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(57) Abstract: A combined altitude display apparatus for generating a combined altitude value is provided. The apparatus comprises
a first altitude input interface, wherein the first altitude input interface receives a first altitude value; a second altitude input interface,
wherein the second altitude input interface receives a second altitude value, wherein the second altitude value indicated by the second

altitude input interface has a cyclical range; an altitude output int

erface, wherein the altitude output interface outputs a third altitude

value; and a data fusion component coupled to the first altitude input interface and the second altitude input interface and configured
to calculate the third altitude value based on the first altitude value and the second altitude value.
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DEVICE AND METHOD FOR COMBINED ALTITUDE DISPLAY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Application No. 15/873,303 filed
January 17, 2018, which claims priority to U.S. Provisional Application Serial No.
62/535,810 filed July 21, 2017 and titled “DEVICE AND METHOD FOR COMBINED
ALTITUDE DISPLAY,” both of which are hereby incorporated by reference in their

entireties.

BACKGROUND

[0002] Altimeters are a class of instruments that indicate an estimated altitude.
Altimeters are commonly used in aircraft, though they can also be used in other
circumstances, such as skydiving and surveying. There are different kinds of altitude,
such as true altitude (the height above mean sea level) and absolute altitude (height
above ground level in the local area). Unless otherwise indicated, altitude, as used herein,
generally refers to true altitude (the height above mean sea level).

[0003] Different kinds of altimeters are known in the art. Each has advantages and
disadvantages. For example, a radar-based altimeter can estimate absolute altitude, but
may require additional information to calculate an estimated true altitude and can have
issues with uneven terrain or foliage. A global positioning system (GPS) can provide true
altitude, but GPS may not always be available, such as due to obstruction of the satellite
signals. Barometric pressure may also be used to estimate true altitude (as barometric
pressure generally decreases as altitude increases), but can be affected by local weather
conditions, such as high pressure or low pressure zones and temperature. Thus, a need

exists for an aircraft altimeter with increased accuracy over a large altitude range.

SUMMARY
[0004] An apparatus may comprise a first altitude input interface that receives a first
altitude value, a second altitude input interface that receives a second altitude value with
a cyclical range, an altitude output interface that outputs a third altitude value, and a data

fusion component coupled to the first altitude input interface and the second altitude input
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interface and configured to calculate the third altitude value based on the first altitude
value and the second altitude value. A method for generating a combined altitude value
may comprise receiving, by a first input interface, a first altitude value, receiving, by a
second input interface, a second altitude value with a cyclical range, calculating, by a data
fusion component, a third altitude value based on the first altitude value and second
altitude value, and outputting the third altitude value. A computer system may comprise a
processor, a memory coupled to the processor, wherein the memory stores a program
that, when executed by the processor, causes the processor to receive a first altitude
value, receive a second altitude value with a cyclical range, calculate a third altitude value
based on the first altitude value and the second altitude value, and output the third

altitude value.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005] For a detailed description of exemplary embodiments of the disclosure, reference
will now be made to the accompanying drawings in which:
[0006] Figure 1A shows an apparatus for fusing two dissimilar altitude sources, in
accordance with various embodiments:
[0007] Figure 1B shows a detailed view of an apparatus for fusing two dissimilar altitude
sources, in accordance with various embodiments:
[0008] Figure 2 shows a flowchart of a method of fusing two altitude sources, in
accordance with various embodiments:
[0009] Figure 3 shows a flowchart of a method of calculating altitude based on two
altitude sources, in accordance with various embodiments;
[0010] Figure 4 shows a system for fusing two altitude sources, in accordance with
various embodiments; and

[0011] Figure 5 shows a computer system, in accordance with various embodiments.

DETAILED DESCRIPTION
[0012] The following discussion is directed to various embodiments of the invention.
Although one or more of these embodiments may be preferred, the embodiments

disclosed should not be interpreted, or otherwise used, as limiting the scope of the
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disclosure, including the claims. In addition, one skilled in the art will understand that the
following description has broad application, and the discussion of any embodiment is
meant only to be exemplary of that embodiment, and not intended to intimate that the
scope of the disclosure, including the claims, is limited to that embodiment.

