WD 01/ 42993 PCT/ USOQf 33423 A LAYERED SUBSYSTEM ARCHI TECTURE FOR A FLI GHT
MANAGEMENT SYSTEM BACKGROUND OF THE | NVENTI ON 5 The present invention is
general I ywo®hadesd to flight managenent systems. More pargamousoanBaz3 the
present invention is related to a full-featured flight managenent system
that extends a single architecture to diverse subsystens (e.g.,

communi cation, controllers, nonitoring, and data link) that are normally

i ndependent|y managed and are not easily integratable. 10 Existing flight
managenent sysA bW ERED) SHUBSYHIEM ARCHITECTUREIRORA FhtGHTY and mai nt ai n.

H story has general ly shownMANAGENIENAVSYSTEM!t prograns that assune the
strict reuse of code from previous FMS prograns have unacceptably | ong

devel opnent schedul es agfcKdROEND OF DEERNVERTION! 9h costs. Furthernore,
using prior art FMS deve#opnent—ﬂethodU+Ugyr—m§en—there 15 are several FMs
devel opment prograns bei ng.executed concurrently, two or nore devel opnent
Ceans per f or T G PLGRN AVERLGR Foghoatal EIRSCHA SN, M RoChIEs SHS ey of

t aki ng advant age of each other's work. These | ong devel opnent schedul es,

cost oveMaraspadictlarlycithef present syweantipn sanelbtedate ra Hull-taatuked: Rightpr evi ous
FMS prograns' |ack of a software architecture that is well docunmented 20

and easinanayérizht ByStenbPirRextored & singleurchbbiné to aivefid sabdysesmshat can
be used for nmulti- system managenment within a FM5S are wel | thought-out and

b 0 : n |
used aur ey CARRRREARSY. ECER o RRiRia t O e P RE ARy o ©°

architecture, -
independently managed and are not easily integratable.

10 Existing flight management systems (FMS) are notoriously difficult to
modify and maintain. History has generally shown that FMS development
programs that assume the strict reuse of code from previous FMS programs
have unacceptably long development schedules and, therefore, excessively high
costs. Furthermore, using prior art FMS development methodology, when there

15 are several FMS development programs being executed concurrently, two or
more development teams performing similar development tasks have a low
probability of taking advantage of each other’'s work. These long development
schedules, cost overruns, and lack of team synergy can be attributed to the
previous FMS programs’ lack of a software architecture that is well documented

20 and easily extensible.

Because only a few software architectures that can be used for multi-
system management within a FMS are well thought-out and documented, the
primary artifact from previous FMS programs that can be used during
development of new FMS programs is code. Lacking such architecture,

25  modifications to existing code required to implement new FMS requirements



25 nodifications to existing code required to inplenent new FMS

requi rements WO 01/42993 PCTI USOQO 33423 -2 are typically made from an

i ndi vi dugd op@fsbyvar e devel oper's perspective. O ten, sof trearesoossges renment s
that are used as the basis for inplenentation do not reflect the original
probl em bei ng sol ved or the original ,capability being added. This leads to
a software solution that can be vi'r'faél'ly I nconprehensible froma 5 user's
standpoint. Over tinme, as changes upon changes are nade, the

i npl eneraratypicallyovagedram aprindividyeh botwamende\wieperis perspectivsr. t @fiea, nodul es
that all have the potential to depend on each other. Wen this occurs, the

resul t isoffwepé Gaglivementothelt tare anea. as fhe baesis fopimbleméntadohn i hesue can be
the fact that there are several FMS prograns executing simultaneously.
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desirabl g ,cnan es tha‘gtwlaare bei ng made on ot hﬁr .concurrent  F devel opnent

pr ogr ans | higHgads in @ soityare splufjin dhat; gan Be yiswaflyincomprehengbledfaBimel on two

or nore programteans are working on the same problemat the sanme tine and
are 1ot upensrstahdpaint.e Over IBneohbatianges. upberehdanges ae=dnade, the i nproved
flight managenent system (FMS) architecture that is conpatible wth the

di ff er enfnpRirREsatioh bbbembsr ahaifetharlédablee o vafdtims ol 6ftwhie types.
Such an inproved FMS architecture could formthe basis for a product |ine
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a s C%g ?esauiltrig rt.yapfiéailly “spaghetti-code.” Further complicating thé issue can be the
fact that there are several FMS programs executing simultaneously. Because
10 of this code-based development process, it can be virtually impossible for an
ongoing FMS development program to take advantage of desirable changes that
are being made on other concurrent FMS development programs. Therefore,
it can be entirely possible that the personnel on two or more program teams are
working on the same problem at the same time and are not generally able to
15  collaborate.

There is a need for an improved flight management system (FMS)
architecture that is compatible with the different pieces of flight-related
equipment on various aircraft types. Such an improved FMS architecture could
form the basis for a product line or family of related FMS systems, comprising

20 functions common to all aircraft types and functions peculiar to specific aircraft

types, such as a C-5 cargo aircraft.



WO 01/ 42993 PCT/ US00/ 33423 -3 SUWARY OF THE PRESENT | NVENTI ON Qur

I nvention is an inproved FMS architecture that can formthe basis for a
FMS prodwaoil4esss. Each FMS within this product |ine conprPGEESGNBIEA ons
common to all aircraft types and functions peculiar to specific aircraft
types, such 5 as a G5 cargo aircrafg,. _One aspect of the present invention
is an FM5 'l ayered subsystenmi architecture that enabl es diverse subsystens
at associ ated hierarchi I | ' anot her based on
pr edef i ned dependenciesgﬂm*ﬂ%h&&éﬁaﬁgﬁi mkm er aspect of the
present invention presents a nethod of controlling and coordinating
conmuni cat i on (retimesntiodiis ansrapsavesiysviSragchitechire that davEorm she basis feNVG
architectural rule is that each subsystem operation shall reflect a

real - wor IadFMSDBP&mahég Bt FMS Wit aﬁusaprbbugmné e8nipridBs i flhéionsA second
FMS architectural rule is that subsystem dependencies, within the FM5

mrror 15 corre S S fic
aircraft cogmggfqoglﬂglré}%ﬁégnge %?i@%gﬁéﬁﬂggﬁﬂ%g) %rgercnﬁ;gé cﬁ%‘?&%ﬁt %F&‘Ion and/ or
execution of software associated with each of the FM5 subsystemns.

