS 101 uses digital visual and
active/passive infrared cameras (EVS) for evaluation of
runway surface and thus estimates of future accelerations.

r. In some embodiments, TRSS 101 uses ultrasound beams
to accomplish the same task as visual and infrared digital
cameras and is especially suitable for poor weather con-
ditions and for sideways motion detection.

. In some embodiments, TRSS 101 integrates information
received from a variety of electronic navigation and
guidance systems such GPS (SBAS/GBAS), ILS/MLS/
DME, onboard IRS, and ATC/airport reported runway
braking conditions with the infrared laser (forward- and
down-looking), ultrasound and digital images to find the
best estimates of the lateral and longitudinal runway
remaining, current speed, acceleration, and jerk (surge)
(in both lateral and longitudinal directions).

t. In some embodiments, TRSS 101 has dedicated runway
computers and aircraft computers that communicate with
each other and continuously evaluate runway potential
energy and the total (kinetic and potential) energy stor-
ages of an aircraft (see FIG. 22).

u. In some embodiments, TRSS 101 has dedicated TRSS
computers 160 that use sophisticated estimators of future
lateral and longitudinal acceleration levels to assist flight
crew in real-time regarding critical operational decisions.

v. In some embodiments, TRSS computers 160 relay infor-
mation as necessary to visual and voice generators that
produce visual and/or audio outputs that are presented in
the cockpit to flight crew.

w. In some embodiments, four to six TRSS units are located
in a transport-category airplane certified under FAR 25
(Federal Aviation Regulations part 25). One in each gear
assembly (two in main underwing gears and one in nose
gear). The fourth is located in the nose (usually close to
radome) and is protected by a door in normal flight. Fifth
and Sixth unit located in the vertical tail and the upper
forward fuselage section may deploy/retract with the
landing gear. As the landing gear is deployed for landing
or is extended during takeoff each TRSS system works
independently and provides redundancy. After gear retrac-
tion, the TRSS may be disabled and no longer needed
until landing. In this way, TRSS units are protected during
most of the flight time and not exposed to high dynamic
pressures and risk damage due to debris. However, the
TRSS multi-sensor unit located in the aircraft nose cone

2]
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may be still operational especially for the ultrasonic

transducers to eliminate bird strike hazard at low alti-

tudes.

X. In some embodiments, TRSS 101 has dedicated brake
computer that monitors brake wear and temperature and
also tire wear and tire pressure. This brake computer also
receives all the information from the anti-skid system
(operational/non-operational, efficiency, etc.).

y. In some embodiments, TRSS 101 measures the current
side and down-the-runway expected acceleration and fric-
tion coefficients and feeds them into predictive software,
which inform pilots and make the best choice in terms of
safety to protect airplane and occupants.

z. In some embodiments, TRSS 101 provides the ability for
restricted lateral track changes and ground path optimi-
zation to avoid (navigate around) parts of the runways
with heavier contamination (patches of contamination)
with low COF and reduced lateral and longitudinal accel-
eration/deceleration levels if such maneuver is required.

aa. In some embodiments, TRSS 101 calculates the actual
hydroplaning speed (VP) based on reported and measured
runway surface condition (surface reflectivity measure-
ments with subsurface scattering optical and infrared
lasers), tire wear and pressure in order to prevent loss of
control during landings and takeoffs.

bb. In some embodiments, TRSS 101 calculates all critically
important minimum control speed (VMCG, VMCA,
VMCL) and also includes the effect of crosswind on dry
and slippery runways on the magnitude of actual mini-
mum control speed on the ground (VMCG) to avoid
veer-offs during landings and takeoffs. Current VMCG
computations do not take into account crosswind effect.

cc. In some embodiments, TRSS 101 handles all abnormal
and emergency landing scenarios, such as, zero-flap land-
ing, flight-control degradation and malfunctions, tire and
wheel problems, inoperative equipment (such as anti-
skid), etc., and disseminate such information and recom-
mendations to the flight crew in a timely fashion.

dd. In some embodiments, TRSS 101 implements machine-
learning capability where previous similar runway sur-
faces, landing and takeoff scenarios are analyzed and
hence a best course of action and best operating practices
are developed for future comparable conditions.

ee. In some embodiments, TRSS 101 calculates special
takeoff scenarios such as overspeed or improved climb
takeoffs for which an airplane is climb and/or obstacle
limited but not field-length limits.

FIG. 2A illustrates a generic instrument runway architec-
ture 201, available performance distances, definitions of
performance lengths with and without stopways and clear-
ways and when available EMAS (Engineered Materials
Arresting systems). In some embodiments, runway archi-
tecture 201 indicates the following standard terms as well
understood by persons of skill in the art: 110 is LDA plus
EMAS that can be used by TRSS 101 in emergency, 115 is
landing distance available (LDA), 120 is stopway
(STPWY), 125 is clearway (CLRWY), 130 is takeoff run
available (TORA); 135 is accelerate-stop distance available
(ASDA), 140 takeoff distance available (TODA). Some-
times runways have EMAS which is designated as 145. The
clearway (125) is defined up to the first significant non-
frangible obstacle 150 and cannot exceed 50% (sometimes
less) of TORA for takeoff calculations. TRSS 101 is first
calculating the REQUIRED values for takeoff or landing, as
opposed to the AVAILABLE parameters as shown in runway
architecture 201. Available or declared distances are pro-
vided by airport authority. Regulatory corrections for run-
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way alignment and rolling-takeoff are applied for every
specific aircraft make and model. Required distances are
those values that the aircraft will most likely need under
given atmospheric conditions, weight/mass, and runway
conditions (slope, contamination, etc.), thrust setting and
brakes conditions (anti-skid on/off). Required distances
(TODR, TORR, ASDR) are calculated for all scenarios AEO
(All Engines Operating) and OEI (One Engine Inoperative)
for dry, wet, and contaminated runways and may include
also other events (such as tire failure). During actual takeoff
or landing, TRSS 101 now measures actual distance, speed,
acceleration, and jerk (surge) parameters, and estimates such
future values based on a plurality of aircraft-based and
occasionally runway-based sensors. Planned or actual (exist-
ing during operation) required distances may never exceed
available. The status of operation is relayed to crew visually
as GREEN (normal), YELLOW (caution), and RED (Alert/
warning/emergency condition). TRSS 101 also calculates
and informs the crew of corrective actions.

In some embodiments, the actual data gathered during
runway operations include aircraft’s CG (Center of Gravity),
lateral and longitudinal runway locations and distances
(covered and remaining), lateral and longitudinal speeds,
lateral and longitudinal accelerations, lateral and longitudi-
nal jerks (surges or changes of acceleration). Also, various
sensors (e.g., 181 and/or 171 of FIG. 1A) are continually
scanning runway surface sideways, ahead and down the
runway to estimate the runway surface conditions (dry,
dump, wet, contaminated) and thus predict future rolling and
braking conditions and operational distances needed. Local
lateral and longitudinal runway slopes (e.g., from 181, 175
and/or 179 of FIG. 1A) are also taken into consideration.
Also, all other atmospheric conditions (wind, temperature,
pressure, precipitation, ice, etc. (e.g., from 173 and/or 174 of
FIG. 1A)) are continually measured and monitored. Engine
and aircraft systems integrity and current capabilities (e.g.,
from 181 of FIG. 1A) are being monitored and used for
predictive calculations. See Appendices A, B, C, D, and E.

FIG. 2B illustrates various gross and regulatory net (re-
quired) takeoff distances 202 (ASD/ASDR, TOR/TORR,
TOD/TODR). Here the airplane 210 in starting (BRP—
Brake Release Point) position is identified as 210 (runway
alignment corrections A and B applied). Reaching the V1
speed is identified as 215 at which the airplane will or
continue takeoff or abort takeoff due to an engine failure or
other event. The airplane clears takeoff runway at the point
220 reaching certain airspeed and screen height. At the point
225 the airplane stopped on available ASDS (and EMAS in
emergency) after rejecting takeoff at V1 (identifier 215). At
the point 230 the airplane has safely completed takeoff
reaching minimum 15 or 35 feet (wet/dry runway) and
minimum airspeed V2 (Takeoff safety speed). Runway-
alignment and rolling takeoff corrections (runway reduc-
tions) for the main and nose gear are identified in 235 and
240 respectively. The gross (unfactored) and net (factored or
required) accelerate-stop distances (ASD(R)) are identified
in 245 and 250 respectively. Gross (unfactored) and net
(factored or required) takeoff distances (TOD(R)) are iden-
tified as 255 and 260 respectively. Gross (unfactored) and
net (factored or required) takeoff runs (TOR(R)) are iden-
tified as 265 and 270 respectively.