[0013] The disclosure relates to the fusing of data from two different sources of altitude.
Fusing of data may result in an improved altitude estimation that builds on the strengths
of both altitude sources, while minimizing their disadvantages. Figure 1A shows an
apparatus for combining two dissimilar altitude sources 100, in accordance with various
embodiments. In at least some embodiments, the apparatus 100 includes an input
interface for a first altitude source 110, an input interface for a second altitude source 120,
and an output interface for a combined altitude 130. The interfaces 110, 120, 130 may be
digital, analog, or some combination of the two. In at least some embodiments, the
interfaces 110, 120, 130 may use some or all of the same physical elements (e.g., they
may be multiplexed over the same bus or wires).

[0014] Figure 1B shows a detailed view of an apparatus for fusing two dissimilar altitude
sources 100, in accordance with various embodiments. In at least some embodiments,
the interface for the first altitude source 110 is a digital interface and receives the first
altitude value from an altimeter or a sensor as a binary number representing an integer
112. The integer 112 may include a sign (such as a plus to indicate the altitude is above
sea level or a minus to indicate the altitude is below sea level). The integer 112 may also
include one or more numerical digits representing a distance (such as the number of feet
or meters above or below sea level). In the embodiment depicted in Fig. 1B, integer 112
includes a sign and 5 digits, allowing the integer 112 to indicate altitudes between 99,999
feet below sea level (-99,999) through 99,999 feet above sea level (+99,999). The
number of digits may correspond to the number of displayed digits on an instrumentation
panel. In at least some embodiments, the integer 112 may be implemented as a binary
number, such as a 32-bit number.

[0015] In various embodiments, the interface for the second altitude source 120 may be
an analog interface, and the interface for the second altitude source 120 may receive one
or more voltage (or other analog) signals representative of an altitude, such as from an

altimeter. The analog signals may scale linearly or non-linearly with the represented
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altitude. When the interface for the second altitude source 120 is an analog interface,
altitude source 100 may further comprise a converter 140, which may be coupled to the
interface for the second altitude source 120. A converter 140 can be used to change the
analog value(s) into a binary number representing an unsigned integer 122 indicating the
estimated altitude. The details of the converter 140 depend on the specific input signal
being converted, but may include one or more analog-to-digital converters and logic to
calculate the estimated altitude from the converted signals, possibly including scaling and
offsetting (or other manipulation) to produce the unsigned integer 122 indicating the
estimated altitude. In at least some embodiments, the interface for the second altitude
source 120 may be a digital interface and may not require a converter 140.

[0016] In at least some embodiments, the interface for the first altitude source 110 may
be an analog interface. In such embodiments, the apparatus 100 may include a
component similar to converter 140, but which can convert the analog signal from an
analog interface for the first altitude source 110 to a digital value that may be scaled and
offset (or otherwise manipulated) to produce a binary number representing an integer 112
indicating an altitude.

[0017] In accordance with various embodiments, the interface for the second altitude
source 120 may receive one or more signals corresponding to a synchro. A synchro can
be used to measure or transmit angle information, such as the angle of an indicator on a
dial. This can, for example, be used to measure the dial's angle, or to transmit the angle
to which a dial should be pointed. In at least some embodiments, the synchro signal may
have a cyclical range, e.g., it may only be able to specify angles from 0 to 360 degrees (or
some multiple of 360 degrees), though it may be capable of cycling through the range
multiple times by rolling over past 360 degrees or rolling under past O degrees. Thus, a
synchro signal indicating 360 degrees may be indistinguishable from a synchro signal
indicating O degrees. A roll-over occurs when the signal increases past the highest value,
for example increasing from 359 degrees to 360 degrees to 1 degree. A roll-under occurs
when the signal decreases past the lowest value, for example decreasing from 1 degree
to 0 degrees to 359 degrees. The angle indicated by the synchro signal may represent an
altitude, for example O degrees may represent O feet, 180 degrees may represents 5000

feet, and 360 degrees may represent 10000 feet (though the signal for 360 degrees
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representing 10000 feet may be indistinguishable from the signal for O degrees
representing O feet). The conversion from degrees to feet (or meters or some other unit of
measurement) may be a linear or non-linear conversion.