Advant ag@susCyd calgo aiRgrafft i ve FMS automates functions that a flight crew
woul d routinely performduring flight operations and al so provides
additional 2@ glspeevef thiepeésentsinvbationvisilath BMS ripyered sabsyistema 1 i ght
crew to performmanual Iy under normal conditions. It is contenplated that

the | mPr fehdchRethat bfnIBs Shiite SIVERERR AUsHoRMIPhicHSHRE VR

constructe I er arc I ca

to interface with one another based on predefined dependenCIes within the
overall FMS.
10 Another aspect of the present invention presents a method of controlling
and coordinating communication between diverse subsystems within an FMS.
A first FMS architectural rule is that each subsystem operation shall reflect a
real-world problem being solved, such as a flight leg transition. A second FMS
architectural rule is that subsystem dependencies, within the FMS, mirror
15 corresponding real-world dependencies as defined by specific aircraft
operations. These rules are verified during implementation and/or execution of
software associated with each of the FMS subsystems.
Advantageously, our inventive FMS automates functions that a flight crew
would routinely perform during flight operations and also provides additional
20 high-leve! functions that would be impractical for a flight crew to perform
manually under normal conditions. It is contemplated that the improved FMS of
the present invention would comprise software constructed hierarchically as a

layered subsystem architecture and residing on a computing platform. The FMS



| ayered subsystem architecture and residing on a conputing platform The
FMS WO 01/ 42993 PCTI USO0/ 33423 -4 subsystens, within this | ayered

ar chi t eagyghoga29ncl ude the foll owi ng. (a) An operator intadTacseos8343yst em
provides a sinple and easy to understand interface between the aircrew and
aircraft and is responsible for collgcting FMS inputs fromthe aircrew and
5 presenting FMS outputs to the ai rcrew. This subsystem al so provides
operator services (application functions) allowing the aircrewto obtain

i nf or mat issRSEStEE; Within Biis laveced prehilesiyesinsludedhefelemigdi rect control  of
aircraft avionics equipnent. (b) A comrunications subsystem nmanages and

interprets 1QayonmAmbpetatonimtédacsndubsystemhsrodidesratimplacarebessywtes onboard
equi prent used for conmmunication. (c) A flight nanagenent subsystem
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mai nt ai ning an el ectronic an and aircra t gw

d) A dat abase managenent, su ro S, an ontr S access
\(/aai ous dat abases J%Ep%%%@@l g‘?eﬁoﬁ?ﬁt i §n'.nwf~j&ﬁmeﬁ & SYrMe A the

present invention will becone apparent to those of skill in the art upon
exani dati on of the greséntinghdMBtalitputs ttethe iarciew ofhis rsubsyateamtalsm or can
be | earned by practice of the present invention. 20 BRI EF DESCRI PTI ON OF
THE DRAW NGS provides operator services (application functions) allowing the
aircrew to obtain information directly from aircraft sensors or to
assume direct control of aircraft avionics equibment.
(b) A communications subsystem manages and interprets
10 communications to and from the aircraft and controls onboard
equipment used for communication.
(c) A flight management subsystem provides functions associated
with complex flight operations, such as maintaining an electronic
flight plan and providing aircraft guidance.
15 (d) A database management subsystem provides and controls access
to various databases and associated information.
The novel features of the present invention will become apparent to those
of skill in the art upon examination of the following detailed description of the
invention or can be learned by practice of the present invention.

20

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, in which like reference numerais refer to

identical or functionally-similar elements throughout the separate views and which



The acconpanying figures, in which like reference nunerals refer to
I dentical or functionally-simlar elenments throughout the separate views
and whi cwo\wD4B®3 42993 PCTI USOQ 33423 -5 are incor por at e®dTAUSINA3Rdr m part

of the specification, further illustrate the present invention and,
together with the detailed descriptigp_of the invention, serve to explain
the principles of the present invention. Figure 1 is a basic illustration

of an FM5 and its sur,roun% ng 5 environpent. Figure 2 is a block diagram
of subsy3feREOROERIET i and rEThP‘%"heffhﬁ@%ﬁtﬁcaﬁ@]’é@’%aﬁrd%ﬁ%%i%%e’ﬁi gure 3
il lustrates additional dependencies including subsystens from Figure 2. 10
Fi gur e 4inventon apdy txpetiegr wile theydietailedf dedveiption ©f the ivetdipncsemeitn Fi gur e
3. Figure 5 is a block diagramillustrating through arrows the conceptual

dependengigsindBHinciples %8'&5&&%&%@ included in an overall flight
managenment subsystem’ 15 Figure 6 is a block diagramillustration of

subsyst em depgendency, r.ul es, f.or.the flighf nma ment, subsyst em,depi cted in
Floure o Fi ohiir s 2besigqil8falios Toh TR BN 18 aUTRHTERE. and
Figure 8 is a substantially conplete subsystem|ayered representati on of
an over aEnviFwenepthi t ect ure and associ ated subsystens and dependencies 20
t herein.

Figure 2 is a block diagram of subsystems associated with the FMS and
related dependencies.