FIG. 3 illustrates various gross and regulatory net (re-
quired) landing distances 301 (LD/LDR). The airplane 305,
when touching down on a landing runway at actual distance
and speed after crossing the screen height at given airspeed
and height is depicted with 310. After maximum braking
action the airplane will stop as depicted in 315 defining
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demonstrated or gross landing distance (DLD) in dry con-
dition for level hard runway surface identified as 320. Net or
required landing distance for dry runway is DL.DR identified
as 325. In the case of wet runway, the net or required landing
distance is increased by additional 15% and depicted with
330; 115 is landing distance available (LDA). The TRSS 101
will calculate required touchdown range and speed range for
which a safe landing can be still made. Proper audio-visual
information, status, cautions, and warnings will be timely
displayed to a flight crew in a cockpit. If the runway was
estimated to be too hazardous to attempt landing or the
(factored or unfactored) landing success was in doubt (too
short, airplane not in proper configuration, speed and height,
contamination, excessive wind, wind-shear, etc.) the TRSS
101 will announce recommendations timely based on esti-
mated decelerations.

FIG. 4 illustrates runway distances including a definition
of PNR (point-of-no-return) 401 for go-around after touch-
down (aborted/rejected landing). A PNR point 410 on the
runway depends on many factors as discussed in Appendix
E journal article. The airplane 405, when touching down is
depicted with reference number 415. The nose gear is
lowered at reference number 420 and the braking ensues,
slowing it down. The latest point from which landing
deceleration can be aborted is PNR point 410, and is
dynamically calculated by TRSS 101. Airplane rejecting
landing and going around and about to lift-off is depicted in
425. Airplane successfully clears takeoff distance at the
point 430 for given runway and atmospheric conditions
reaching required speed (V2 minimum) and screen height
(15 or 35 feet minimum). The deceleration distance is
depicted as 435, the configuration change (inertia or decel-
erate-accelerate transition zone) is identified with 440,
acceleration ground roll (AEO or OEI) with 445, and the
airborne distance to cross required screen height at V2
airspeed as 450. In many respects rejected landing (decel-
erate-accelerate) is just an inverse situation form rejected
takeoft (accelerate-decelerate).

FIG. 5 illustrates changes in total energy (mostly kinetic)
and distances during takeoff maneuver for both AEO, con-
tinued OFEI takeoff and AEO and OEI rejected (aborted)
takeoft (RTO) 501. Various acceleration (in figure shown as
constant for simplicity) levels during takeoff (510) are
measured and future estimated from TRSS 101 measure-
ments and real-time processing. Also, various deceleration
levels during rejected takeoff phase (OEI or AEO) are
depicted with 515. The kinetic plus potential energy versus
distance for continued OEI situation is designated with 520.
With the constraint that the airplane achieves takeoff safety
speed V2 before reaching (e.g., dry runway screen height) of
35 ft. (about ten meters). The acceleration-deceleration
transition zone (525) in which an airplane goes from accel-
erating to stopping is monitored by TRSS 101 in real-time
transition, while providing visual and audio cockpit signals
to flight crew. Too slow transition even for appropriately
estimated speeds may still cause overruns. The TRSS 101 in
full-authority mode could override pilot action and apply
maximum breaking efforts to prevent overrun.

FIG. 6 illustrates changes in specific kinetic energy (also
applies to total energy with sloped runways) for rejected
landing role maneuver (go-around after touchdown) 601.
Various constant deceleration levels (for dry, wet, contami-
nated runways) after landing at specific runway point and at
specific kinetic specific energy is depicted with 610. Land-
ing longer and/or at faster speed will cause larger consump-
tion of landing runway even for the same deceleration levels
as depicted with 615. As the airplane is commanded to abort
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landing and execute go-around (takeoff after landing roll)
various acceleration levels will exist which will assume both
AEO and OEFEI scenarios as depicted with 620. In any case
after rejecting landing and for any condition an airplane will
have to achieve 15 ft. (wet runway; about 5 meters) or 35 fi.
(dry runway; about 10 meters) screen height at the end of
TODA just after reaching V2 airspeed (see Appendix E).

FIG. 7 illustrates definition of PNR point or the lowest
speed to which an airplane can slow down during landing
roll, apply full takeoff thrust, lose an engine and still safely
takeoff when OEI, 701. Computations of exact PNR location
is almost impossible for a human pilot to estimate as it
depends on so many factors (exact touchdown point, energy
at touchdown, time to lower the nose gear and start applying
deceleration devices, etc.), of which the most important ones
are knowing future acceleration and deceleration levels. The
TRSS multi-sensor unit capabilities to estimate lateral and
longitudinal future accelerations and decelerations calculate
PNR quite accurately for arbitrary atmospheric and aircraft
configuration conditions and inform pilots in real-time of
best action (such as better to accept low-speed overrun than
attempt impossible rejected takeoff (see Appendix D and E).

FIG. 8 illustrates the effect of weight, available stopping
and takeoff distances ASDA and TODA, runway slope and
condition (e.g., dry, wet, contaminated) on the takeoff deci-
sion/action speed V1 and possibly available range of VGO
and VSTOP speeds 801. The balanced V1 for BFL is shown
as 810. The minimum airspeed from which to continue
takeoff after OEI for given weight and conditions is VGO as
shown in 815. The maximum airspeed from which to
reject/abort/abandon takeoff due to engine failure or other
abnormal events is VSTOP and is marked as 820. For takeoff
weight/mass less than maximum a range of V1 airspeeds
exists between VGO and VSTOP which can be chosen by
operator for given aircraft type.

FIG. 9 illustrates various major forces acting on an
airplane during takeoft, 901. Jet AEO thrust is shown as 910
(which will be reduced in the case of engine-failure). Tires
rolling friction retardation force is depicted with 915. Run-
way slope retardation (or assistance in downslope) is illus-
trated constant here for simplicity and designated with 920.
The ever-present aerodynamic drag for a given aircraft
configuration versus airspeed is identified with 925. The
summary effect of rolling friction, runway slope (positive or
negative) and aecrodynamic drag is identified with 930. The
V1 airspeed is depicted as 810. The acceleration of the
airplane in longitudinal direction will depend on the balance
of these major forces. TRSS 101 has the capability to
measure current and predict future acceleration thus fore-
casting the takeoft history before it actually occurs with the
main goal to assist flight crew in making best decisions
regarding safety of passengers and property.

FIG. 10 illustrates bifurcation takeoff decision/action
speed V1 at which the first action must be taken or to
continue the takeoff (after OEI) or to abort/reject takeoff
(RTO) for balanced (BFL) and unbalanced (BFL) field
length, 1001. The V1 speed (810) has the same meaning in
both cases however the value (magnitude) may be quite
different. Clearways alone will reduce V1, while stopways
will increase V1. BRP 1005 (Brake Release Point) is the
start of the accelerate phase 1008. Accelerate-Go or continue
takeoff history is shown with 1010 for BFL and accelerate-
stop history is shown as 1015. In the case of the UBFL
takeoft, the accelerate-go is shown with 1020 and accelerate-
stop distance with 1025 and they are not of the same length.
TRSS 101 takes into account all declared runway (TORA)
extensions to estimate critical speeds in pre-takeoff phase
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and then monitors and advises pilots in real-time during
actual takeoff for arbitrary runway and atmospheric (wind,
temperature, pressure) conditions.

FIG. 11 illustrates time-distance-speed-acceleration tran-
sition/dynamic zone during aborted takeoft sequence, 1101.
The V1 airspeed is again depicted with identifier 810 which
requires first action to be taken to stop the aircraft (1110)
which usually implies applying brakes first. The local accel-
erations (accelerate phase) depicted with 1115 and decelera-
tion (stopping phase) identified with 1120 are measured in
real time but also predicted using TRSS sensors before the
airplane has reached that point in time and space. The
maximum speed reached during takeoff 1125 is measured
and the time for transition (1130) is measured too. For
operational regulations, a mandatory coasting period of
about two seconds is currently added to demonstrated test
pilot performance as depicted here with 1135. The TRSS
101 will calculate the intensity of deceleration required to
meet the safety standards, will inform the crew and in
full-authority mod can apply maximum possible retarding
forces (Appendix B) to prevent overrun. TRSS 101 will also
estimate if the transition zone progress is too slow and if the
pilots are not reacting rapidly enough and will make opera-
tion decisions and inform the flight crew. See Appendix C
for more details.

