US 20200273355A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2020/0273355 A1l

Popescu et al.

43) Pub. Date: Aug. 27, 2020

(54) SYSTEM AND METHOD FOR GNSS TO VHF (52) US. CL
CONVERTED DATA FOR INSTRUMENT CPC ......cc..... G08G 5/025 (2013.01); GOIS 19/15
LANDING SYSTEM LOOKALIKE (2013.01); GOSG 5/0021 (2013.01)
(71)  Applicant: Honeywell International Inc., Morris (57 ABSTRACT
Plains, NJ (US) A system comprises a GNSS unit onboard an aircraft, with
e . ] the GNSS unit operative to generate horizontal and vertical
(72)  Inventors: Michacl Popes?u, Phlo erg:l, AZ (US); ) deviation signals. An onboard converter unit is in commu-
ﬁogald SM 'Dsmllthi,G en A% AZS (US)’ nication with the GNSS unit, and an onboard radio naviga-
P N le g d : f}y € ezl;a, S (US); tion computer is in communication with the converter unit.
au en, lempe, US) The converter unit performs a method for converting the
(73) Assignee: Honeywell International Inc., Morris deviation signals to equivalent VHF instrument landing
ghee: Plai yV;U 3 " system signals. The method comprises receiving the devia-
ains, Us) tion signals; deriving signal modulations based on the devia-
. tion signals to produce localizer and glideslope digital
(21) Appl. No.: 16/284,541 signals; converting the localizer digital signals to a VHF
o localizer analog signal; converting the glideslope digital
(22)  Filed: Feb. 25, 2019 signals to a VHF glideslope analog signal; optionally per-
Publication Classification forming an integrity check of the VHF localizer and VHF
glideslope analog signals; performing high integrity switch-
(51) Int. CL ing between the VHF localizer/glideslope analog signals,
G08G 5/02 (2006.01) and the deviation signals; and outputting the VHF localizer
G08G 5/00 (2006.01) and VHF glideslope analog signals to the radio navigation
GO1S 19/15 (2006.01) computer.
J 300
Receive GPS horizontal and vertical deviation signals 310

h-

Derive signal modulations based on horizontal and vertical deviation =
signals to produce localizer digital signals and glidesiope digital signals 320

k:

Convert localizer digial signals to VHF localizer analog signals, and

glideslope digital signals to VHF glideslope analog signals 330

Optionally perform integrity check of VHF localizer analog signals and

VHF glideslope analog signals 340

¢

Perform high integrity switching between VHF localizer/glidesiope analog

signals, and horizontal and vertical devialion signals —350

2

Cutput VHF localizer analog signals and VHF glidesiope analog signals

to radio navigation computer —360




Aug. 27,2020 Sheet 1 of 4 US 2020/0273355 Al

Patent Application Publication

sAedsiq o) 4

L "©id
BUUSIUY (120 yoreoudde
adoisopis) pli— seiddng)
uonRBiAs(] . JoreBiaey
HBA 4HA ry
0l AjBeu JOIBIOS HOOIY
feubis adosspys Jo 0Ll SYYM/NIVY Qv yoeoiddy
‘ARDBJID PBAIRDSI IO ‘D) LY w
 psalep ‘uciBiAS UBA JHA T (6zv) :
{JHA Sidaooe} JBUBAUOT LIONRBIASD LISA S5
WOOAYN oipeY | eubig JeZIEs0 4O dHA _ {szyw)
T AROBMID PBAIBDEL 10 Q40 WG " UOHBIABD ZIOH

)

A

DOALSD UOlBIAS( ZIOH 4HA

UCHBIAS(]