Figure 3 illustrates additional dependencies including'subsystems from
Figure 2.

10 Figure 4 is a layered representation of the subsystems depicted in Figure

Figure 5 is a block diagram illustrating through arrows the conceptual
dependencies among five avionics subsystems included in an overall flight
management subsystem.

15 Figure 6 is a block diagram illustration of subsystem dependency rules
for the flight management subsystem depicted in Figure 5.

Figure 7 is a layered representation of a decomposed FMS; and

Figure 8 is a substantially complete subsystem layered representation
of an overall FMS architecture and associated subsystems and dependencies

20 therein.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Our invention is an improved flight management system (FMS) 11, which



DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS Qur invention is an inproved
flight managenent system (FMS) 11, which WO 01/42993 PCT/ US00/ 33423 -6
conpri sewosaid29r e architecturally configured as | ayered BUDES38423. One
pur pose of devel oping this FM5 | ayered subsystem architecture is to
docunent inplenentation and dependgrgLrul es that nust be followed during
software devel opnent or nodification for individual subsystens contained
with the overall 5 FM5. This | ayered subsystem architecture can be used for
a pr oductcompiisesosoftware prehiectusaliy eenfigused \as lByered subsystems. aQng af t
types. This new and inventive FMS product line will be rooted in a solid,
domai n- bgaeposodt devetoping lthis &M 8 1ayeredsdbsystémi ardhiteaturel is fd/Boswhenar e

i npl ementation will be checked against that architecture. In contrast,
because I S

I mpl emn?@?&ﬁ%ﬁﬁgﬁﬁﬁv{@éﬁ?%ﬁ stllées‘remmdgrni%t %h{égddlf@dagég\ygﬁeoc

fashi on u what ever ans re re 'i et t I n Ee nost
expedi ent EJP"WWW ‘fﬂj‘oF‘ afn ﬂﬂ@ ! ﬁ %P‘é@ ‘ferr%rl tion of

the FMsS product |ine system the spaghetti-code syndr orre can be nostly
avert éd. FIMS. Hhiglayeved sgbsystencamhdeciUreBandes usedéer apradustiliseaotonpl ex,

15 integrated systemthat autonmates nmany flight crew functions that are

routinel famiig@lof pslated FMSigyatenhd iitvariBes alisraftajped. STHB W anflingentivd y, the
FMS is also able to provide several high- Ievel functions that were
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of viewit can be quite sinple. To the flight 20 crew, FMS can easily
be char acnd eachingyvidyal FR goiiware e'npl&&entaﬂ%wr" ke chwed against that

architecture. In contrast, because there are generally no architectural guidelines

10 for the implementers to foliow, current systems are implemented in an ad-hoc
fashion using whatever means are required to get the job done in the most
expedient way. By mirroring real-world dependencies during construction of the
FMS product line system, the spaghetti-code syndrome can be mostly averted.

The Flight Management System (FMS) described herein is a complex,

15 integrated system that automates many flight crew functions that are routinely
performed during flight. Because of its speed and ability, the FMS is also able

to provide several high-level functions that were previously impractical for a flight
crew to perform manually. Although the internal operation of such a system can

be complex, from the crew’s point of view it can be quite simple. To the flight

20 crew, the FMS can easily be characterized as the single interface to most of the
avionics systems in the aircraft and also as the system that houses an electronic
version of the flight plan. Perhaps the biggest challenge for the FMS architects,

especially with respect to human-factors, can be to continue impiementation of



avionics systens in the aircraft and al so as the systemthat houses an

el ectronic version of the flight plan. Perhaps the biggest challenge for
t he FVB wc01/42993t s, especially with respect to human-facPETRASIERA23De to
continue inplementation of WD 01/42993 PCT/ USQOQ 33423 -7 increased

conpl exity behind the scenes, while_preserving the sinplicity that can be
perceived by the crew. Tasks being perfornmed by flight nanagenent systens

are nunerous an enerally.c | ex. The |nproved FNB architegture
oot cdnb@aBrd copey L Hnes: WPIGRIERE NP S STRICY TREEFS01 ew of
the systemarchitecture that can be sinple and easy to understand. The FMS

ar chi t ect e peocmiveskby theecrew.y descri bed herein in terns of functionally
oriented subsystens as viewed fromthe perspective of an end-user. Wile

it can be ultivyadlpeihdgperbanéd bjaight AtariagehifR 3y sleh®areinUmé&oay aham mat ch

I o the conceptual view of the architecture, that "does not inply that the

I npl enent ati on,mu followa fu | I caonpesi Lion h, ._does
require, %%Q%r\?@f , g‘%’ﬁgféxf or Tﬁﬁe "Bﬁi)év?fxrﬁlﬂ% @ﬁngqgepcﬁﬂ%?ckpargﬁéﬁggarpek)%nchosen,
the concepts and rules inposed by the architecture, be faithfully adhered
to i n & heimplements eMplexite wérieresentingsa mser viemsef theessystam @eehitget g t he
architecture of the FM5 as with any system is to define the probl em being

sol ved anghat eamtendingld had @aByesundersthheh the systemis to operate.
Figure 1 depicts a notional representation of the FM5 11 and its

sur roundi ng enyhémﬁnérchﬁé&tlﬁ?é’%nt b gﬁ?{éltrgw dggéﬁﬁ@d“hgf‘&ﬁ%tt%ﬂﬂﬁiﬂk of it

sinplistic viewo e entire system S not unrealistic tot
i this functionally oriented subsystems as viewed from the perspective of an end-user.
While it can be uitimately important that the implementation of the system match
10 the conceptual view of the architecture, that does not imply that the
implementation must follow a functional decomposition approach. It does
require, however, that for the implementation approach that can be chosen, the
concepts and rules imposed by the architecture, be faithfully adhered to in the
resulting implementation.
15 The first step in designing the architecture of the FMS as with any system
is to define the problem being solved and to examine the context in which the
system is to operate. Figure 1 depicts a notional representation of the FMS 11
and its surrounding environment. Although the context diagram presents a
simplistic view of the entire system, it is not unrealistic to think of it in this
20 manner. After all, the FMS 11 is, to a great extent, simply an interface between
the aircrew 12 and the aircraft 13. Basically, using the interface provided by the

FMS 11, the operator 12 invokes the services provided by the FMS 11.