FIG. 12 illustrates friction coefficient (COF) versus tire
slip (percentage) for a variety of runway conditions (dry,
wet, icy) and optimal anti-skid operational ranges as a
function of speed and surface conditions, 1201. Designation
1210 depicts the COF for representative hard dry runway
with typical aircraft tires as a function of tire slip 1210. The
maximum COF is typically around 20% slip and the range
of fully-modulated Anti-Skid operational range is desig-
nated with 1215. Nominally wet hard runway has COF as a
function of tire slip designated with 1220. The peak is
reached at about 15% slip with the appropriate anti-skid
operation designated with 1225. The icy runway (no snow
piles) will experience COF versus tire slip behavior depicted
by 1230 and the corresponding anti-skid operation with
1235. Not only is the COF much reduced at high slips. But
the same occurs to the tire cornering capabilities shown with
1240. The cornering capability is especially important dur-
ing operations on slippery (contaminated, hydroplaning,
etc.) runways with crosswind and with or without thrust
reversers. In some embodiments, the TRSS 101 has
machine-learning capabilities and stores the COF data from
previous accelerations/decelerations to make better future
predictions.

FIG. 13 illustrates schematics of operation of a fully-
modulated anti-skid system (hydraulic pressure changed
rapidly by anti-skid valves as a function of forward aircraft
speed and runway condition), 1301. The theoretical maxi-
mum COF for a dry hard runway versus airplane speed is
designated with 1310. The sliding (locked tire/wheel or
100% slip) COF versus airplane speed is designated with
1320. The fully-modulated anti-skid system’s real perfor-
mance and actual temporal COF as function of speed is
designated with 1315. The anti-skid efficiency may be
85-90% and the theoretical background is provided in
Appendix C. Antiskid operation on wet hard surfaces is
illustrated for the theoretical maximum COF versus airplane
speed with 1320, the respective fully-locked sliding COF is
designated with 1330, and the effective anti-skid operation
with 1325. In some embodiments, the TRSS 101 has the
capability to compare actual anti-skid operation with the
historical data to provide better performance estimates.
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FIG. 14 illustrates brake computer functionality in mea-
suring the existing/current Available Brake Energy/Capacity
(ABE) (see Appendix A). As brakes wear with time and use
and due to the residual brake energy (previous landing and
takeoff with or without cooling) and required taxiing brake
energy before takeoff, less actual ABE exists for runway
operations, 1401. Based on the level of brake tear and wear
as depicted with characteristics 1410 (0% wear), 1415
(33%), 1420 (67%), and 1425 (100% wear), existing repre-
sentative brake temperatures 1430, tire conditions and pres-
sure, in some embodiments, the brake computer part of the
TRSS 101 calculates the current ABE which is then fed into
the main TRSS processor to evaluate whether the brakes
with or without thrust reversers will be capable of stopping
the aircraft upon landings or RTOs depending on the exact
aircraft speed and location from which braking starts.

FIG. 15 illustrates system 1501 in which the safe (green)
1510, caution (yellow) 1515 and hazardous (red) 1520
runway zones in terms of the total aircraft energy and actual
aircraft runway location for both lateral and longitudinal
motion. TRSS 101 gives appropriate audio and visual warn-
ings and calculates percentages of each zone safety factors.
That implies that aircraft crew will see green visual indica-
tors as long as the aircraft is in the green runway zone (1510)
with both lateral and longitudinal speeds, accelerations, and
jerks below respective limits. Similarly, will be for the
yellow (caution) zone (1515) if the lateral and longitudinal
dynamic parameters are above normal, but still below
unsafe. The red zone is warning or red zone (1520), in which
case the airplane has too much lateral and/or longitudinal
total energy and is in unsafe zone. The task of TRSS 101 is
to prevent an aircraft of ever operating in the red (unsafe)
zone and at least it will give timely audio and visual
warnings. In some embodiments, ultimately, TRSS 101, in
the full-authority mode, will take over the control of the
aircraft and apply corrective actions (thrust, reversers,
brakes, spoilers, nose-wheel steering, flight-control deploy-
ment, etc.) to avoid operating in such regime.

FIG. 16 illustrates the top view of an airplane during
takeoff or landing roll with various optical, infrared (micro-
wave), and ultrasonic sensors transmitting (sending and
receiving) reflected and backscattered electromagnetic and
acoustic density waves, 1601. An aircraft is designated as
1635, runway as 1625 and runway centerline as 1630.
Various electromagnetic and acoustic transmitters scan and
interrogate runway surface condition and contamination
sideways, down and forward. The multi-sensor unit of TRSS
101 located in the main landing gears is scanning the runway
surface and runway edges as shown with 1610. In some
embodiments, TRSS sensors located in main landing gears
also scan and interrogate runway surface in forward direc-
tion as shown with 1615. In some embodiments, TRSS
sensors located in the nose, and extendable in the upper
fuselage and vertical tail scan and interrogate runway sur-
face condition in the forward and down direction as shown
in 1620. In some embodiments, vertical tail (fin) extendible
TRSS multi-sensor boom scans down and far-field forward
for distant measurements as identified with 1640. In some
embodiments, several multi-sensor units located in various
parts provide for required redundancy.

FIG. 17 illustrates a transport-category airplane during
ground roll (takeoff or landing) with various electromagnetic
and acoustic sensors located in the retractable nose and main
landing gears and retractable booms in the vertical tail, nose
cone (by radome) and upper forward fuselage (above cock-
pit), 1701. The aircraft is again depicted with 1635. The
vertical stabilizer (fin) extendable down- and forward-look-
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ing TRSS multi-sensors perform continuous real-time run-
way condition measurement as depicted with 1710. The
upper-fuselage extendable TRSS boom for forward and
down-looking runway sensors is depicted with 1715. TRSS
sensors in the nose are depicted in 1720. The TRSS sensors
in the main gear (at least two or one on each landing gear)
is depicted in 1725. The nose gear located TRSS sensors that
extend and retract with the landing gear are depicted in
1730. In some embodiments, some sensors are looking
further down the runway than the others with necessary
overlaps and cross-checks.

FIG. 18 illustrates a transport-category airplane during
landing approach configuration, 1801. The same elements
are depicted as in FIG. 17 above. Typically, such sensors can
be deployed upon gear extension some 5 to 10 miles ahead
of landing runway. In some embodiments, The ultrasonic
sensors in the nose cone assembly are made to operate even
before the landing gear is deployed and after the landing
gear is retracted for prolonged bird-strike prevention.

FIG. 19 is a block-diagram schematic of the total runway
energy computer system 1901. In some embodiments, total
runway energy computer system 1901 includes runway
energy computer 1910, which receives information from
up-to-date database of complete runway geometry 1915 and
the number of sensors and transducers (e.g., sensors 171 of
FIG. 1A) that evaluate runway surface condition (laterally
and longitudinally). In some embodiments, some or all of
runway computer 1910 is implemented in an on-board
aircraft-based runway computer 161 that also receives input
from sensors 171 of FIG. 1A, as well as the traditional
existing sensors such as (digital) air data computers (DADC)
and a plethora of various navigational signals.

FIG. 20 is a block-diagram schematic of an airplane-
acceleration (current and estimated) computer system 2001.
Lateral and longitudinal current and predicted (or forecast)
force and acceleration are calculated by airplane accelera-
tion computer 2010. In some embodiments, in addition to
currently measured and estimated future accelerations, jerk,
speeds, and lateral, runway locations are also calculated.
Aircraft air data is received by computer 2010 from digital
air data computer (DADC) 2020. Wind data as reported by
air-traffic controller (ATC) 2015 or received through
ACARS or other electronic means in block 2015 is coupled
to airplane acceleration computer 2010.

FIG. 21 is a block-diagram schematic of TRSS (Total
Runway Safety System) computer system 2101. Block 160
represents one TRSS main computer (several exist for
redundancy in system 160 shown in FIG. 1A). In some
embodiments, data for audio warnings are sent to audio
processor 2115 for presentation to the cockpit flight crew as
audio output. In some embodiments, the visual cockpit
signals coming from TRSS computer 160 are processed in a
visual computer 2120 and presented to the cockpit flight
crew as visual output.