ZI0H HHA | yorouddy

RUUSIUY
JBZIB0T V

8Ll

001

uono8ies

chi

sniels

A AjiBeaiuy

¥

(= Blonuen

w
9iL



BUlSIUY =
%mwmn@ ¢ Ol
0ci

US 2020/0273355 Al

w ; U (jeuondo) “
! saosspio) SO B BUDIS YO8 TLE n
M mlnmm MO#MmSﬁQEmQ @NMN“) iiiii “ m .w M WMU %M,u ﬁ m & m
w P ova !, {teyBi) !
- M 6L~ ;eweyuy 1 | SAGFSPID ZH 051 -—ZLZ i
s 1 B - D N— eubi _
g L300ISOpID) « 8 e 9 §i7 L (renbic) !
o B sezsequig | CO0IoPIO ZH 06 Bupjosyo |
eubig sdojsep . ¢ e
m w m mm 8 M PHS 108410 (2161 [ WMMW AaBsiuy - e i
: ; ; Uoasisg BUUBY) S SUCHEINDOW :
] M ¢ee— %wmwm ! adojsspyseziesoT) 5 euBIS ZHOGL/08 sng |dS m
N w m ﬂmmmﬁ ! spuewiwog Buun g~ SN0 BullL] SBALIB(] - m
o~ i : H ’ §
“ : _ ) FAYA reubis . _
2 M : m ﬁzﬁ%iav waw — mmamﬁm 1 OWN SUCHOUN MMM@MWMM%“
< ' 10ZIR00T |« @ ; [EUDIS P Ova ! ;
* @ P BTUROOT | b egisuy ) e (enbia) 10558001doIoIy | | jaouleied Sd9
g p PUE ) Ko p7? I 4 [TTISEESeT ZH 051 . o |
g m { GYWA (reubic) !
k> i & - 0LZ _
= ; BIE50] 2H 06 i
= w Bc7all-elely SO UM 1ozIsayuAs 1 n
- ! : Joauq [eubig n
= M g jolenpows( feubis yoayd Auubsiu !
2 m (feuondo) OLT 49U8AUDD JHA |
3 b e P UNY R §
lw BUUBIUY W UonRoSIeS SpoW Uoroiddy snes
< 18zZ1e207 AjiBony
g 8Ll
=
[~™



Aug. 27,2020 Sheet 3 of 4 US 2020/0273355 Al

Patent Application Publication

€ Olid

08€—

sandwion uoneBiaeu OIpRI 0}

sieubis Bojeue adojsapil 4 pue sipubis Bojeue Jezieao) 4HA Inding

2

0GE-

sjeubis UORBIASD [E2JSA PUR [BIUCZLOY DUe ‘sjeubls

Bojeue edosspybuezieoo] JHA uesmiag Buyoums Aubeiw ubiy uuousd

5

Ope—

sjeubis Bojeue sdosspif JHA

pue sieubis Sojeur JoZIE0! A JO o8y Abeaiu uuoued Ajpuondo

5

0gL—

sieubis Boeue sdosepib J4A o) sieubis eubip edosepib
pue ‘sieubis Bojpue J18Z1E00) JHA O sieulis pubip J8Z1BD0] UBALOD

Y

028

sieubis 1eubip sdojsepib pue sigubis pubip Jozijesol sonpoud o) sjpubls
UOIIBIASD [EDILIOA PUE [BJUDZLOY UC DBSE] suopeinpow jeulls arusg

N

OLe—

sjeubis UCHBIASD JBOILSA PUB BILUCZLIOY SdS) SBAISDON




2°14

a mammm:&mw,
edojsepije) Xz

US 2020/0273355 Al

@%w

JezissyiuAs oy Indino
{1enbip) ssuc sdojsepyb
wsieanbs 0] UCHBIASD
40 SNQQ UBAUDD

¥ Old

vEY
|

soaud Abau o)

/ uonenoes
\JezHeso g /S

lszisayiuAs o} Inding
{1renbip) ssuoy i9zijeso)
weeanbs o) uouRIAGD
30 SNQQ MeAUCD

)

sy

-« S3A
- i .

3 AApoos,

= adosapyb O Aubau N\
m pejie; uoday ON mmammmnm@

S ) " oy
S 85¥

N

(o]

&b

=

«

SBA

Patent Application Publication

[AVeSD)
dezygenol Aubey
pajie} uodey IBZIe00]
w ey
oy

suoneiaep adojsepyb
pue Jazijeoo; asedwion

F:

SWQQ o1
uoneiasp sdojsepub

[B3USA LIBAUOD

ocy

SNCIQ O3
UCHBIABD JSZIE00)]

[EILIOZUOY UBAUOT

oy

g1y

Buissso0id
eiec] induy

Ty

14%%

sBumes peey

w

oLy

Q0¥



US 2020/0273355 Al

SYSTEM AND METHOD FOR GNSS TO VHF
CONVERTED DATA FOR INSTRUMENT
LANDING SYSTEM LOOKALIKE

BACKGROUND

[0001] Localizer Precision with Vertical Guidance (LPV)
for aircraft operates using lateral and vertical deviation data
from a Wide Area Augmentation System (WAAS) capable
Global Positioning System (GPS) unit. The GPS unit con-
tains the operational database with all the required approach
data including the approach identifier and selection. The
GPS data is provided to a radio navigation computer, dis-
plays, and flight control systems in the aircraft to establish
the proper guidance for a pilot.