Depending on the service that is invoked, the FMS 11 can require information



20 manner. After all, the FM5 11 is, to a great extent, sinply an interface
between the aircrew 12 and the aircraft 13. Basically, using the interface
provi dedwoyoi4bews FMS 11, the operator 12 invokes the servPCEES@3d423ded by
the FM5 11. Depending on the service that is invoked, the FM5 11 can
require informati on WO 01/ 42993 PCT_/_L@Q(_)/ 33423 -8 fromaircraft sensors 14
and can control aircraft avionics equipnent 15. In addition, data can be

| oaded into and extracted fromthe FMS 11 using.an interface devjce 16.
Even thoEfQﬁ‘ @HEr3Hh/AeAZ0TE 4 Eég]p*?%} GPatol Airerpl %‘%P?ﬁqu&mﬁﬁﬂhég- @
presented by the context diagram there are actually several conplex tasks
bei ng pertditiong data [can bddodedd into anideexrtracted framuthderMSand usieg dax ai | s of
how the FM5 11 perforns its functions, it is beneficial to reviewthe

cont ent s jiabrfhbe detie X shown in Figure 1. In describing the functionality
of the FM5 101, its capabilities can be divided into just a few groups -
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entire FM5 11 resides on a co_rrputing platform 21, shown in Figure 2, to
acconpl i presented lyctheoeontaxt dingsamnthereoareoaciually several woyrplextasksni t ect ure
contained within the FMsS 11 is illustrated in Figure 2. At this

ar chi t ectpeirgj pérttried wittein thenEMDN$. Thetdfere, Ibuhdérstahdahe detaisdffiosnd in the
broadest sense. Therefore, internally, there are four major subsystens that

col | abor ghe Figs 39Sl lid RRCRYRL A & txfferiBel 18 AL thi LERMQYE g by the

FMS 11. The opera erface subsystem s Inputs fromthe

atrerew FMS box shown in Figure 1. In describing the functionality of the FMS 101, its

capabilities can be divided into just a few groups - called subsystems. Each one
10 of these subsystems is generally dependent upon other subsystems in order to
accomplish its function. Finally, the entire FMS 11 resides on a computing
platform 21, shown in Figure 2, to accomplish its function.
A representation of layered subsystem architecture contained within the
FMS 11 is illustrated in Figure 2. At this architectural level, the functions of the
15 FMS 11 are classified in the broadest sense. Therefore, internally, there are
-four major subsystems that collaborate to accomplish the overall set of
capabilities provided by the FMS 11.
The operator interface subsystem 100 collects inputs from the aircrew
operator 12 and presents outputs to the aircrew operator 12. This can be
20 accomplished via several means including without limitation, control display
units (CDU), electronic flight instrument systems (EFIS), and various
annunciators.

The communications subsystem 200 manages and interprets



operator 12 and presents outputs to the aircrew operator 12. This can be
20 acconplished via several neans including without |imtation, control
di spl ay wibds420830U), el ectronic flight instrunent systensPCERE®)/3342d
vari ous annunci ators. The comruni cati ons subsystem 200 nmanages and
interprets WO 01/42993 PCT/ US00/ 33423 -9 comuni cations to and fromthe
aircraft 13 and the equi pment used fof that conmmunication, including both
voi ce and data transm ssions. Interpretatlon of data-link information
provi ded W@uemﬁﬁnﬁéetar@nﬁomﬁh@g@f@ﬁ 1Thand togequiprpaet usedienthehn be
performed in this subsystem WD 01/42993 PCT/USQ0/ 33423 -10 The flight
manageerdonsmonsication iBeidirenbosvaitd ahdriddta oassatssionst kterpréthtioh lofi ng of
the aircraft 13, including for exanple flight planning and aircraft

gui dance-gofhn3hRhAREQHPAAGEE Y LORKRIABAIR danagEmenrlnRieMules S

access to the severa dat abases housed wthin e ov no f not abl y
a worl dw de, navi gati o a bas ot shown The diagramin Figure 2

depi cts dBehskgw )n%a@;gﬁsﬂ?é@)é é BisPSYSiem.r  dependenci es upon each
other as arrows, and the conputing platform 21 as the surrounding box. In
Figure 2, any dependency upon the conputing platform21 10 or the external

environnent (fromthe context diagram is not shown. However, it should be
cl ear that those dependencies actually do exist, both physically and



conceptual ly. Conceptually, the FMS internal subsystens (100, 200, 300, and
400) have nore of a dependency on the external environnent than the

conmput i ngopharder m 21. Physically, these subsystens (100,PQQQ5003833 and
400) 15 are dependent upon the conputing platform?21 to access the external
environment. This can be because the 4¢gonputing platform 21 has a physical
dependency upon aircraft wiring to affect external aircraft systens. Figure
3 shows not only the dependencies visible in Figure 2, but also the

addi tional depdiafbak r@@"ﬁ@%’ﬁ?@aﬂbsﬁt@@i@@@mﬂiﬁgﬁﬁ@”%’ﬁ‘ﬁmnﬁrﬁjsﬂﬂa’é%r m 21.
20 Notice that an additional subsystem equi pnent nmanagenent subsystem 500,
has been wvitidfiging Tid¢he winsrete 18§ inchaliry) forpesamhplesftighepenhinguinrsy atreraf500 i s
to provide a domain-level interface to external equi pment upon which the
per for rrag%@d@&?appl i cation functions, contained within the other subsystens
WO 01/ 42 | USOO 33423 -11 (100, 200, 300 and 400), can be based. For