FIG. 22 is a block-diagram schematic of a generic air-
craft-runway total energy measurement, monitor, and man-
age system 2201 (ARTEMS) used by TRSS 101. In some
embodiments, the aircraft total (kinetic plus potential)
energy is continually compared to runway total energy
absorbing or potential energy capacity for both takeoffs and
landings. TRSS 101 continually measures and compares
these two essential energy reservoirs to make proper deci-
sions. The SAFE condition 2205 is met as long as the
runway absorbing or delivering energy capacity 2220 is
larger than aircraft total energy 2210. The UNSAFE condi-
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tion 2215 is when the runway energy reservoir 2220 is
smaller than the available aircraft total energy reservoir
2210.

FIG. 23 illustrates an example of TRSS operation during
landing roll when AEO with thrust reversers applied and
crosswind, 2301. Three scenarios exist. If the thrust reverse
is used with no yaw control on a slippery runway (scenario
A) crosswind will displace landing airplane laterally possi-
bly causing veer-off (2310). A common but incorrect pilot
response is to turn (yaw) into crosswind in which case the
thrust reversers will pull the airplane sideways even faster
resulting in high-speed veer-off (2315) as in scenario B.
Getting out of reverse to rectify lateral control problems
could likely cause overrun (longitudinal motion). The TRSS
101 calculates the scenario C based on the crosswind
intensity, current and expected down-the runway COF and
expected accelerations (lateral and longitudinal) and advise
pilot on how much rudder steering is required downwind
actually so that thrust reversers oppose crosswind while in
the same time provide effective deceleration longitudinally
(2320). Thrust reverse force vectors from AEO is depicted as
2325. Visual and aural commands and required control
commands are provided to pilot to avoid veer-off and
overrun. In this hazardous landing scenario both veer-off and
overrun can be prevented.

FIG. 24 illustrates an example of TRSS operation and
real-time intervention during landing or aborted takeoff (A)
and continuing takeoff (B) rolls with sudden engine failure
(OEI), slippery runway and strong crosswind, 2401. Asym-
metric thrust reversers may be used during landing and
rejected (aborted) takeoff deceleration. Scenario A (2410)
describes the situation during landing roll when OEI or
rejected takeoff (STOP) due to engine failure. Scenario B
(2415) describes the situation during continued (GO) takeoff
after engine failure. The combination of crosswind and
slippery runway in both scenarios historically had and can
cause veer-offs and overruns. The rudder displacement in
both scenarios is depicted with 2420, the OEI forward thrust
is depicted with 2425 and the OEI reverse thrust with 2430.
The various veering-off ground tracks are represented with
an identifier 2435. TRSS 101 is performing real-time cal-
culations of current and expected lateral and longitudinal
accelerations and providing real-time control command rec-
ommendations to the flight crew. Visual and aural signals
and control commands are provided to pilots to avoid
veer-off and/or overrun. In full-authority mode, TRSS 101
can, in an emergency situation, override pilot inputs and
apply optimal control inputs deemed best to protect aircraft
occupants and property.

In some embodiments, the present invention provides a
new and non-obvious comprehensive airplane safety system
designed to assist flight crew in all runway operations thus
preventing takeoff and landing incidents and accidents.

In some embodiments, the present invention provides a
total runway safety system (TRSS 101) that measures (e.g.,
aircraft landing and takeoff parameters and conditions),
monitors (e.g., compares over time the measured landing
and takeoff parameters and conditions to predetermined
values and combinations of values and spatial and temporal
histories of the parameters), manages (e.g., complies with
ATC clearances and instructions, automatically calculates
and outputs data for each of a plurality of aircraft relative to
takeoft and landing operations (e.g., predictions and inad-
equate braking due to brakes wear levels)), controls (e.g.,
automatically adjusts aircraft control inputs, thrust reversers
lift-dump spoilers, brakes and anti-skid, flight control sur-
faces) and informs flight crew and control tower (e.g.,



US 10,202,204 B1

21

automatically notifies humans in the respective current and
following aircraft on the progress of takeoffs and landings
and of any hazardous runway conditions, control tower and
ATC).

In some embodiments, TRSS 101 measures, monitors,
manages, and informs flight crew of longitudinal and lateral
runway tracks thus likely preventing overruns and veer-offs
during takeoffs and landings.

In some embodiments, TRSS 101 continuously in real-
time estimates, monitors and informs the flight crew about
the point-of-no-return (PNR) or commit-to-land (NTSB)
runway point after which no aborted landing and go-around
should be attempted.

In some embodiments, TRSS 101 implements a world-
wide gravitational model in performance calculations using
International Gravitational Formula (y=9.78 (1+0.0053 sin?
A—0.0000058 sin® 2).) where vy is theoretical gravity and A is
latitude, wherein the units of Earth’s gravity ~9.81 ms™—>—
this well-known formula is revised occasionally). Some
embodiments also include gravitational anomalies obtained
from satellite measurements (and, e.g., Bouguer mass effect
(additional rock attraction): g10.0419 p milliGals/meter
(p=density), which gives a Bouguer Gravity Anomaly AgB
AgB=g—y+0.3086 h-0.0419 ph where g=measured gravity
y=theoretical gravity at the latitude of the measurement
h=height above mean sea level, which is interpretable geo-
logically—see = www.geos.ed.ac.uk/~whaler/gravity_lec-
tures/Gravity %20Formulae.pdf).

In some embodiments, TRSS 101 includes or takes into
account change of weight effect during takeoffs and landings
for more accurate accelerations and performance predictions

In some embodiments, TRSS 101 incorporates a rocket-
propulsive thrust component due to fuel consumption and
thrust changes with airspeed in all jet engine thrust compu-
tations.

In some embodiments, TRSS 101 includes planned/
scheduled regulatory runway alignments and rolling-takeoff
distances for calculations and incorporates real-time value
for actual takeoff operations thus diminishing available
distances.

In some embodiments, TRSS 101 incorporates any run-
way geometry with available stopways and clearway and the
existence of arrestor systems (such as EMAS). Balanced
(BFL) and unbalanced field (UBFL) takeoff computations
and estimates are performed and appropriate V1 speed
chose.

In some embodiments, TRSS 101 makes available to
flight crew a range of airspeeds between VGO and VSTOP
if the takeoff weight is less than maximum and V1 speed is
maximum stopping speed and minimum go speed when
OEL

In some embodiments, TRSS 101 makes estimates of
rolling and braking coefficients of friction (COF) based on
processing of fast digital optical and infrared thermal images
(down and forward) during day and night operations.

In some embodiments, TRSS 101 uses backscatter of
infrared laser beams and passive/active microwave radiom-
eters to independently evaluate groundspeed and the spa-
tially-distributed reflectivity/emissivity and temperature of
the runway surface thus also making estimates of the surface
conditions, roughness and contamination which affects roll-
ing and braking efforts and ultimately predicts acceleration
history.

In some embodiments, TRSS 101 uses infrared laser,
optical and microwave radiometers the TRSS uses infrared
laser, optical and microwave radiometers to gain informa-
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tion about remaining runway length, current groundspeed,
actual and predicted acceleration.

In some embodiments, TRSS 101 uses digital visual and
active/passive infrared cameras for evaluation of runway
surface and thus estimates of future accelerations.

In some embodiments, TRSS 101 uses ultrasound beams
to accomplish the same task as visual and infrared digital
cameras and is especially suitable for poor weather condi-
tions.

In some embodiments, TRSS 101 integrates information
received from a variety of electronic navigation and guid-
ance systems such GPS (SBAS/GBAS), ILS/MLS/DME,
onboard IRS, and ATC/airport reported runway braking
conditions with the infrared laser (forward- and down-
looking), ultrasound and digital images to find the best
estimates of the runway remaining, current speed, accelera-
tion, and jerk (surge).

In some embodiments, TRSS 101 includes dedicated
runway computer and aircraft computers that process run-
way potential energy storage and the kinetic energy storage
of an aircraft.

In some embodiments, TRSS 101 includes several (redun-
dancy) dedicated TRSS computers that uses sophisticated
estimators of future acceleration levels to assist flight crew
in real-time regarding critical operational decisions.

In some embodiments, TRSS 101 computer relays infor-
mation to visual and voice generators that are presented in
the cockpit to flight crew.

In some embodiments, TRSS 101 is one of four TRSS
units located in transport category airplane certified under
FAR 25. One in each gear assembly (two in main underwing
gears and one in nose gear). The fourth is located in the nose
(usually close to radome) and is protected by a door in
normal flight. As the landing gear is deployed for landing or
is extended during takeoff each TRSS system works inde-
pendently and provides redundancy. After gear retraction,
the TRSS is disabled and no longer needed until landing. In
this way TRSS units are protected during most of the flight
time and not exposed to high dynamic pressures and risk
damage due to debris.