[0002] Intraditional installations, the LPV approach selec-
tion is done through a navigator or Flight Management
System (FMS). The navigator or FMS provides the corre-
sponding Final Approach Segment (FAS) data block for the
selected approach, enabling the GPS unit to provide its
approach data and deviation information to other avionics
systems, including the FMS when the approach is done
through the navigator and the radio navigation system when
the approach is done as an Instrument Landing System (ILS)
lookalike.

[0003] A problem for the traditional legacy ILS Lookalike
installations is the update that is required to enable the radio
navigation system (originally designed for ILS) to operate
using the GPS data, resulting in a costly and extensive
impact to the cockpit. This can become prohibitively expen-
sive for aircraft with a comparatively low hull value. To
minimize the impact and increase the compatibility of the
existing equipment for LPV or ILS Lookalike approaches, it
would be beneficial to develop ways to utilize the GPS
signal directly without the need to upgrade navigators,
radios, or avionics computers.

SUMMARY

[0004] A system comprises a global navigation satellite
system (GNSS) unit onboard an aircraft, with the GNSS unit
operative to generate horizontal and vertical deviation sig-
nals for the aircraft. A converter unit onboard the aircraft is
in operative communication with the GNSS unit, and a radio
navigation computer onboard the aircraft is in operative
communication with the converter unit. The converter unit
comprises a processor operative to execute instructions to
perform a method for converting the horizontal and vertical
deviation signals to equivalent very high frequency (VHF)
instrument landing system signals. The method comprises
receiving the horizontal and vertical deviation signals from
the GNSS unit; deriving signal modulations based on the
horizontal and vertical deviation signals to produce localizer
digital signals and glideslope digital signals; converting the
localizer digital signals to a VHF localizer analog signal;
converting the glideslope digital signals to a VHF glideslope
analog signal; optionally performing an integrity check of
the VHF localizer analog signal; optionally performing an
integrity check of the VHF glideslope analog signal; per-
forming high integrity switching between the VHF localizer/
glideslope analog signals, and the horizontal and vertical
deviation signals; and outputting the VHF localizer analog
signal and the VHF glideslope analog signal to the radio
navigation computer.
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DRAWINGS

[0005] Understanding that the drawings depict only exem-
plary embodiments and are not therefore to be considered
limiting in scope, the exemplary embodiments will be
described with additional specificity and detail through the
use of the accompanying drawings, in which:

[0006] FIG. 1 is a block diagram of a cockpit system with
a GPS/ILS converter unit, according to one embodiment;
[0007] FIG. 2 is a block diagram of the converter unit in
the system of FIG. 1, according to one embodiment;
[0008] FIG. 3 is a flow diagram of an exemplary method
for converting horizontal and vertical deviation signals to
equivalent VHF ILS signals; and

[0009] FIG. 4 is a flow diagram of an exemplary software
processing algorithm, providing further details of a method
for operating a converter unit that converts horizontal and
vertical deviation signals to equivalent VHF ILS signals.

DETAILED DESCRIPTION

[0010] In the following detailed description, embodiments
are described in sufficient detail to enable those skilled in the
art to practice the invention. It is to be understood that other
embodiments may be utilized without departing from the
scope of the invention. The following detailed description is,
therefore, not to be taken in a limiting sense.

[0011] A system and method are described herein that
provide Global Navigation Satellite System (GNSS) to Very
High Frequency (VHF) converted data for an Instrument
Landing System (ILS) lookalike. Specifically, the system
and method provide for the conversion of GNSS deviation
signals to the VHF equivalent deviations for use in opera-
tional aircraft approaches. In addition, a GNSS to VHF
conversion application can be implemented with the purpose
of re-use of an aircraft’s ILS display capability, by using a
GNSS deviation data to VHF radio converter with conven-
tional ILS navigation receivers.

[0012] The present system and method provide various
technical benefits, including allowing for a simplified solu-
tion for add-on/retrofit of a Localizer Precision with Vertical
Guidance (LPV)/ILS lookalike approach capability for air-
craft currently limited to ILS approaches, without radio
system changes. This solution can also be applied to systems
that do not have a Flight Management System (FMS). The
present approach also provides a way to minimize cost and
complexity for aftermarket adoption of a precision GNSS
approach with existing aircraft installations.

[0013] The present approach also allows utilization of
third party radio systems for alike functionality as the ILS
lookalike signals, once converted, would be industry stan-
dard VHF signal used by all radios. This would result in
possible new upgrades of older avionics platforms for large
airline fleets if these cockpits currently only have an ILS
approach capability for instrument flying.