I nstance, the _flight nmanagenent sybsystem 30 an_depend upon i.nputs from
an external | idie BAtotRR: HATAGRMSY o el 20 ghadsdim ncvr e

| ogi cal, domain-level interface to the INS can be inportant to flight
managémeraccesd ty theese\3wol databaseswhpused withirettfeaeersll iFMBomostrnetablyor e, t he
equi pnment nmanagenent subsystem 500 is responsible for inplenenting the

domai n- | eygbridwidy hahgatich 43@bbbS (H6f st | evel interface facilities
included in a conputing platformservices subsystem 600. This also shows
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200 1s ska%vl\)ﬁénggxciﬁgg uggrﬁ) eera]gﬁ rc]J%I'ileerSa\soanrrc;[vr/]se, a%%ttﬁg%%ﬁnpm%ﬂg%?ant?or#n 2410 g’s the
surrounding box. In Figure 2, any dependency upon the computing platform 21
10  or the external environment (from the context diagram) is not shown. However,
it should be clear that those dependencies actually do exist, both physically and
conceptually. Conceptually, the FMS internal subsystems (100, 200, 300, and
400) have more of a dependency on the external environment than the
computing platform 21. Physically, these subsystems (100, 200, 300, and 400)
15 are dependent upon the computing platform 21 to access the external
environment. This can be because the computing platform 21 has a physical

dependency upon aircraft wiring to affect external aircraft systems.

Figure 3 shows not only the dependencies visible in Figure 2, but also the
additional dependencies from each subsystem on the computing platform 21.
20  Notice that an additional subsystem, equipment management subsystem 500,
has been added. The purpose of the equipment management subsystem 500

is to provide a domain-ievel interface to external equipment upon which the

performance of application functions, contained within the other subsystems



equi pnrent managenent 500, and conputing platform services 600 subsystens.
An inportant aspect of the |ayered subsystemarchitecture is illustrated in
Fi gure 3woloi/43999ul d be noted that the dependenci es bet weerCBUSI®B3428NE ar e
illustrated in a "downward" direction. Subsystens can only depend upon

I nputs 15 from ot her subsystens in tﬂe sanme or |ower hierarchical |ayers.
There is no dependency of any |ower subsystem on those subsystens above it.
The architecture can be totally gr?edi cated on the enforcenment of what is

known as (100,206 38¥yane A08k mandes based) Eor ingtancribe dighthraanpagrmeerty rul e

states that, "A given subsystem may depend only upon another subsystemin

the sane spbsgftehPBB0 dliredépéemd epbnl inpafssfromfhn ktshal ertisiavavigation "
portion of the rule is not illustrated in Figure 3, its use wll becone

appar ent B3N RS RBE sHOGHP AhibiRe ISoRCTbmblRd P RLOD B I8 S ule

I's that Subsy can b upon | ower-Tevel
subsystens to acconplish their function, but not WD 01/42993 PCTI USOQ 33423
-12 vi ceScaarhaimportantde fightimanagsranntsilisystana 399; the lownleyvehinterfags - ser ver
scheme where the clients are always above their avail able servers. This

ar chi sectisinel. THerefane ghewqaipmentpnasadementsubsystem 50Gis respossibledos ar e

desi gned such that the client is nostly irrelevant. It is inportant in

preservi magié?ﬁeﬂétg%rgﬂ{é Y in—ié\l’elj %/téié%&é Yo %F?hNtseﬁéingloRbléﬂleF it€erface

subsyst em depen cy rule be enforc at all subsystens of the system The
Bl BT Lo B RS B e
contained in the various subsystens within the FMS, are independent of the
shows that the equipment management subsystem 500 has a dependency on
the computing platform services subsystem 600. The communication subsystem
10 200 is shown having dependencies on the database management 400,
equipment management 500, and computing platform services 600 subsystems.
An important aspect of the layered subsystem architecture is illustrated
in Figure 3. It should be noted that the dependencies between subsystems are
illustrated in a “downward” direction. Subsystems can only depend upon inputs
15 from other subsystems in the same or lower hierarchical layers. There is no
dependency of any lower subsystem on those subsystems above it. The
architecture can be totally predicated on the enforcement of what is known as
the “subsystem-dependency rule.” The subsystem-dependency rule states that,
“A given subsystem may depend only upon another subsystem in the same or
20 lower hierarchical layers.” Although the “same layer” portion of the rule is not
illustrated in Figure 3, its use will become apparent in subsequent views of the

system. The implication of this rule is that higher-level subsystems can be

dependent upon lower-level subsystems to accomplish their function, but not



I 0 operator interface subsystem 100. Therefore, the operator interface
subsystem 100 can be nodeled as the ultimate client, |ocated at the top of
t he | ayewedi/4moghitecture, while the rest of the appli cathGIAUSOHAXRE ons are
contained in subsystens in |ower |ayers within the hierarchy. By follow ng
the subsystem dependency rule, no_dependency can exist between these
subsystens and the 15 operator interface subsystem 100. Therefore, the

i ntroduction of a new type of operator interface subsystem perhaps

requi r ed Visg-¥erspe &nforeing this dependgncy iwe establishescliantsefvasschaae