In some embodiments, TRSS 101 measures the current
side and down-the-runway expected acceleration and fric-
tion coeflicients and feeds them into predictive software,
which inform pilots and make the best choice in terms of
safety to protect airplane and occupants.

In some embodiments, TRSS 101 uses dedicated brake
energy computers to continuously measure, monitor, and
evaluate available braking energy (ABE) capacity based on
the existing state of brake wear and representative brake
temperatures for rejected takeoff (RTO), normal landings,
and aborted landing (PNR) computations. The brake com-
puter also monitors tire wear, temperature and pressure. The
brake computer also exchanges information with anti-skid
computers/systems.

In some embodiments, TRSS 101 fully evaluates accel-
eration transition zone (Appendix C and E) and takes it into
consideration issuing appropriate warnings and information
during rejected takeoffs (accelerate-stop) or rejected land-
ings (decelerate-go).

In some embodiments of the TRSS, ultrasonic emitters
(side and forward looking) are used to reduce and minimize
bird strike hazards of landing and taking off aircraft which
is greatest at low altitudes and close to the ground/airport/
runway.

In some embodiments, the present invention provides a
total runway safety system (TRSS) apparatus 101 that
includes a first plurality of sensors 181 located on an aircraft
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180 that measure a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing; a first computer system 161 (in some embodiments,
first computer system 161 is located on the aircraft 180;
while in other embodiments, first computer system 161 is a
distributed system that is partly in the aircraft and partly
remote from the aircraft, or indeed in some embodiments,
completely remote from aircraft 180 except for audio-visual
output unit 188) and communicatively coupled to the first
plurality of sensors and to a second plurality of sensors 170
spatially separated from the aircraft 180 that measure a
second set of parameters relevant to the landing, wherein the
onboard computer system 161 is configured to elicit and
receive the first and second sets of parameters from the first
and second plurality of sensors, and wherein the onboard
computer system is configured to automatically calculate a
prediction of whether the landing can be done within safety
parameters without overrunning runway longitudinally or
veering off runway laterally and to output indications of the
prediction to flight crew in the aircraft 180.

In some embodiments, the first computer system 161 is
communicatively coupled to a remote computer system 163
located off the aircraft, and wherein the first 161 computer
system elicits and receives pre-processed data from the
remote computer system 163 (such as data from one or more
of the sensors 170, which is preprocessed into a form more
convenient for the first computer system 161 to use) that is
used in the automatic calculation of whether the landing can
be done within the safety parameters.

In some embodiments, at least some of the first and
second pluralities of sensors 181, 170 measure current
lateral and longitudinal accelerations and wind vector, and
wherein the first computer system 161 is configured to
automatically calculate and display a prediction of future
lateral and longitudinal runway track and predictions of
future lateral and longitudinal accelerations.

In some embodiments, the first plurality of sensors 181
located on the aircraft measure a third set of parameters
relevant to a takeoff, wherein the first computer system 161
is configured to elicit and receive the third set of parameters
from the first plurality of sensors, and wherein the first
computer system is configured to automatically calculate a
prediction whether the takeoff can be done within safety
parameters without overrunning runway longitudinally or
veering off runway laterally and to automatically adjust
aircraft controls based on the comparisons of the first and
second sets of measured landing and takeoff parameters and
conditions to predetermined values and combinations of
values.

In some embodiments, the first plurality of sensors
located on the aircraft measure a third set of parameters
relevant to a takeoff, the computer system is configured to
elicit and receive the third set of parameters from the first
plurality of sensors, and the computer system is configured
to automatically calculate a prediction whether the takeoff
can be done within safety parameters without overrunning
runway longitudinally or veering off runway laterally and to
output indications of the prediction to flight crew in the
aircraft.

In some embodiments, the first computer system is com-
municatively coupled to a remote computer system located
off the aircraft, and the first computer system elicits and
receives pre-processed data from the remote computer sys-
tem that is used in the automatic calculation of whether the
takeoff can be done within the safety parameters.

In some embodiments, the first computer system is con-
figured to automatically calculate a prediction whether the
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landing can be done within safety parameters without over-
running runway longitudinally or veering off runway later-
ally and to automatically adjust aircraft controls based on the
prediction.

In some embodiments, the first computer system is con-
figured to calculate takeoff and landing operational control
and performance airspeeds based on atmospheric, environ-
mental, weather, and runway conditions for the aircraft’s
mass and configuration.

In some embodiments, the first computer system is con-
figured to continuously calculate real-time estimates of
point-of-no-return and commit-to-land runway locations
after which no aborted landing and go-around should be
attempted for existing and actual runway geometry and
layout.

In some embodiments, the first computer system uses a
world-wide gravitational model in performance calculations
using International Gravitational Formula, and also uses
gravitational anomaly data obtained from satellite measure-
ments.

In some embodiments, the first computer system includes
in its calculations a change-of-weight effect during takeoffs
and landings for more accurate acceleration and perfor-
mance predictions.

In some embodiments, the first computer system includes
in its calculations actual engine net thrust as a function of
airspeed, temperature, pressure and humidity.

In some embodiments, the first computer system includes
in its calculations planned and scheduled regulatory runway
alignments and rolling-takeoff distances for calculations and
incorporates real-time and actual values for actual takeoff
operations thus accounting for actually diminished available
distances.

In some embodiments, the first computer system includes
in its calculations runway geometry with available stopways
and clearway and the existence of arrestor systems (such as
EMAS) and performs balanced (BFL) and unbalanced
(UBFL) takeoff computations and estimates and chooses
appropriate speeds based on the takeoff computations.

In some embodiments, the first computer system outputs
to the flight crew a range of airspeeds between VGO and
VSTOP if the takeoff weight is less than maximum and V1
speed is maximum stopping speed and minimum go speed
when OEL

In some embodiments, the first computer system outputs
information on overspeed or improved V2 takeoff when the
aircraft is climb and obstacle limited but not field length
limited.

In some embodiments, the first computer system makes
continuous and updated estimates of runway spatially-dis-
tributed rolling and braking coefficients of friction based on
processing of fast digital optical and infrared thermal images
(side, down and forward) during day and night operations.

In some embodiments, the first computer system uses
received data from backscatter of infrared laser beams and
microwave radiometers to independently evaluate ground-
speed and the spatially-distributed reflectivity, emissivity
and temperature of the runway surface and also makes
estimates of the surface conditions, roughness and contami-
nation types and thicknesses that affect rolling and braking
efforts and ultimately predicts lateral and longitudinal accel-
eration history.

In some embodiments, the first computer system uses
infrared laser, optical and microwave radiometers to gain
information about remaining runway length, current ground-
speed, actual and predicted acceleration.
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In some embodiments, the first computer system receives
image data from digital visual and infrared cameras for
evaluation of runway surface and estimates future accelera-
tions based on the evaluated image data of spatially distrib-
uted contaminants (wet, ice, snow, etc.).

In some embodiments, the first computer system receives
acoustic ultrasound data for evaluation of runway surface
and estimates future accelerations based on the evaluated
acoustic ultrasound data that is suitable for poor weather
conditions.

In some embodiments, the first computer system inte-
grates information received from a plurality of electronic
navigation and guidance systems including GPS and air-
traffic control (ATC) and airport-reported runway braking
conditions with forward-looking and down-looking infrared
laser data, ultrasound data, and digital images to determine
improved estimates of runway remaining, current speed,
acceleration, and jerk.

In some embodiments, the first computer system receives
data from dedicated runway computers that continuously
evaluate runway potential-energy capacity and the kinetic
energy storage of the aircraft, performs energy calculations,
and issues specific advisory information to flight crew based
on the energy calculations.

In some embodiments, the first computer system receives
data from dedicated TRSS computers that use sophisticated
estimators of future acceleration levels to assist flight crew
in real-time regarding critical operational decisions.

In some embodiments, the first computer system relays
information to visual and voice generators that present
visual and audio information in the cockpit to the flight crew.

In some embodiments, the aircraft is a transport-category
airplane certified under Federal Aviation Regulations part 25
(FAR 25), and wherein the first computer system is con-
nected to a plurality of TRSS multi-sensor units located in
the aircraft, including a multi-sensor unit in each landing-
gear assembly of the aircraft, a multi-sensor unit located in
a nose of the aircraft, and a multi-sensor unit located on a
vertical tail location, wherein as landing gear are deployed
for landing the plurality of multi-sensor units are extended,
and after gear retraction the multi-sensor units are disabled
and no longer needed until next landing, in order that the
multi-sensor units are protected during most of the flight
time and not exposed to high dynamic pressures and damage
risk due to debris.