[0014] In one implementation, the system and method
convert Global Positioning System (GPS) deviations to
equivalent VHF ILS glideslope and localizer deviations, and
utilize the converted deviations as inputs to an existing radio
navigation computer. The conversion can be accomplished
using a low cost, small scale converter that can digitally use
GPS signals to generate the VHF ILS signals. The synthe-
sized vertical and lateral deviation data enable an ILS
lookalike solution for LPV approaches without any radio
navigation system or integrated avionics computer updates,
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minimizing the cost and impact to the existing avionics
system. The switching between the localizer/glideslope sig-
nals and the VHF converted GPS signals is done through a
high integrity switch inside of the converter.

[0015] An onboard navigator unit used in the present
system can be any type of navigator or Flight Management
System (FMS) that can provide the respective GPS approach
from a navigation database. In order to choose an LPV
approach, the pilot selects this type of approach using a
cockpit panel that sends a request to the high integrity switch
function inside of the converter.

[0016] During an LPV approach, an LPV capable GPS
outputs digital horizontal and vertical deviations in the form
of ARINC 429 data, for example. To make this data usable
by the radio navigation system, these digital signals need to
be converted to VHF localizer and glideslope carrier signals
with 90 Hz and 150 Hz modulation signals to convey the
left/right high/low deviation data into the existing legacy
ILS display. The conversion is therefore a digital to analog
type of conversion, and to check the integrity of the result,
the analog output needs to be re-digitized as a check on the
output signal.

[0017] Further details of various embodiments are
described hereafter with reference to the drawings.

[0018] FIG. 1 is a block diagram of a cockpit system 100
for an aircraft, which includes an onboard GPS/ILS VHF
converter unit 110, according to one embodiment. The
system 100 also includes an onboard GPS unit 112 operative
to generate digital horizontal and vertical deviation signals
for the aircraft. An onboard navigator unit 114 is in operative
communication with GPS unit 112 and is configured to
supply approach data such as a Final Approach Segment
(FAS) data block selector to GPS unit 112. The GPS unit 112
provides Receiver Autonomous Integrity Monitoring
(RAIM) or Wide Area Augmentation System (WAAS) integ-
rity signals to navigator unit 114.

[0019] The converter unit 110 is in operative communi-
cation with GPS unit 112 and is configured to receive the
digital horizontal and vertical deviation signals (e.g., A429
signals) from GPS unit 112. The converter unit 110 is
operative to convert the digital horizontal and vertical devia-
tion signals to equivalent VHF instrument landing system
signals such as VHF localizer and glideslope deviation
signals. The converter unit 110 can be implemented as a
small line replaceable unit (LRU) in system 100. The
converter unit 110 is described in further detail hereafter.
[0020] A pilot display/controller 116 can be in operative
communication with converter unit 110. The pilot display/
controller 116 is configured to receive an integrity status for
GPS unit 112 from converter unit 110. The pilot display/
controller 116 is also configured to send an approach mode
selection to converter unit 110.

[0021] A localizer antenna 118 and a glideslope antenna
120 can also be operatively coupled to converter unit 110.
The localizer antenna 118 provides a VHF horizontal devia-
tion signal from a local source, and glideslope antenna 120
provides a VHF vertical deviation signal from the local
source.

[0022] An onboard radio navigation computer 122 is in
operative communication with converter unit 110, and is
configured to receive the VHF horizontal and vertical devia-
tion signals, derived from GPS unit 112, or received directly,
from converter unit 110. The radio navigation computer 122
is also configured to receive the localizer signal and
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glideslope signal from localizer antenna 118 and glideslope
antenna 120 through converter unit 110. Navigation infor-
mation is then output from radio navigation computer 122 to
one or more onboard displays.

[0023] FIG. 2 is a block diagram illustrating further details
of converter unit 110, according to one embodiment. The
converter unit 110 includes a receiver 210 configured to
receive GPS data such as digital horizontal and vertical
deviation signals from GPS unit 112 (FIG. 1). A processor
212 such as a microprocessor is operative to receive the
digital horizontal and vertical deviation signals from
receiver 210 through a serial peripheral interface (SPI) bus.
The processor 212 is operative to derive signal modulations
from the horizontal and vertical deviation signals, such as 90
Hz and 150 Hz modulation signals. The processor 212 is also
operative to perform integrity checking of the GPS deviation
signals, and output the integrity status, such as to pilot
display/controller 116 (FIG. 1).

[0024] As shownin FIG. 2, a first digital direct synthesizer
216 is operative to receive digital localizer signals output
from processor 212, such as 90 Hz and 150 Hz localizer
signals. A second digital direct synthesizer 218 is operative
to receive digital glideslope signals output from processor
212, such as 90 Hz and 150 Hz glideslope signals. The first
and second digital direct synthesizers 216, 218 each respec-
tively include an internal digital to analog converter (DAC)
217, 219.