under |l yi ng FM5 subsystens, just as one would expect. Wth a slight

vari at i onHeredhagtiantsi ave, alvags aboketthelr @veailatsle seevers eVidhis architelctugal | y
different manner. In Figure 4, the sanme subsystens depicted in Figure 20 3

are represant ooyl hokiBle 16 RRABIRN S thePsSvBR are [dd @'?L’Rﬁ] fnaetenl y
Ao+ s?gor t

disthct:ond f e two representations, except e obvi ous
graphical . difference., The diff.erence,. however, can be guite inpaortant in
oy o ¢ I awesty Gelevart I sy RRereat nmsssina HEreBaat ofie s
subsystem di agram of Fi gure WD 01/42993 PCTI USQQO 33423 -13 4 shows all the
pot enti alarchitfestutertbatthetsubsystemsdependansyulet kemenforges at allsubsysteams syst em
has the benefit of providing inplicit guidance for design decisions during
devel oprrqﬂqhélgglstgm.ure syst em upgr ades because of the subsystem dependency
rule. By using the |ayered subsystemdiagramin Figure 4, one can 5 verify

that the dependenci | Prlold Fi ' f.
dependency tu?ﬂ%e %ﬁggén%%%?ﬁg&%@ﬁ%ﬁ u{b%z%tgn%ggég%%%dgd 'fu(%(l_r:‘ '33%%4 I oni ng
whet her the overall systemrepresentation is correct, the system
funct i ondiilustiated indhe follpvaag sexssapleantdsaly: Ak of ithe %QPH%%‘?%?H'EFFQS’@ISam is
truly representative of the

contained in the various subsystems within the FMS, are independent of the

10 operator interface subsystem 100. Therefore, the operator interface subsystem
100 can be modeled as the ultimate client, located at the top of the layered
architecture, while the rest of the application functions are contained in
subsystems in lower layers within the hierarchy. By following the subsystem-
dependency rule, no dependency can exist between these subsystems and the

15  operator interface subsystem 100. Therefore, the introduction of a new type of
operator interface subsystem, perhaps required by a specific aircraft type, will
have no effect on the underlying FMS subsystems, just as one would expect.

With a slight variation in ciiagramming, the architecture can be viewed in
slightly different manner. In Figure 4, the same subsystems depicted in Figure

20 3 are represented, but their dependencies are not. This can be the only
distinction between the two representations, except for the obvious graphical
difference. The difference, however, can be quite important in laying the ground

rules for system development. Indeed, the layered subsystem diagram of Figure



potenti al dependencies. It can be inportant that the subsystem di agram be
kept io at a real-world domain | evel of understanding. By keeping it at

t hat | ewgb.o14i993 Shoul d be cl ear what the set of valid potrrrused/33423
dependenci es actually is. Then, again because domain | anguage i s being
used, when consulting domain expertgg _such as navigation equi pment

engi neers, regarding the validity of “dependencies, the diagramcan be

i nterpreted and understood by both the FM5 15 system architects and these
domai n edsbews. al\the|potential dependsnsiessiptoxsidmtiae system. of higviayy ef the
illustrates potential dependencies between the FM5 and the external

envi r onmepétem has thedberiafiv ohpgividing inaplicit\qeliddrzeddedesige idgcaitisaisinghe t ot al
set of capabilities generally provided by the FM5. As long as the

subsyst egbgg@ﬁﬂ%ﬁ-ﬂtcﬁga ‘rjrgtjﬁu}es F{%‘télﬂ"‘%ﬂgrémé@"%ogu%g iof the \giiblsfsfephf ur t her

deconpos or subsySt ens. econposi tion of each

maj or subsystem furth refines its functionality and .clarjfies the

pot ant | aReDRRGANE Uik JaK HSRBTES lavelsd RroaED s 0 TSR 4. CBBHAR e i nt o
sub- subsystens, can be perfornmed as |long as the resulting WD 01/ 42993

PCT/ USOOvasH2 that- theé diepgndencies\ioythea diagigomabldgue @ arg valider 3t @ndi ng.
Agai n, each of the sub- subsystens should be defined using domai n | anguage.

For i1l ugbpahdénty tAHPORES betiftalid, tHEM theRNRBAEHALIS fordipstbaiy IHethas been
further deconposed and the result is shown in Figure 5. 5 I'n Figure 5,

concent e RORRILSIATT GBI GILE S B FRL S e fRRLETARY e o
rranagener&tndgyst%ggg,taennc} \?vohgiheer"%rc\g rs(leibQ)gstter% giggraimq\{g ?rtuilyornebrééentative of the
potential dependencies. It can be important that the subsystem diagram be kept
10 at a real-world domain level of understanding. By keeping it at that level, it
should be clear what the set of valid potential dependencies actually is. Then,
again because domain language is being used, when consuiting domain
experts, such as navigation equipment engineers, regarding the validity of
dependencies, the diagram can be interpreted and understood by both the FMS
15 system architects and these domain experts.