In some embodiments, the first computer system calcu-
lates the current side and forward down-the-runway
expected acceleration and friction coefficients and feeds
them into predictive software, which inform pilots and make
the best choice in terms of safety to protect airplane and
occupants.

Some embodiments further include one or more anti-skid
computer systems; and one or more brake computers that
continuously evaluate available braking energy (ABE)
capacity based on existing state of brake wear and repre-
sentative brake temperatures, and wherein the apparatus
performs rejected takeoff (RTO), normal landings, and
aborted landing (PNR) computations based on the ABE
evaluation, wherein the one or more brake computers moni-
tor tire wear, temperature and pressure, and wherein the one
or more brake computers also exchange information with the
one or more anti-skid computer systems.

In some embodiments, the first computer system evalu-
ates an acceleration transition zone during rejected takeoffs
and rejected landings and takes these evaluations into con-
sideration when issuing subsequent warnings and informa-
tion.
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Some embodiments further include a plurality of side-
looking and forward looking ultrasonic transceivers, and
wherein the first computer system receives information from
the ultrasonic transceivers to reduce and minimize bird-
strike hazards during landing and takeoft aircraft which are
greatest at low altitudes.

In some embodiments, the present invention provides a
total runway safety system (TRSS) method that includes
measuring a first set of parameters of spatial distribution of
runway surface conditions relevant to a landing using a first
plurality of sensors located on an aircraft; eliciting and
receiving the first set of parameters from the first plurality of
sensors into a first computer system; eliciting and receiving
a second set of parameters into the first computer system
from a second plurality of sensors that are spatially sepa-
rated from the aircraft and that measure a second set of
parameters relevant to the landing; automatically calculat-
ing, using the first computer system, a prediction of whether
the landing can be done within safety parameters without
overrunning runway longitudinally or veering off runway
laterally; and outputting indications of the prediction to
flight crew in the aircraft.

Some embodiments of the method further include com-
municating between the first computer system and a remote
computer system located off the aircraft; eliciting and
receiving pre-processed data from the remote computer
system; and using the received pre-processed data in the
automatic calculation of whether the landing can be done
within the safety parameters.

Some embodiments of the method further include using at
least some of the first and second pluralities of sensors,
measuring current lateral and longitudinal accelerations and
wind vector; and automatically calculating and displaying,
by the first computer system, a prediction of future lateral
and longitudinal runway track and predictions of future
lateral and longitudinal accelerations.

Some embodiments of the method further include using
the first plurality of sensors located on the aircraft, measur-
ing a third set of parameters relevant to a takeoff; eliciting
and receiving the third set of parameters from the first
plurality of sensors into the first computer system; and
automatically calculating, by the first computer system, a
prediction whether the takeoff can be done within safety
parameters without overrunning runway longitudinally or
veering off runway laterally and to automatically adjust
aircraft controls based on the comparisons of the first and
second sets of measured landing and takeoff parameters and
conditions to predetermined values and combinations of
values.

Some embodiments of the method further include using
the first plurality of sensors located on the aircraft to
measure a third set of parameters relevant to a takeoff;
eliciting and receiving the third set of parameters from the
first plurality of sensors into the first computer system; and
automatically calculating, by the first computer system, a
prediction whether the takeoff can be done within safety
parameters without overrunning runway longitudinally or
veering off runway laterally and to output indications of the
prediction to flight crew in the aircraft.

Some embodiments of the method further include using
the first plurality of sensors located on the aircraft to
measure a third set of parameters relevant to a takeoff;
eliciting and receiving the third set of parameters from the
first plurality of sensors into the first computer system;
communicating between the first computer system and a
remote computer system located off the aircraft, and eliciting
and receiving pre-processed data from the remote computer



US 10,202,204 B1

27

system into the first computer system; automatically calcu-
lating, by the first computer system, a prediction whether the
takeoff can be done within safety parameters without over-
running runway longitudinally or veering off runway later-
ally; and outputting indications of the prediction to flight
crew in the aircraft.

Some embodiments of the method further include using
the first computer system to automatically calculate a pre-
diction whether the landing can be done within safety
parameters without overrunning runway longitudinally or
veering off runway laterally; and automatically adjusting
aircraft controls based on the prediction.

Some embodiments of the method further include using
the first computer system to calculate takeoff and landing
operational control and performance airspeeds based on
atmospheric, environmental, weather, and runway condi-
tions for the aircraft’s mass and configuration.

Some embodiments of the method further include using
the first computer system to continuously calculate real-time
estimates of point-of-no-return and commit-to-land runway
locations after which no aborted landing and go-around
should be attempted for existing and actual runway geom-
etry and layout.

Some embodiments of the method further include using a
world-wide gravitational model for performance calcula-
tions using International Gravitational Formula in the first
computer system, and also using gravitational anomaly data
obtained from satellite measurements.

Some embodiments of the method further include includ-
ing, in calculations by the first computer system, a change-
of-weight effect during takeoffs and landings for more
accurate acceleration and performance predictions.

Some embodiments of the method further include includ-
ing, in calculations by the first computer system, actual
engine net thrust as a function of airspeed, temperature,
pressure and humidity.

Some embodiments of the method further include includ-
ing, in calculations by the first computer system, planned
and scheduled regulatory runway alignments and rolling-
takeoff distances for calculations and incorporates real-time
and actual values for actual takeoff operations thus account-
ing for actually diminished available distances.

Some embodiments of the method further include includ-
ing, in calculations by the first computer system, runway
geometry with available stopways and clearway and the
existence of arrestor systems (such as EMAS) and performs
balanced (BFL) and unbalanced (UBFL) takeoff computa-
tions and estimates and chooses appropriate speeds based on
the takeoff computations.

Some embodiments of the method further include output-
ting, from the first computer system to the flight crew, a
range of airspeeds between VGO and VSTOP if the takeoff
weight is less than maximum and V1 speed is maximum
stopping speed and minimum go speed when OEI.

Some embodiments of the method further include output-
ting, from the first computer system to the flight crew,
information on overspeed or improved V2 takeoff when the
aircraft is climb and obstacle limited but not field length
limited.

Some embodiments of the method further include mak-
ing, by the first computer system, continuous and updated
estimates of runway spatially-distributed rolling and braking
coeflicients of friction based on processing of fast digital
optical and infrared thermal images (side, down and for-
ward) during day and night operations.

Some embodiments of the method further include using,
by the first computer system, received data from backscatter
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of infrared laser beams and microwave radiometers to
independently evaluate groundspeed and the spatially-dis-
tributed reflectivity, emissivity and temperature of the run-
way surface, and calculating estimates of the surface con-
ditions, roughness and contamination types and thicknesses
that affect rolling and braking efforts and ultimately predict-
ing lateral and longitudinal acceleration.

Some embodiments of the method further include using,
by the first computer system, infrared laser, optical and
microwave radiometers to gain information about remaining
runway length, current groundspeed, actual and predicted
acceleration.

Some embodiments of the method further include receiv-
ing image data from digital visual and infrared cameras on
the aircraft; evaluating runway surface, by the first computer
system, based on the received image data; and estimating, by
the first computer system, future accelerations based on the
evaluated image data.

Some embodiments of the method further include receiv-
ing acoustic ultrasound data from ultrasound transducers on
the aircraft; evaluating runway surface, by the first computer
system, based on the received acoustic ultrasound; and
estimating, by the first computer system, future accelerations
based on the evaluated acoustic ultrasound data, which is
suitable for poor weather conditions.

Some embodiments of the method further include inte-
grating, by the first computer system, information received
from a plurality of electronic navigation and guidance
systems including GPS and air-traffic control (ATC) and
airport-reported runway braking conditions with forward-
looking and down-looking infrared laser data, ultrasound
data, and digital images to determine estimates of runway
remaining, current speed, acceleration, and jerk.

Some embodiments of the method further include receiv-
ing, into the first computer system, data from dedicated
runway computers that continuously evaluate runway poten-
tial-energy capacity and the kinetic energy storage of the
aircraft, performing, by the first computer system, energy
calculations; and issuing specific advisory information to
flight crew based on the energy calculations.

Some embodiments of the method further include receiv-
ing, into the first computer system, data from dedicated
TRSS computers that use sophisticated estimators of future
acceleration levels to assist flight crew in real-time regarding
critical operational decisions.