[0025] A timing source 220 is configured to send timing
signals to each of digital direct synthesizers 216, 218. The
timing source is configured to receive tuning commands,
such as localizer/glideslope channel selections. A high integ-
rity switch 222 is operative to receive a localizer signal (e.g.,
at about 110 MHz) output by digital direct synthesizer 216,
and a glideslope signal (e.g., at about 330 MHz) output by
digital direct synthesizer 218. The high integrity switch 222
is also operative to receive an ILS localizer signal from
localizer antenna 118, and an ILS glideslope signal from
glideslope antenna 120. The high integrity switch 222 is also
operative to receive an approach mode selection signal, such
as from pilot display/controller 116 (FIG. 1). A final local-
izer signal and a final glideslope signal are output from high
integrity switch 222, such as to radio navigation computer
122. (FIG. 1)

[0026] As depicted in FIG. 2, a first demodulator 224 can
be implemented to receive the localizer signal output by first
digital direct synthesizer 216. The demodulator 224 has an
analog to digital converter (ADC) that converts the localizer
signal to a first digital integrity check signal, which can
optionally be sent to processor 212 for further processing. A
second demodulator 226 can be implemented to receive the
glideslope signal output by second digital direct synthesizer
218. The demodulator 226 has an ADC that converts the
glideslope signal to a second digital integrity check signal,
which can optionally be sent to processor 212 for further
processing.

[0027] FIG. 3 is a flow diagram of an exemplary method
300 for converting horizontal and vertical deviation signals
to equivalent VHF ILS signals, which can be performed by
a GPS/ILS converter unit, such as converter unit 110. The
method 300 comprises receiving GPS horizontal and vertical
deviation signals (block 310), and deriving signal modula-
tions based on the horizontal and vertical deviation signals
to produce localizer digital signals and glideslope digital
signals (block 320). The method 300 converts the localizer
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digital signals to VHF localizer analog signals, and converts
the glideslope digital signals to VHF glideslope analog
signals (block 330). The method 300 can then optionally
perform an integrity check of the VHF localizer analog
signals, and can optionally perform an integrity check of the
VHEF glideslope analog signals (block 340). High integrity
switching between the VHF localizer/glideslope analog sig-
nals, and the horizontal and vertical deviation signals, is then
performed (block 350). The VHF localizer analog signals
and the VHF glideslope analog signals are then output to a
radio navigation computer (block 360).

[0028] FIG. 4 is a flow diagram of an exemplary software
processing algorithm 400, providing further details of a
method for operating a converter unit that converts horizon-
tal and vertical deviation signals to equivalent VHF ILS
signals. The algorithm 400 initially performs a read settings
function (block 410), with the settings including an integrity
switch state, tuning commands, and configuration settings.
An input data processing function is then carried out (block
414), with the inputs (e.g., A429) being horizontal deviation
signals, vertical deviation signals, and an optional digital
integrity check. A determination is then made whether the
converter unit is switched on (block 418). If not, the algo-
rithm 400 exits the process (block 422). If the converter unit
is switched on, a horizontal localizer deviation signal is
converted to localizer Difference in Depth Modulation
(DDM) signals (block 426), and a vertical glideslope devia-
tion signal is converted to glideslope DDM signals (block
430). The DDM signals are a measurement of deviation
from the center of the desired path (to the runway centerline
in the case of localizer signals and to the runway touchdown
point in the case of glideslope signals).

[0029] The algorithm 400 then optionally compares the
localizer and glideslope deviation signals to an integrity
check (block 434). A determination is made whether the
localizer deviation signal integrity is good (block 438). If
not, the failed localizer deviation signal is reported (block
442), and algorithm 400 exits the localizer calculation
(block 446). If the localizer deviation signal integrity is
good, the DDMs of the localizer deviation signal are con-
verted to equivalent localizer tones (digital), which are
output to a digital direct synthesizer (block 450). The
algorithm 400 then exits the localizer calculation (block
446). A determination is also made whether the glideslope
deviation signal integrity is good (block 454). If not, the
failed glideslope deviation signal is reported (block 458) and
algorithm 400 exits the glideslope calculation (block 462). If
the glideslope deviation signal integrity is good, the DDMs
of'the glideslope deviation signal are converted to equivalent
glideslope tones (digital), which are output to another digital
direct synthesizer (block 466). The algorithm 400 then exits
the glideslope calculation (block 462). It should be noted
that as the integrity check is optional, in the case when the
integrity check is not performed, the conversion steps are
still always performed.