[0018] In at least some embodiments, the interface for the second altitude source 120
may receive a signal with a cyclical range that can be converted into an unsigned integer
122 representing an estimated altitude. The unsigned integer 122 may include one or
more digits representing an estimated altitude (in feet or other unit of measurement). In
the embodiment depicted in Fig. 1B, unsigned integer 122 includes 4 digits, allowing the
unsigned integer 122 to indicate altitudes from 0O feet through 9,999 feet. In embodiments
using a cyclical range, a value of 0 in the unsigned integer 122 may indicate an altitude of
0 feet, 10,000 feet, negative 10,000 feet, or some other multiple of 10,000 feet. In at least
some embodiments, the unsigned integer 122 may be implemented as a binary number,
such as a 16-bit number.

[0019] Still referring to Fig. 1B, in various embodiments, the apparatus 100 for
combining two dissimilar altitude sources may further comprise a data fusion component
150. The data fusion component 160 may be directly or indirectly coupled to the interface
for the first altitude source 110, the interface for the second altitude source 120, and the
output interface for a combined altitude 130. The data fusion component 150 uses
information from the interface for the first altitude source 110 and the interface for the
second altitude source 120 to generate a combined estimated altitude value 132. The
data fusion component 150 may use the full altitude estimations received through the
interfaces for the first and second altitude sources 110, 120, or only part of the
information. As depicted in Fig. 1B, the data fusion component 150 may use only the sign
and most significant digit of integer 112, while using all four digits of unsigned integer 122.
In at least some other embodiments, the sign and more than one of the most significant
digits of integer 112 may be used by the data fusion component 150. In at least some
other embodiments, the entire value of integer 112 may be used by the data combiner.
Similarly, in at least some other embodiments, only part of the unsigned integer 122 may
be used by the data fusion component 150. In at least some other embodiments, the data

fusion component 1580 may use only certain bits of integer 112 or unsigned integer 122
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(i.e., the binary 1s and 0s), rather than manipulating the numbers based on their base-10
representation.

[0020] While Fig. 1B shows at least one particular embodiment, other embodiments are
disclosed. For example, the integer 112 and unsigned integer 122 may be any
combination of number types, such as an integer, unsigned integer, floating point number,
or fixed point number, and may have the same or a different number of digits (or number
of bits in their binary representation) than the specific embodiments shown and discussed
in relation to Fig. 1B.

[0021] Fig. 2 shows a flowchart of a method of combining two altitude sources 200, in
accordance with various embodiments. The method 200 comprises receiving a first input
altitude 220, receiving a second input altitude 230, calculating an estimated altitude 240
based on the first input altitude and second input altitude, outputting the calculated
altitude 250, transmitting the output altitude 260, and displaying the output altitude 270.
The second input altitude 230 may be received before, or concurrently with, the first input
altitude 220.

[0022] Fig. 3 shows a flowchart of a method of calculating altitude based on two altitude
sources 300, in accordance with various embodiments. In at least some embodiments,
the method of Fig. 3 may implement steps 240 and 250 of Fig. 2. The method comprises
deciding whether or not to combine the two altitude values 320, as discussed in detail
below. The flowchart 300 proceeds to step 340 if the decision is “Yes” and to step 330 if
the decision is “No.” If the altitudes are not combined, the first input altitude is output as
the calculated altitude 330. In at least some embodiments, step 330 may output the
second altitude value instead of the first altitude value. If the altitudes are combined, the
sign is calculated for the calculated altitude 340, the most significant digits are calculated
for the calculated altitude 350, the least significant digits are calculated for the calculated
altitude 360, and the calculated altitude is output 370. The calculating a sign 340,
calculating the most significant digits 350, and calculating the least significant digits 360
may be performed in any order.