Some embodiments of the method further include relay-
ing, by the first computer system, information to visual and
voice generators; and presenting, from the visual and voice
generators, visual and audio information in the cockpit to the
flight crew.

In some embodiments of the method, the aircraft is a
transport-category airplane certified under Federal Aviation
Regulations part 25 (FAR 25), and wherein the first com-
puter system is connected to a plurality of TRSS multi-
sensor units located in the aircraft, including a multi-sensor
unit in each landing-gear assembly of the aircraft, a multi-
sensor unit located in a nose of the aircraft, and a multi-
sensor unit located on a vertical tail location; extending the
plurality of multi-sensor units as landing gear are deployed
for landing, and retracting the multi-sensor units at gear
retraction until next landing, in order that the multi-sensor
units are protected during most of the flight time and not
exposed to high dynamic pressures and damage risk due to
debris.

Some embodiments of the method further include calcu-
lating, by the first computer system, current side and forward
down-the-runway expected acceleration and friction coeffi-
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cients; and feeding the coeflicients into predictive software,
which inform pilots and make the best choice in terms of
safety to protect airplane and occupants.

Some embodiments of the method further include pro-
viding one or more anti-skid computer systems on the
aircraft; providing one or more brake computers on the
aircraft; using the one or more brake computers, continu-
ously evaluating available braking energy (ABE) capacity
based on existing state of brake wear and representative
brake temperatures; performing rejected takeoft (RTO), nor-
mal landing, and aborted landing (PNR) computations based
on the ABE evaluation; monitoring, by the one or more
brake computers, tire wear, temperature and pressure; and
exchanging information between the one or more brake
computers and the one or more anti-skid computer systems.

Some embodiments of the method further include evalu-
ating, by the first computer system, an acceleration transition
zone during rejected takeoffs and rejected landings; and
taking these evaluations into consideration, by the first
computer system, when issuing subsequent warnings and
information.

Some embodiments of the method further include pro-
viding a plurality of side-looking and forward-looking ultra-
sonic transceivers; receiving, into the first computer system,
information from the ultrasonic transceivers; processing, by
the first computer system, the information to detect birds;
and outputting warnings to reduce and minimize bird-strike
hazards during landing and takeoff.

In some embodiments, the present invention provides a
total runway safety system (TRSS) apparatus that includes
means located on an aircraft for measuring a first set of
parameters regarding spatial distribution of runway surface
conditions relevant to a landing; means (such as interface
circuits and/or software) for eliciting and receiving the first
set of parameters from the first plurality of sensors into an
onboard computer system located on the aircraft; means
(such as interface circuits and/or software) for eliciting and
receiving a second set of parameters into the onboard
computer system from a second plurality of sensors that are
spatially separated from the aircraft and that measure a
second set of parameters relevant to the landing; means
(such as circuitry and/or and software) for automatically
calculating, using the onboard computer system, a prediction
of whether the landing can be done within safety parameters
without overrunning runway longitudinally or veering off
runway laterally; and means for outputting indications of the
prediction to flight crew in the aircraft.
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It is to be understood that the above description is
intended to be illustrative, and not restrictive. Although
numerous characteristics and advantages of various embodi-
ments as described herein have been set forth in the fore-
going description, together with details of the structure and
function of various embodiments, many other embodiments
and changes to details will be apparent to those of skill in the
art upon reviewing the above description. The scope of the
invention should be, therefore, determined with reference to
the appended claims, along with the full scope of equivalents
to which such claims are entitled. In the appended claims,
the terms “including” and “in which” are used as the
plain-English equivalents of the respective terms “compris-
ing” and “wherein,” respectively. Moreover, the terms
“first,” “second,” and “third,” etc., are used merely as labels,
and are not intended to impose numerical requirements on
their objects.

What is claimed is:

1. A total runway safety system (TRSS) apparatus com-
prising:

a first plurality of sensors located on an aircraft that
measure a first set of parameters regarding real-time
spatial distribution of runway surface conditions rel-
evant to a landing;

a first computer system communicatively coupled to the
first plurality of sensors and to a second plurality of
sensors spatially separated from the aircraft that mea-
sure a second set of parameters relevant to the landing,

wherein the first computer system is configured to elicit
and receive the first and second sets of parameters from
the first and second plurality of sensors,

wherein the first computer system is configured to auto-
matically calculate a prediction of whether the landing
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can be done within safety parameters without overrun-
ning runway longitudinally or veering off runway lat-
erally and to output indications of the prediction to
flight crew in the aircraft, and

wherein at least some of the first and second pluralities of
sensors measure current lateral and longitudinal accel-
erations and wind vector, and wherein the first com-
puter system is configured to automatically calculate
and display a prediction of future lateral and longitu-
dinal runway track and predictions of future lateral and
longitudinal accelerations.

2. The apparatus of claim 1, wherein the first computer
system is configured to automatically adjust aircraft controls
based on the prediction.

3. A total runway safety system (TRSS) apparatus com-
prising:

a first plurality of sensors located on an aircraft that
measure a first set of parameters regarding real-time
spatial distribution of runway surface conditions rel-
evant to a landing;

a first computer system communicatively coupled to the
first plurality of sensors and to a second plurality of
sensors spatially separated from the aircraft that mea-
sure a second set of parameters relevant to the landing,
wherein the first computer system is configured to elicit

and receive the first and second sets of parameters
from the first and second plurality of sensors, and
wherein the first computer system is configured to
automatically calculate a prediction of whether the
landing can be done within safety parameters with-
out overrunning runway longitudinally or veering off
runway laterally and to output indications of the
prediction to flight crew in the aircraft; and

an imaging system that generates fast digital optical and
infrared thermal images (side, down and forward) dur-
ing day and night operations, wherein the first com-
puter system makes continuous and updated estimates
of runway spatially-distributed rolling and braking
coeflicients of friction based on processing of the fast
digital optical and infrared thermal images.

4. The apparatus of claim 3, wherein the first computer
system is configured to automatically adjust aircraft controls
based on the prediction.

5. A total runway safety system (TRSS) apparatus com-
prising:

a first plurality of sensors located on an aircraft that
measure a first set of parameters regarding real-time
spatial distribution of runway surface conditions rel-
evant to a landing;

a first computer system communicatively coupled to the
first plurality of sensors and to a second plurality of
sensors spatially separated from the aircraft that mea-
sure a second set of parameters relevant to the landing,
wherein the first computer system is configured to elicit

and receive the first and second sets of parameters
from the first and second plurality of sensors, and
wherein the first computer system is configured to
automatically calculate a prediction of whether the
landing can be done within safety parameters with-
out overrunning runway longitudinally or veering off
runway laterally and to output indications of the
prediction to flight crew in the aircraft; and

a system that generates infrared laser beams and one or
more microwave radiometers, wherein the first com-
puter system uses received data from backscatter of the
infrared laser beams and the microwave radiometers to
independently evaluate groundspeed and spatially-dis-
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tributed reflectivity, emissivity and temperature of the
runway surface and also makes estimates of the runway
surface conditions, roughness and contamination types
and thicknesses that affect rolling and braking efforts
and ultimately predicts lateral and longitudinal accel-
eration history.

sensors spatially separated from the aircraft that mea-
sure a second set of parameters relevant to the landing,

34

wherein the first computer system is configured to elicit
and receive the first and second sets of parameters
from the first and second plurality of sensors, and

wherein the first computer system is configured to
automatically calculate a prediction of whether the
landing can be done within safety parameters with-