[0030] A computer or processor used in the present system
and method can be implemented using software, firmware,
hardware, or any appropriate combination thereof, as known
to one of skill in the art. These may be supplemented by, or
incorporated in, specially-designed application-specific inte-
grated circuits (ASICs) or field programmable gate arrays
(FPGAs). The computer or processor can also include func-
tions with software programs, firmware, or other computer
readable instructions for carrying out various process tasks,
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calculations, and control functions used in the present sys-
tem and method. The present method can be implemented by
computer executable instructions, such as program modules
or components, which are executed by at least one processor.
Generally, program modules include routines, programs,
objects, data components, data structures, algorithms, and
the like, which perform particular tasks or implement par-
ticular abstract data types.

[0031] Instructions for carrying out the various process
tasks, calculations, and generation of other data used in the
operation of the method described herein can be imple-
mented in software, firmware, or other computer- or pro-
cessor-readable instructions. These instructions are typically
stored on any appropriate computer program product that
includes a computer readable medium used for storage of
computer readable instructions or data structures. Such a
computer readable medium can be any available media that
can be accessed by a general purpose or special purpose
computer or processor, or any programmable logic device.
[0032] Suitable processor-readable media may include
storage or memory media such as magnetic or optical media.
For example, storage or memory media may include con-
ventional hard disks, compact discs, DVDs, Blu-ray discs, or
other optical storage media; volatile or non-volatile media
such as Random Access Memory (RAM); Read Only
Memory (ROM), Electrically Erasable Programmable ROM
(EEPROM), flash memory, and the like; or any other media
that can be used to carry or store desired program code in the
form of computer executable instructions or data structures.

Example Embodiments

[0033] Example 1 includes a system comprising: a global
navigation satellite system (GNSS) unit onboard an aircraft,
the GNSS unit operative to generate horizontal and vertical
deviation signals for the aircraft; a converter unit onboard
the aircraft and in operative communication with the GNSS
unit; and a radio navigation computer onboard the aircraft
and in operative communication with the converter unit;
wherein the converter unit comprises a processor operative
to execute instructions to perform a method for converting
the horizontal and vertical deviation signals to equivalent
very high frequency (VHF) instrument landing system sig-
nals, the method comprising: receiving the horizontal and
vertical deviation signals from the GNSS unit; deriving
signal modulations based on the horizontal and vertical
deviation signals to produce localizer digital signals and
glideslope digital signals; converting the localizer digital
signals to a VHF localizer analog signal; converting the
glideslope digital signals to a VHF glideslope analog signal;
optionally performing an integrity check of the VHF local-
izer analog signal; optionally performing an integrity check
of'the VHF glideslope analog signal; performing high integ-
rity switching between the VHF localizer and VHF
glideslope analog signals, and the horizontal and vertical
deviation signals; and outputting the VHF localizer analog
signal and the VHF glideslope analog signal to the radio
navigation computer.

[0034] Example 2 includes the system of Example 1,
wherein the GNSS unit comprises a global positioning
system (GPS) unit.

[0035] Example 3 includes the system of any of Examples
1-2, further comprising an onboard navigator unit in opera-
tive communication with the GNSS unit, the navigator unit
configured to supply approach data to the GNSS unit.
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[0036] Example 4 includes the system of Example 3,
wherein the GNSS unit provides receiver autonomous integ-
rity monitoring (RAIM) or wide area augmentation system
(WAADS) integrity signals to the navigator unit.

[0037] Example 5 includes the system of any of Examples
1-4, wherein the converter unit includes a receiver config-
ured to receive the horizontal and vertical deviation signals
from the GNSS unit.

[0038] Example 6 includes the system of Example 5,
wherein the processor comprises a microprocessor operative
to receive the horizontal and vertical deviation signals from
the receiver.

[0039] Example 7 includes the system of Example 6,
wherein the microprocessor is operative to derive signal
modulations, from the horizontal and vertical deviation
signals, comprising 90 Hz and 150 Hz modulation signals.
[0040] Example 8 includes the system of any of Examples
6-7, wherein the microprocessor is operative to perform
integrity checking of the horizontal and vertical deviation
signals.

[0041] Example 9 includes the system of any of Examples
6-8, further comprising: a first digital direct synthesizer
operative to receive digital localizer signals output from the
microprocessor; and a second digital direct synthesizer
operative to receive digital glideslope signals output from
the microprocessor; wherein the first and second digital
direct synthesizers each respectively include an internal
digital to analog converter (DAC).