[0023] With continued reference to Fig. 3, in at least some embodiments the altitude
sources may provide information about whether the altitude value is valid. An altitude

value may be not valid due to an error or malfunction of the altitude source providing the
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altitude value. An altitude value may be not valid due to missing or outdated calibration
information. An altitude value may be not valid if the altitude value has changed faster
than is deemed possible for the aircraft or fixture in which the altitude source is located or
for the altitude source to properly operate. An altitude source may also provide an
“altitude data good” or similar signal to indicate whether or not its altitude value is valid.
Step 320 may decide “No” if one or both of the altitude sources are not valid. In at least
some other embodiments, step 320 may compare the two input altitude values to
determine if they are similar enough to combine. For example, step 320 may decide “No”
if the two altitude values differ by more than a certain value and/or by more than a
percentage of each other. In various embodiments, one of the altitude values may have a
cyclical range that is taken into account. For example, if one altitude value is 15500 feet
and the other altitude value is 5500 feet with a cyclical range between 0 and 9,999, step
320 may compare only the four least significant digits of the two altitude values. In at least
some other embodiments, step 320 may decide “No” if the first altitude value is above (or
below) a threshold value, such as +10,000. In at least some other embodiments, step 320
may decide “No” based on additional data indicating the reliability or accuracy of one or
both of the altitude values. Step 320 may take place after the combined altitude has been
calculated, and the decision by step 320 is whether to output the combined altitude or
only one of the altitudes from the altitude sources.

[0024] In at least some other embodiments, there may be one or more additional
decisions to determine whether the first altitude value, second altitude value, or combined
altitude is output. These decisions may be made based on factors such as indications of
validity from the altitude sources, a comparison or analysis of the altitude values,
additional data indicating the reliability or accuracy of one or both of the altitude values,
and/or selection by an operator.

[0025] In at least some embodiments, step 340 may calculate the sign of the combined
altitude value based on the sign of only one of the input altitude values, while in at least
some other embodiments, step 340 may base the sign of the combined altitude value on
the sign of both input altitude values. In addition, step 340 may also consider the most

significant digits of one or both of the input altitude values in calculating the combined
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altitude value’s sign. Furthermore, the entirety of one or both input altitude values may be
considered in calculating the combined altitude value’s sign in other embodiments.

[0026] In at least some embodiments, step 350 may calculate the most significant digits
of the combined altitude value based only on one of the altitude inputs, or just the most
significant digits of one of the altitude inputs. Alternatively, step 350 may use both altitude
inputs (or the most significant digits from both altitude inputs) to calculate the most
significant digits of the combined altitude value. In yet other embodiments, step 3560 may
calculate the most significant digits of the combined altitude value based on one of the
altitude inputs (or the most significant digits from one altitude input) and a roll-over or roll-
under condition of the other altitude input.

[0027] Step 360 comprises calculating the least significant digits. In at least some
embodiments, step 360 may calculate the least significant digits of the combined altitude
value based only on one of the altitude inputs, or just the least significant digits of one of
the altitude inputs. In at least some other embodiments, step 350 may use both altitude
inputs (or the least significant digits from both altitude inputs) to calculate the least
significant digits of the combined altitude value.

[0028] Examples of how such an apparatus, system, or method can work are now
described, though the examples provided do not limit the various embodiments disclosed
herein. Referring to Fig. 1B, in at least some embodiments, the apparatus 100 or altitude
sources coupled to the input interfaces for a first and second altitude source 110, 120
may include calibration or calibration adjustments. The calibration may be used to adjust
the altitude values before or after their receipt at the input interfaces 110, 120 or used to
adjust the combined estimated altitude value 132 to be output by the output interface 130.
Further, the combined estimated altitude value 132 may be adjusted based on calibration
before or after being output by the output interface 130. For example, the combined
estimated altitude value 132 may be adjusted based on local weather conditions (such as
accounting for temperature or high or low pressure zones) before or after it is output by
the output interface 130. As one example, the altitude sources may be calibrated prior to
take-off based on a known altitude of 250 feet above sea level (such as on a runway or
staging area). At the known altitude of 250 feet, the integer 112 representing the altitude

from the first input interface 110 may be corrected +00250, while the unsigned integer
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122 representing the altitude from the second input interface 120 may be corrected to
0250. The data fusion component 150 may output a combined estimated altitude value
132 of +00250, or the combined estimated altitude value 132 may be corrected to
+00250.