6. A total runway safety system (TRSS) apparatus com- out overrunning runway longitudinally or veering off
prising: runway laterally and to output indications of the
a first plurality of sensors located on an aircraft that prediction to flight crew in the aircraft; and
measure a first set of parameters regarding real-time 10  a system that generates acoustic ultrasound data, wherein
spatial distribution of runway surface conditions rel- the first computer system receives the acoustic ultra-
evant to a landing; sound data for evaluation of runway surface and esti-
a first computer system communicatively coupled to the mates future accelerations based on the evaluated
first plurality of sensors and to a second plurality of acoustic ultrasound data that is suitable for poor
sensors spatially separated from the aircraft that mea- 15 weather conditions.
sure a second set of parameters relevant to the landing, 10. A total runway safety system (TRSS) apparatus com-
wherein the first computer system is configured to elicit prising:
and receive the first and second sets of parameters a first plurality of sensors located on an aircraft that
from the first and second plurality of sensors, and measure a first set of parameters regarding real-time
wherein the first computer system is configured to 20 spatial distribution of runway surface conditions rel-
automatically calculate a prediction of whether the evant to a landing;
landing can be done within safety parameters with- a first computer system communicatively coupled to the
out overrunning runway longitudinally or veering off first plurality of sensors and to a second plurality of
runway laterally and to output indications of the sensors spatially separated from the aircraft that mea-
prediction to flight crew in the aircraft; and 25 sure a second set of parameters relevant to the landing,
infrared laser, optical and microwave radiometers, wherein the first computer system is configured to elicit
wherein the first computer system uses the infrared and receive the first and second sets of parameters from
laser, optical and microwave radiometers to gain infor- the first and second plurality of sensors,
mation about remaining runway length, current ground- wherein the first computer system is configured to auto-
speed, actual and predicted acceleration. 30 matically calculate a prediction of whether the landing
7. The apparatus of claim 6, wherein the first computer can be done within safety parameters without overrun-
system is configured to automatically adjust aircraft controls ning runway longitudinally or veering off runway lat-
based on the prediction. erally and to output indications of the prediction to
8. A total runway safety system (TRSS) apparatus com- flight crew in the aircraft,
prising: 35 wherein the aircraft is a transport-category airplane cer-
a first plurality of sensors located on an aircraft that tified under Federal Aviation Regulations part 25 (FAR
measure a first set of parameters regarding real-time 25), wherein the first computer system is connected to
spatial distribution of runway surface conditions rel- a plurality of TRSS multi-sensor units located in the
evant to a landing; aircraft including a multi-sensor unit in each landing-
a first computer system communicatively coupled to the 40 gear assembly of the aircraft, a multi-sensor unit
first plurality of sensors and to a second plurality of located in a nose of the aircraft, and a multi-sensor unit
sensors spatially separated from the aircraft that mea- located on a vertical tail location, and wherein, as
sure a second set of parameters relevant to the landing, landing gear are deployed for landing, the plurality of
wherein the first computer system is configured to elicit multi-sensor units are extended, and, after gear retrac-
and receive the first and second sets of parameters 45 tion, the multi-sensor units are disabled and no longer
from the first and second plurality of sensors, and needed until next landing, in order that the multi-sensor
wherein the first computer system is configured to units are protected during most of the flight time and
automatically calculate a prediction of whether the not exposed to high dynamic pressures and damage risk
landing can be done within safety parameters with- due to debris.
out overrunning runway longitudinally or veering off 50  11. The apparatus of claim 10, wherein at least one of the
runway laterally and to output indications of the plurality of multi-sensor units is coupled to a retractable
prediction to flight crew in the aircraft; and boom.
digital visual and infrared cameras, wherein the first 12. A total runway safety system (TRSS) apparatus com-
computer system receives image data from the digital prising:
visual and infrared cameras for evaluation of runway 55  a first plurality of sensors located on an aircraft that
surface and estimates future accelerations based on the measure a first set of parameters regarding real-time
evaluated image data. spatial distribution of runway surface conditions rel-
9. A total runway safety system (TRSS) apparatus com- evant to a landing;
prising: a first computer system communicatively coupled to the
a first plurality of sensors located on an aircraft that 6o first plurality of sensors and to a second plurality of
measure a first set of parameters regarding real-time sensors spatially separated from the aircraft that mea-
spatial distribution of runway surface conditions rel- sure a second set of parameters relevant to the landing,
evant to a landing; wherein the first computer system is configured to elicit
a first computer system communicatively coupled to the and receive the first and second sets of parameters
first plurality of sensors and to a second plurality of 65 from the first and second plurality of sensors, and

wherein the first computer system is configured to
automatically calculate a prediction of whether the
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landing can be done within safety parameters with-
out overrunning runway longitudinally or veering off
runway laterally and to output indications of the
prediction to flight crew in the aircraft; and

a plurality of side-looking and forward-looking ultrasonic
transceivers, and wherein the first computer system
receives information from the ultrasonic transceivers to
reduce and minimize bird-strike hazards during landing
and takeoff aircraft which are greatest at low altitudes.

13. A total runway safety system (TRSS) method com-

prising:

measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;

eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircratft;

eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;

automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;

outputting indications of the prediction to flight crew in
the aircraft;

using the first plurality of sensors located on the aircraft,
measuring a third set of parameters relevant to a
takeof;

eliciting and receiving the third set of parameters from the
first plurality of sensors into the first computer system;
and

automatically calculating, by the first computer system, a
prediction whether the takeoff can be done within
safety parameters without overrunning runway longi-
tudinally or veering off runway laterally and to auto-
matically adjust aircraft controls based on the compari-
sons of the first and second sets of measured landing
and takeoff parameters and conditions to predetermined
values and combinations of values.

14. A total runway safety system (TRSS) method com-

prising:

measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;

eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircratft;

eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;

automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;
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outputting indications of the prediction to flight crew in
the aircraft;

using the first plurality of sensors located on the aircraft
to measure a third set of parameters relevant to a
takeof;

eliciting and receiving the third set of parameters from the
first plurality of sensors into the first computer system;

communicating between the first computer system and a
remote computer system located off the aircraft, and
eliciting and receiving pre-processed data from run-
way-based sensors representing real-time spatial distri-
bution of runway surface conditions relevant to the
takeoff from the remote computer system into the first
computer system,

automatically calculating, by the first computer system, a
prediction whether the takeoff can be done within
safety parameters without overrunning runway longi-
tudinally or veering off runway laterally; and

outputting indications of the prediction to flight crew in
the aircraft.

15. A total runway safety system (TRSS) method com-

prising:

measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;

eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircraft;

eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;

automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;

outputting indications of the prediction to flight crew in
the aircraft; and

using the first computer system to calculate takeoft and
landing operational control and performance airspeeds
based on atmospheric, environmental, weather, and
runway conditions for the aircraft’s mass and configu-
ration.

16. A total runway safety system (TRSS) method com-

prising:

measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;

eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircraft;

eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;

automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;

outputting indications of the prediction to flight crew in
the aircraft; and
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using the first computer system to continuously calculate
real-time estimates of point-of-no-return and commit-
to-land runway locations after which no aborted land-
ing and go-around should be attempted for existing and
actual runway geometry and layout.
17. A total runway safety system (TRSS) method com-
prising:
measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;
eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircratft;
eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;
automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;
outputting indications of the prediction to flight crew in
the aircraft; and
outputting, from the first computer system to the flight
crew, a range of airspeeds between VGO and VSTOP
if the takeoftf weight is less than maximum and V1
speed is maximum stopping speed and minimum go
speed when OEL
18. A total runway safety system (TRSS) method com-
prising:
measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;
eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircratft;
eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;
automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;
outputting indications of the prediction to flight crew in
the aircraft;
receiving, into the first computer system, data from dedi-
cated runway computers that continuously evaluate
runway potential-energy capacity and the Kkinetic
energy storage of the aircraft, performing, by the first
computer system, energy calculations; and
issuing specific advisory information to flight crew based
on the energy calculations.
19. A total runway safety system (TRSS) method com-
prising:
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measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;
eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircraft;
eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;
automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;
outputting indications of the prediction to flight crew in
the aircraft; and
receiving, into the first computer system, data from dedi-
cated TRSS computers that use sophisticated estima-
tors of future acceleration levels to assist flight crew in
real-time regarding critical operational decisions.
20. A total runway safety system (TRSS) method com-
prising:
measuring a first set of parameters of real-time spatial
distribution of runway surface conditions relevant to a
landing using a first plurality of sensors located on an
aircraft;
eliciting and receiving the first set of parameters from the
first plurality of sensors into a first computer system
located on the aircraft;
eliciting and receiving a second set of parameters into the
first computer system from a second plurality of sen-
sors that are spatially separated from the aircraft and
that measure a second set of parameters of spatial
distribution of runway surface conditions relevant to
the landing;
automatically calculating, using the first computer sys-
tem, a prediction of whether the landing can be done
within safety parameters without overrunning runway
longitudinally or veering off runway laterally;
outputting indications of the prediction to flight crew in
the aircraft;
providing one or more anti-skid computer systems on the
aircraft;
providing one or more brake computers on the aircraft;
using the one or more brake computers, continuously evalu-
ating available braking energy (ABE) capacity based on
existing state of brake wear and representative brake tem-
peratures;
performing rejected takeoff (RTO), normal landing, and
aborted landing (PNR) computations based on the ABE
evaluation; and
monitoring, by the one or more brake computers, tire
wear, temperature and pressure; and
exchanging information between the one or more brake
computers and the one or more anti-skid computer systems.
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