While the top-level subsystem diagram of Figure 1 illustrates potential
dependencies between the FMS and the external environment, it is at too high
of a level to adequately address the total set of capabilities generally provided
by the FMS. As long as the subsystem-dependency rule is followed, however,

20 it is valid to further decompose each of the major FMS subsystems. The
decomposition of each major subsystem further refines its functionality and

clarifies the potential internal dependencies. Further decomposition, for

example into sub-subsystems, can be performed as long as the resulting



this point in the deconposition, the focus is on determ ning how the
capabilities of the overall FMS 11 are broken down and what the

rel ati ongbiopa2d9et ween i o those capabilities are. To det erpdTEsodAR2pr oper
breakdown, it is useful to renenber that the purpose of the FM5is sinply
to automate various functions that the flight crew 12 had traditionally
performed. Therefore, it is not wunreasonable to expect the resulting FM5
design to directly nodel functions that it is automating. Again, it is

i npor t andiagsamsteaVeys arfeaserhie leveh gl daderstanding /e\galmsegasef War i ng
system devel opnent so that domai n expertise can easily be wused to evaluate
its corrgghsistems! shbuldube Befindee using rddmaiguilataguages ubByrs tilkrstraBi®d i s shown
to have dependencies on the flight engi neering 320, navigation 330, and

1ot PLARusRg the I@ﬂgg%gé ent%sggéppgggﬁas%@ehmwd&o gyst em 350,

on the o ahd, ent on't t planning 340 an

navi gati on 330 suhsystens.. In the_devel opnment of the deconposition shown in
Fi gure 5,3"146“%{?%& '%c?&‘o"ma'é‘ '%SP'E? Po the structure of dependencies. Rat her,
it was nodeled strictly from a "what-really-happens-in-the-real-world"
perspective. I Figugederconchptual ependenviesoamopgofiveecibtssbeysems - 15 are
sinply rearranged on the diagram it becones clear that even the real-world

repr esentgdre8entig Fi-workt sirerhft! flightopeiationt) ars bRBWARMNSIABE withih @s  t hat
have been set forth. This view of the deconposed flight managenent

Subsyat chereRtER DY HdrRbEherf sbbgifien o, ZERatind e o ihvirtRp, A

assurance that the nodel is correct. O course, just as for overall FNMS
system thi® pRintiniherdeeamprsilipr the fogusds on determining how the capabilities

of the overall FMS 11 are broken down and what the relationships between
10 those capabilities are. To determine the proper breakdown, it is useful to
remember that the purpose of the FMS is simply to automate various functions
that the flight crew 12 had traditionally performed. Therefore, it is not
unreasonable to expect the resulting FMS design to directly model functions that
it is automating. Again, it is important to stay in the domain language as long as
15 possible during system development so that domain expertise can easily be
used to evaluate its correctness. In Figure 5, the aircraft guidance subsystem
310 is shown to have dependencies on the flight engineering 320, navigation
330, and flight planning 340 subsystems. The navigation radio tuning
subsystem 350, on the other hand, is dependent on the flight planning 340 and

20 navigation 330 subsystems.
In the development of the decomposition shown in Figure 5, no attention
was paid to the structure of dependencies. Rather, it was modeled strictly from

a “what-really-happens-in-the-real-world” perspective. If, however, the functions



deconposed flight managenent subsystem 100 in Figure 6 can be represented
using a | ayered subsystem di agram The | ayered subsystem vi ew of the
deconpose §1l42993t nmanagenent subsystem 100 can t hen be | nPEDHU&E3413nt 0 t he
i o | ayered subsystem diagramfor the overall FMS to get a nore detailed
under st andi ng of the internal depenge?‘lgi_es wi thin the overall FM5.
Referring to Figure 7, the conposite |ayered subsystem di agram shows the
ef fect of deconposing the flight managenent subsystem 100 into sub-
subsyst endeSinply rearanged ondhe diagiamz 8 dPecemes clerrdhal evanvibedpalwarld 5
architecture. Sim/lar deconpositions can be perfornmed on the other major
subsyst enepsesentationt oftthe systep fetllows ths gabsysteinaippamdency tules that haee FVS 11
can be derived. It is inportant to realize that the subsystens within the

ar chi t ectpy, tffoﬁﬁ.v?hiseiﬁé\n%‘?'Iﬂédéégﬁﬁ%se%rﬂ%ﬁﬁngﬁ%éﬁéﬁﬁéﬂH%XQl'eH?ﬁ@Ot he

change in subsystens can be inevit arc ecture, however, nust

al ways refl.ec O0,dopgmni n Level |angu otenti al dependenci es that

el vct | cRdnRateddF F@une BoiMisrely MEE RS A R SuERusEm SEREDIREN Gl of ¢ he
entire FM5 11 is showmm in Figure 8. Notice that the conplete |ayered

subsyst erfalis obt otiheudesigm pravidessomefassiicancenthat thg orodelilsssareats in their
deconposed states. In fact, upon WO 01/42993 PCTI USOQ 33423 -16 further

anal ysi s of thefEdlirseljnsyad Rifovetdll FRAS listeiaviaeeferabeticdl dRigramsofteé
anot her class of functions, that act as an " automated crewnrenber, that nust

added t o SETRREg ol anddBehE ST e TP furd RS il "
aut omat ed 5 crewnenber subsystem 360 was added foll owi ng a subsequent
desi gn reNgiagya layered subsystem diagram. The layered subsystem view of the
decomposed flight management subsystem 100 can then be integrated into the
10 layered subsystem diagram for the overall FMS to get a more detailed
understanding of the internal dependencies within the overall FMS.

Referring to Figure 7, the composite layered subsystem diagram shows
the effect of decomposing the flight management subsystem 100 into sub-
subsystems (310, 320, 330, 340, and 350) on an overall FMS system

15 architecture. Similar decompositions can be performed on the other major
subsystems such that the complete subsystem diagram for the entire FMS 11
can be derived. It is important to realize that the subsystems within the
architecture are never etched in stone. As the FMS system evoives, the change
in subsystems can be inevitable. The architecture, however, must always reflect