[0042] Example 10 includes the system of Example 9,
wherein the digital localizer signals include 90 Hz and 150
Hz localizer signals; and the digital glideslope signals
include 90 Hz and 150 Hz glideslope signals.

[0043] Example 11 includes the system of any of
Examples 9-10, further comprising a timing source opera-
tive to send timing signals to each of the first and second
digital direct synthesizers, the timing source configured to
receive tuning commands including localizer and glideslope
channel selections.

[0044] Example 12 includes the system of any of
Examples 9-11, further comprising a high integrity switch
operative to receive an analog localizer signal output by the
first digital direct synthesizer; and an analog glideslope
signal output by the second digital direct synthesizer.
[0045] Example 13 includes the system of Example 12,
further comprising a localizer antenna and a glideslope
antenna operatively coupled to the converter unit through
the high integrity switch, wherein the localizer antenna
provides a VHF horizontal deviation signal, and the
glideslope antenna provides a VHF vertical deviation signal.
[0046] Example 14 includes the system of any of
Examples 12-13, wherein the radio navigation computer is
configured to receive a final localizer signal and a final
glideslope signal output from the high integrity switch.
[0047] Example 15 includes the system of any of
Examples 12-14, further comprising a display/controller unit
in operative communication with the converter unit, the
display/controller unit configured to receive an integrity
status signal from the microprocessor unit; and send an
approach mode selection signal to the high integrity switch.
[0048] Example 16 includes the system of any of
Examples 9-15, further comprising a first demodulator
operative to receive the analog localizer signal output by the
first digital direct synthesizer, the first demodulator includ-
ing an analog to digital converter (ADC) that converts the
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analog localizer signal to a first digital integrity check signal,
which is sent to the microprocessor.

[0049] Example 17 includes the system of Example 16,
further comprising a second demodulator operative to
receive the analog glideslope signal output by the second
digital direct synthesizer, the second demodulator including
an ADC that converts the analog glideslope signal to a
second digital integrity check signal, which is sent to the
MiCroprocessor.

[0050] Example 18 includes a method for converting
horizontal and vertical deviation signals to equivalent VHF
instrument landing system signals, the method comprising:
receiving horizontal and vertical deviation signals from a
GPS unit; deriving signal modulations based on the hori-
zontal and vertical deviation signals to produce localizer
digital signals and glideslope digital signals; converting the
localizer digital signals to VHF localizer analog signals;
converting the glideslope digital signals to VHF glideslope
analog signals; performing an integrity check of the VHF
localizer analog signals; performing an integrity check of the
VHF glideslope analog signals; performing high integrity
switching between the VHF localizer and VHF glideslope
analog signals, and the horizontal and vertical deviation
signals; and outputting the VHF localizer and VHF
glideslope analog signals to a radio navigation computer.
[0051] Example 19 includes the method of Example 18,
wherein the digital localizer signals include 90 Hz and 150
Hz localizer signals; and the digital glideslope signals
include 90 Hz and 150 Hz glideslope signals.

[0052] Example 20 includes the method of any of
Examples 18-19, wherein deriving signal modulations based
on the horizontal and vertical deviation signals comprises
converting the horizontal deviation signal to localizer dif-
ference in depth modulation (DDM) signals; and converting
the vertical deviation signal to glideslope DDM signals.
[0053] The present invention may be embodied in other
specific forms without departing from its essential charac-
teristics. The described embodiments are to be considered in
all respects only as illustrative and not restrictive. The scope
of the invention is therefore indicated by the appended
claims rather than by the foregoing description. All changes
that come within the meaning and range of equivalency of
the claims are to be embraced within their scope.

What is claimed is:

1. A system comprising:

a global navigation satellite system (GNSS) unit onboard
an aircraft, the GNSS unit operative to generate hori-
zontal and vertical deviation signals for the aircraft;

a converter unit onboard the aircraft and in operative
communication with the GNSS unit; and

a radio navigation computer onboard the aircraft and in
operative communication with the converter unit;

wherein the converter unit comprises a processor opera-
tive to execute instructions to perform a method for
converting the horizontal and vertical deviation signals
to equivalent very high frequency (VHF) instrument
landing system signals, the method comprising:
receiving the horizontal and vertical deviation signals

from the GNSS unit;
deriving signal modulations based on the horizontal
and vertical deviation signals to produce localizer
digital signals and glideslope digital signals;
converting the localizer digital signals to a VHF local-
izer analog signal;
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converting the glideslope digital signals to a VHF
glideslope analog signal;

optionally performing an integrity check of the VHF
localizer analog signal;

optionally performing an integrity check of the VHF
glideslope analog signal;

performing high integrity switching between the VHF
localizer and VHF glideslope analog signals, and the
horizontal and vertical deviation signals; and

outputting the VHF localizer analog signal and the
VHEF glideslope analog signal to the radio navigation
computer.