[0029] By way of another example, referring to Fig. 1B, in at least some embodiments the
combined estimated altitude value 132 is calculated by combining the sign and most
significant digit(s) of integer 112 with unsigned integer 122. An integer 112 value of
+15,468 and unsigned integer 122 value of 5576 may be combined into a combined
estimated altitude value 132 of +15,576 by combining the +1 information from the integer
112 with the 5,576 information from the unsigned integer 122. However, issues may arise
if the difference between the least significant digits of integer 112 and the least significant
digits of unsigned integer 122 exceed threshold amount. For example, an integer 112
value of +15,576 and an unsigned integer 122 value of 9,432 have a difference of 3,856
between their four least significant digits. In this example, if the allowable difference (i.e.,
threshold amount) is only 300, one or both of the altitude sources may be deemed
inaccurate. Where the difference between least significant digits of the two input altitude
values exceed the threshold amount, the apparatus 100 may default to providing the
integer 112 value as the combined estimated value 132 and may also indicate (such as
via a signal or setting an error flag) that an error occurred in combining the values.
Another issue may arise when the unsigned integer is near a roll-over or roll-under
condition. For example, an integer 112 value of +29,987 and an unsigned integer 122
value of 0,003 could be combined into +20,003 if only the sign and most significant digit
of integer 112 were considered. In at least some embodiments, this issue may be
corrected by considering additional most significant digits of integer 112. For example,
considering enough most significant digits of integer 112, such that there is at least one
digit of overlap between the considered digits of integer 112 and the considered digits of
unsigned integer 122 (e.g., the “thousands” digit) would allow the data fusion component
150 to determine that the unsigned integer 122 is close to a roll-over or roll-under
condition and calculate a more accurate combined estimated altitude value 132. In some
embodiments, where the overlapping digit of the integer 112 is a 9 and the overlapping

digit of the unsigned integer 122 is a 0O, the next highest digit (e.g., the “tens of thousands”
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digit) of the combined estimated altitude value 132 may use an incremented value of the
corresponding digit from the integer 112 (here, incrementing from a 2 to a 3), resulting in
a combined estimated altitude value 132 of +30,003. Where the overlapping digit of the
integer is 112 is a 0 and the overlapping digit of the unsigned integer 122 is a 9, the next
highest digit of the combined estimated altitude value 132 may instead be the
decremented value of the corresponding digit from the integer 112 (e.g., +10,023 and
9989 may be combined into +09,989).

[0030] By way of another example, referring to Fig. 1B, the data fusion component 150
may consider only the sign and most significant digit of the integer 112 along with all
digits of the unsigned integer 122 in calculating the combined estimated altitude value
132. The least significant digits of the combined estimated altitude value 132 may be
based on the unsigned integer 122. The sign and most significant digit(s) may be based
on the roll-over or roll-under of the unsigned integer 122 and sign and most significant
digit(s) 114 of the integer 112 (in Fig. 1B, only the tens of thousands digit is depicted). In
the case where the tens of thousands digit is the most significant digit, the data fusion
component 150 would only increment the tens of thousands digit of the combined
estimated altitude value 132 when the unsigned integer 122 rolls over from 9999 to 0000
(and similarly would only decrement the tens of thousands digit of the combined
estimated altitude value 132 when the unsigned integer 122 rolls under from 9999 to
0000). The most significant digit 114 could be required to be within plus or minus one of
the corresponding digit of the combined estimated altitude value 132, else an error
condition may exist due to the difference in estimated altitudes.

[0031] Changing between positive and negative elevations relative to sea level may also
require a slight change in calculations. For example, if a change in integer 112 from
+00,001 to -00,001 represents and two foot drop in altitude, but unsigned integer 122
would represent such a change as 0001 to 9999 when going from above sea level to
below sea level, the apparatus 100 can combine the estimated altitude values 112, 122
differently when below sea level. Unsigned integer 112 may have a cyclical range, such
that 0001 may represent 1 foot above sea level and 9999 may represent 1 foot below sea
level. If apparatus 100 determines that the sign for the combined estimated altitude value

132 should be negative, the unsigned integer 122 may be adjusted to indicate the number
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of feet below sea level by subtracting the unsigned integer 122 from its maximum value
plus one (e.g., 10,000 as disclosed in Fig. 1B). Thus a value of 9999 subtracted from
10,000 results in 1.