2. The system of claim 1, wherein the GNSS unit com-
prises a global positioning system (GPS) unit.

3. The system of claim 1, further comprising an onboard
navigator unit in operative communication with the GNSS
unit, the navigator unit configured to supply approach data
to the GNSS unit.

4. The system of claim 3, wherein the GNSS unit provides
receiver autonomous integrity monitoring (RAIM) or wide
area augmentation system (WAAS) integrity signals to the
navigator unit.

5. The system of claim 1, wherein the converter unit
includes a receiver configured to receive the horizontal and
vertical deviation signals from the GNSS unit.

6. The system of claim 5, wherein the processor comprises
a microprocessor operative to receive the horizontal and
vertical deviation signals from the receiver.

7. The system of claim 6, wherein the microprocessor is
operative to derive signal modulations, from the horizontal
and vertical deviation signals, comprising 90 Hz and 150 Hz
modulation signals.

8. The system of claim 6, wherein the microprocessor is
operative to perform integrity checking of the horizontal and
vertical deviation signals.

9. The system of claim 6, further comprising:

a first digital direct synthesizer operative to receive digital

localizer signals output from the microprocessor; and

a second digital direct synthesizer operative to receive

digital glideslope signals output from the microproces-
sor;

wherein the first and second digital direct synthesizers

each respectively include an internal digital to analog
converter (DAC).

10. The system of claim 9, wherein:

the digital localizer signals include 90 Hz and 150 Hz

localizer signals; and

the digital glideslope signals include 90 Hz and 150 Hz

glideslope signals.

11. The system of claim 9, further comprising a timing
source operative to send timing signals to each of the first
and second digital direct synthesizers, the timing source
configured to receive tuning commands including localizer
and glideslope channel selections.

12. The system of claim 9, further comprising a high
integrity switch operative to:

receive an analog localizer signal output by the first

digital direct synthesizer; and

an analog glideslope signal output by the second digital

direct synthesizer.

13. The system of claim 12, further comprising a localizer
antenna and a glideslope antenna operatively coupled to the
converter unit through the high integrity switch, wherein the
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localizer antenna provides a VHF horizontal deviation sig-
nal, and the glideslope antenna provides a VHF vertical
deviation signal.

14. The system of claim 12, wherein the radio navigation
computer is configured to receive a final localizer signal and
a final glideslope signal output from the high integrity
switch.

15. The system of claim 12, further comprising a display/
controller unit in operative communication with the con-
verter unit, the display/controller unit configured to:

receive an integrity status signal from the microprocessor

unit; and

send an approach mode selection signal to the high

integrity switch.

16. The system of claim 9, further comprising a first
demodulator operative to receive the analog localizer signal
output by the first digital direct synthesizer, the first demodu-
lator including an analog to digital converter (ADC) that
converts the analog localizer signal to a first digital integrity
check signal, which is sent to the microprocessor.

17. The system of claim 16, further comprising a second
demodulator operative to receive the analog glideslope
signal output by the second digital direct synthesizer, the
second demodulator including an ADC that converts the
analog glideslope signal to a second digital integrity check
signal, which is sent to the microprocessor.

18. A method for converting horizontal and vertical devia-
tion signals to equivalent very high frequency (VHF) instru-
ment landing system signals, the method comprising:

receiving horizontal and vertical deviation signals from a

global positioning system (GPS) unit;

deriving signal modulations based on the horizontal and

vertical deviation signals to produce localizer digital
signals and glideslope digital signals;

converting the localizer digital signals to VHF localizer

analog signals;

converting the glideslope digital

glideslope analog signals;
performing an integrity check of the VHF localizer analog
signals;

performing an integrity check of the VHF glideslope

analog signals;
performing high integrity switching between the VHF
localizer and VHF glideslope analog signals, and the
horizontal and vertical deviation signals; and

outputting the VHF localizer and VHF glideslope analog
signals to a radio navigation computer.

19. The method of claim 18, wherein:

the digital localizer signals include 90 Hz and 150 Hz

localizer signals; and

the digital glideslope signals include 90 Hz and 150 Hz

glideslope signals.

20. The method of claim 18, wherein deriving signal
modulations based on the horizontal and vertical deviation
signals comprises:

converting the horizontal deviation signal to localizer

difference in depth modulation (DDM) signals; and
converting the vertical deviation signal to glideslope
DDM signals.

signals to VHF