[0032] Fig. 4 shows a system for fusing two altitude sources, in accordance with various
embodiments. One type of altimeter for aircraft is an Air Data Module (ADM) 411, which
typically uses barometric pressure to calculate an estimated baro adjusted altitude 416.
An ADM 411 may estimate the barometric pressure by measuring the static pressure at
one or more points on the aircraft using static ports. Such an ADM 411 tends to have a
large range of measurable altitude (e.g., -10,000 feet through 80,000 feet relative to sea
level). An ADM 411 is typically calibrated while an aircraft is at a known altitude on the
ground. However, the accuracy of an ADM 411 using barometric pressure may change
in-flight as local weather conditions change or the aircraft crosses areas with different
local weather conditions.

[0033] Another type of altimeter for aircraft is a Central Air Data Computer (CADC) 421,
which utilizes various sensors to calculate air data for aircraft, including altitude. A CADC
421 may measure the static pressure at one or more points on the aircraft using static
ports. A CADC 421 may compensate for static source sensing errors, such as transducer
errors and position errors. Some CADCs 421 provide altitude information through a
synchro interface. A synchro interface transmits an analog signal representative of an
angle (0 through 360 degrees, with O and 360 being the same signal), which corresponds
to altitude. For example, O degrees may correspond to 0000 feet, 180 degrees to 5000
feet, and 360 degrees to 10000 feet, though the analog signal cannot distinguish between
0000 feet and 10000 feet (or multiples thereof). Thus, when used to indicate altitude, the
synchro interface may have a cyclical range between 0000 and 9999 feet. Such a CADC
421 may be able to operate over a larger altitude range, such as 0 through 80,000 feet,
though due to the cyclical range of the synchro interface, the synchro interface would be
unable to distinguish between increments of 10,000 feet of altitude. While the synchro
interface may not report the tens of thousands of feet of altitude, the reported altitude
information may be more accurate than other sources under certain conditions.

[0034] The ADM 411 may provide a baro adjusted altitude 416 that may include 5 digits

and a sign with an operable range from -01,000 to +80,000 feet. Baro adjusted altitude
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416 may be based on the measured barometric pressure, and may or may not already be
adjusted for local weather conditions (e.g., high/low pressure zone and/or temperature).
CADC 421 may provide an estimated altitude via a pressure altitude synchro. A converter
440 is similar to converter 140 and may be necessary to convert the signal from the
pressure altitude synchro into a synchro altitude 423. The synchro altitude 423 may be
represented by four digits and have a cyclical range from 0000 to 9999 that can roll-over
and roll-under. The ADM 411 may also provide the sign and most significant digit 414
(here, the tens of thousands digit) of an unadjusted pressure altitude to a component for
fusing two dissimilar altitude sources 401. The component 401 may also receive the
synchro altitude 422, 423. The component 401 may include a data fusion component 450
similar to data fusion component 150. The data fusion component 450 that fuses the sign
and most significant digit 414 of an unadjusted pressure altitude from the ADM 411 with a
synchro altitude 422 from the pressure altitude synchro of a CADC 421. The calculated
altitude from the data fusion component 450 may then be adjusted by subtracting 462 (or
in some cases adding) a barometric altitude adjustment 460 calculated based on local
weather conditions (such as high/low pressure zones and/or temperature) to produce a
baro adjusted synchro altitude 433. Comparator 470 may then compare the baro adjusted
altitude 416 with the baro adjusted synchro altitude 433 to determine which value to send
to an altitude display 480. Comparator 470 may base its determination on the relative
closeness of the two altitude values are 416, 433. If the two altitude values 416, 433 are
sufficiently close (e.g., the difference between them is less than a predetermined value or
less than a percentage of one of the values), the comparator 470 may send the baro
adjusted synchro altitude 433 to the altitude display 480, else it may send the baro
adjusted altitude 416 to the altitude display 480. The predetermined value may be a
number of feet (or meters, or another expression of altitude units) or determined during
testing or calibration to indicate an error has occurred in an altimeter or the altitude fusion.
In various embodiments, the comparator 470 may send an altitude type identifier to the
altitude display 480. The altitude type identifier indicates whether the sent altitude data is
the baro adjusted altitude 416 or the baro adjusted synchro altitude 433. The comparator
570 may consider additional factors in making its determination, such as signals

indicating whether the baro adjusted altitude 416 from the ADM 411 or the pressure
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altitude synchro value from the CADC 412 are valid. The altitude display 480 may display
the altitude as a sign and 5 digits. The altitude display 480 may be a digital liquid crystal
display (LCD) dedicated to displaying the altitude or part of a larger display. The altitude
display 480 may also indicate the altitude type on the display and whether the displayed
altitude is the baro adjusted altitude 416 or the baro adjusted synchro altitude 433.

[0035] Fig. 5 shows a computer system 500, which is illustrative of a computer system
that may be used in connection with the various embodiments disclosed herein. The
computer system 500 may be illustrative of, for example, a laptop, a desktop computer, a
computer within a node of several computers, or any other computing system that may be
connected to a network of computers. The computer system 500 comprises a processor
502, and a main memory 504 coupled to processor 502. Additionally, processor 502 and
main memory 504 may be coupled to storage device 506, and a network interface device
508.

[0036] Programs executable by the processor 602 may be stored on the storage device
506 (e.g., a hard drive, solid state disk, memory stick, optical disc), and accessed when
needed by the processor 502. Programs stored on the storage device 506 may comprise
programs to implement various processes on the computer system 500. In some cases,
the programs are copied from the storage device 506 to the main memory 504, and the
programs are executed from the main memory 504. Thus, both the main memory 504
and storage device 506 shall be considered computer-readable storage mediums.

[0037] In various embodiments, network interface device 508 may allow computer system
500 to exchange data over a wireless or wired network. In some embodiments the
computer system 500 may be connected to a plurality of other computers within a shared
network. Thus, while many aspects may be performed serially, various embodiments
enable parallel processing to speed up the overall processing time.

[0038] The apparatus 100 depicted in Figs. 1A or 1B or parts of the system depicted in
Fig. 4 may be implemented in a computer system 500. The input interfaces for the first
and second altitude sources 110, 120 may be implemented as part of a bus between the
processor 502 and the other components or as part of the network interface device 508.
The data fusion component 1560 and converter 140 may be implemented by computer

code stored in main memory 504 and executed by the processor 502.
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[0039] From the description provided herein, those skilled in the art are readily able to
combine software with appropriate general-purpose or special-purpose computer
hardware to create a computer system and/or computer subcomponents in accordance
with the various embodiments and methods.

[0040] Certain terms are used throughout the following description and claims to refer to
particular system components. As one skilled in the art will appreciate, companies may
refer to a component by different names. This document does not intend to distinguish
between components that differ in name but not function. In the following discussion and
in the claims, the terms “including” and “comprising” are used in an open-ended fashion,
and thus should be interpreted to mean “including, but not limited to... .” Also, the term
“couple” or “couples” is intended to mean either an indirect, direct, optical or wireless
electrical connection. Thus, if a first device couples to a second device, that connection
may be through a direct electrical connection, through an indirect electrical connection via
other devices and connections, through an optical electrical connection, or through a
wireless electrical connection.

[0041] The above discussion is meant to be illustrative of the principles and various
embodiments of the present invention. Numerous variations and modifications will

become apparent to those skilled in the art once the above disclosure is fully appreciated.
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CLAIMS

What is claimed is:

An apparatus comprising:

a first altitude input interface, wherein the first altitude input interface receives a
first altitude value;

a second altitude input interface, wherein the second altitude input interface
receives a second altitude value, wherein the second altitude value
indicated by the second altitude input interface has a cyclical range;

a data fusion component coupled to the first altitude input interface and the second
altitude input interface and configured to calculate a third altitude value
based on the first altitude value and the second altitude value; and

an altitude output interface coupled to the data fusion component, wherein the

altitude output interface outputs the third altitude value.

The apparatus of claim 1,

wherein the first altitude value comprises a first altitude value sign, one or more
most significant digits of the first altitude value, and one or more least
significant digits of the first altitude value,

wherein the third altitude value comprises a third altitude value sign, one or more
most significant digits of the third altitude value, and one or more least
significant digits of the third altitude value,

wherein the data fusion component calculates the least significant digits of the third
altitude value based on the second altitude value, and

wherein the data fusion component calculates the third altitude value sign and
most significant digits of the third altitude value based on the first altitude
value sign, most significant digits of the first altitude value, and a roll-over or

a roll-under of the second altitude value.

The apparatus of claim 2, wherein the number of the most significant digits of the
first altitude value is the same as the number of the most significant digits of the

third altitude value.
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The apparatus of claim 2, wherein the number of the least significant digits of the
first altitude value is the same as the number of the least significant digits of the

third altitude value.

The apparatus of claim 2, wherein the number of the most significant digits of the

first altitude value is 1.

The apparatus of claim 2, wherein the number of the most significant digits of the

first altitude value is 2.

The apparatus of claim 2, wherein the first altitude input interface receives the first

altitude value from an air data module.

The apparatus of claim 7, wherein the second altitude input interface receives the

second altitude value from a central air data computer.

A method, comprising the steps of:

receiving, by a first input interface, a first altitude value;

receiving, by a second input interface, a second altitude value, wherein the second
altitude value has a cyclical range;

calculating, by a data fusion component, a third altitude value based on the first
altitude value and the second altitude value; and

outputting the third altitude value.

The method of claim 9, wherein calculating the third altitude value based on the

first altitude value and the second altitude value comprises:

calculating a sign of the third altitude value based on the second altitude value, a
sign of the first altitude value, and one or two digits of the first altitude value;

calculating one or more most significant digits of the third altitude value based on

the second altitude value and one or two digits of the first altitude value; and
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calculating one or more least significant digits of the third altitude value based on

the second altitude value.

The method of claim 9, wherein calculating the third altitude value based on the

first altitude value and the second altitude value comprises:

calculating a sign of the third altitude value based on a sign of the first altitude
value, one or more digits of the first altitude value, and a roll-over or a roll-
under of the second altitude value;

calculating one or more most significant digits of the third altitude value based on
one or more digits of the first altitude value and the roll-over or the roll-
under of the second altitude value; and

calculating one or more least significant digits of the third altitude value based on

the second altitude value.

The method of clam 9, wherein receiving, by the first input interface, the first

altitude value comprises receiving the first altitude value via an air data module.

The method of claim 12, wherein receiving, by the second input interface, the
second altitude value comprises receiving the second altitude value via a central

air data computer.

The method of claim 9, further comprising:
receiving, by the second input interface, one or more synchro signals; and

converting the one or more synchro signals into the second altitude value.

A computer system comprising:

a processor,;

a memory coupled to the processor, wherein the memory stores a program that,
when executed by the processor, causes the processor to:

receive a first altitude value;
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receive a second altitude value, wherein the second altitude value has a
cyclical range; and
calculate a third altitude value based on the first altitude value and the

second altitude value.

16.  The computer system of claim 15, wherein the program, when executed by the
processor, causes the processor to calculate the third altitude value by causing the
processor to:
calculate a sign of the third altitude value based on the second altitude value, a

sign of the first altitude value, and one or two digits of the first altitude value;
calculate one or more most significant digits of the third altitude value based on the

second altitude value and one or two digits of the first altitude value; and
calculate one or more least significant digits of the third altitude value based on the

second altitude value.

17.  The computer system of claim 15, wherein the program, when executed by the
processor, causes the processor to calculate the third altitude value by causing the
processor to:
calculate a sign of a third altitude value based on a sign of the first altitude value,
one or more digits of the first altitude value, and a roll-over or a roll-under of
the second altitude value;

calculate one or more most significant digits of the third altitude value based on
one or more digits of the first altitude value and the roll-over or the roll-
under of the second altitude value; and

calculate one or more least significant digits of the third altitude value based on the

second altitude value.
18. The computer system of claim 15, wherein the program, when executed by the

processor, further causes the processor to:

calculate a barometric altitude adjustment based on local weather conditions; and

18
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calculate the third altitude value based in part on the barometric altitude

adjustment.

The computer system of claim 15, wherein the program, when executed by the
processor, further causes the processor to output the third altitude value and an
altitude type identifier to a display, wherein the altitude type identifier indicates
whether a displayed altitude is a baro adjusted altitude or a baro adjusted synchro

altitude.

The computer system of claim 15, wherein the program, when executed by the

processor, further causes the processor to:

receive a fourth altitude value;

determine whether the first altitude value and the third altitude value differ by more
than a predetermined value;

output the third altitude value when the first altitude value and the third altitude
value differ by less than the predetermined value; and

output the first altitude value when the first altitude value and the third altitude

value differ by more than the predetermined value.
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