20 domain level language and potential dependencies that reflect the real-world
view of the FMS 11. A layered subsystem view of the entire FMS 11 is shown

in Figure 8. Notice that the complete layered subsystem architecture shows

each of the other major subsystems in their decomposed states. In fact, upon



of the FM5 illustrates that the position and nunber of both hierarchical

| ayers and subsystens within each | ayer can remain fluid during

devel opmwoto1/42®3t he FMS product |ine design progresses, HdTUS®08343 on and
nunber of both hierarchical |ayers and subsystens within each |ayer wll
solidify, but there will io be additygnal nodifications, during initial FMS
devel opnent for the first several specific aircraft types. Each subsystem
of one representative FM5 11, within a planned FM5 product |ine, that
embodi esfWtherianalysis of the FMSsubsyatesas.ohwasedisepyeresribiat ithesieuigeyathe

pur pose of the subsystem (at a very high level), the relationship of 15

t hat subapethenclass ofi inctiohs, dhat dot asErsnatopnated enévameatber, tHat mudtéeFMS, and
the design concepts and architectural philosophies of the subsystens. Each

e ! ( ( : |
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processing that are a part o system e only
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units (CDU) and electronic flight instrunment systens (EFIS) but can
i ncl utle arewroember gubsysienr36l wae addedifolldwingiar sutesequentdesigs eeviewaf f ect
the operation of the FM5. Wiile it may seemtrivial, there are only two

parts t ooi\ADEMENBStrAeE thaPfHe3gdsiion ahd rMRbEt SF bdtAtiRéipsiicamapaeent -

collecting and interpreting inputs fromthe aircrew 12 and gathering,

| ¢ R S e B TR oo B R P B, LR e
that the RS product Tine” GeSign. progresses, the postion and mumber of both
hierarchical layers and subsystems within each layer wili solidify, but there will
10 be additional modifications, during initial FMS development for the first several
specific aircraft types.

Each subsystem of one representative FMS 11, within a planned FMS
product line, that embodies our invention is described below. Descriptions
include the purpose of the subsystem (at a very high level), the relationship of

15  that subsystem to the rest of the subsystems contained within the FMS, and the
design concepts and architectural philosophies of the subsystems. Each
subsystem can be described in broad terms with respect to the inputs, outputs,
and processing that are a part of that subsystem.

The only responsibility of the operator interface subsystem 100 is to

20 manage all aircrew 12 interfaces to the FMS. This primarily includes control
display units (CDU) and electronic flight instrument systems (EFIS) but can

include any other device or system that the aircrew 12 can use to affect the

operation of the FMS. While it may seem ftrivial, there are only two parts to



5 underlying operation. For exanple, when the aircrew nakes an input to the
FMS requesting that sonme operation be perfornmed; the operator interface
subsyst ew0k@@2993 only aware that sonme application functi oRCEUSW334280
support that operation and which input parameters are required. For
outputs fromthe FMs 11, the operatqr interface subsystem 100 is aware
that some application io function is providing data for presentation to the
ai rcrew 12, but  i.s not involved [ nlflcant manl té %I on_of that
(o
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into a CDU nanagenent subsystem 110 and an EFI S managenment subsystem as
shown i n afficoew d 28and lgatinening, fonmpatiingo fandhpresenting sybteys tirfosnation domed
within 15 the operator interface subsystem 100 is the CDU nmanagenent

subsyst eyt to bRé aterevPi 2t hﬁn@eaﬁIa%cfiﬁ{@a@mté&tu?@bhmésmebedmheby a
typical CDU. This typical CDU has a general -purpose interface conprising a
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tuning. This general pur pose interface, which entails a | arge nunber of
possi bl e U@dterlymgomﬁrﬁﬁ@nor@r exaamplgewhen: thesaietewgankes aspaplt fatheur pose
I nterfaces such as cockpit switches or dials, where there are alimted

nunber ofF IS Seghksting pbihts sofﬁeeogemtirothéqserfcﬂmeﬂ; thbeop@ratort mterfadal
interface drives the conpl exi ty of the CDU managenent WO 01/ 42993
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Al though trt\a?teo Eration Ian emr?u tpuarrgm%ttertshaeretréghncrg(li. EDUoﬁPpuet‘s fr'otm ﬂwf fieult
FMS 11, the operator interface subsystem 100 is aware that some application
10 function is providing data for presentation to the aircrew 12, but is not involved
in any significant manipulation of that data.
It may be desirable to decompose the operator interface subsystem into
a CDU management subsystem 110 and an EFIS management subsystem as
shown in Figure 8. The more complex of these two subsystems contained within
15 the operator interface subsystem 100 is the CDU management subsystem 110
because of the complex data entry methods employed by a typical CDU. This
typical CDU has a general-purpose interface comprising a keyboard and several
buttons where a functional meaning of each button can change depending on
an operational context, such as communication radio tuning. This general-
20 purpose interface, which entails a large number of possible entry combinations,
can be contrasted against specific purpose interfaces such as cockpit switches

or dials, where there are a limited number of possibie inputs. The generic nature

of the resultant CDU interface drives the complexity of the CDU management



to manage, its flexibility makes it a very attractive man-machi ne interface
for the 5 aircrew 12. Advantageously, our inventive architecture wll
al | ow t hevoeotr429%8 operati on of the FMS 11, from the vi ewpoP@T/USE0/AMS aircrew
12, to change without any change to the underlying applications within the
FMS. Because of this, the interfacessgo the underlying applications,
contained within the various subsystens within the FM5 architecture,

shoul d be |l defined and the io i cations thensel ve st never
o rees |y bRt ] Recanss argew 12 BBl Sahy By s pn e gt haRimacBast
managenent subsystem 110 can be based around "CDU pages”. A CDU page is a

set of i rfecimplementachwithinsa dpegifiappdrationaheontext tine on the di spl ay
surface of the CDU Generally, related information is shown on is a CDU

page such thatAfHaRigH the généﬁil-p@fpdﬂesﬁétﬁyééfwt??%ﬁ@lﬁrﬂdkés refiffe@e set  of
options that define the operations that a set 0f buttons on a CDU bezel

oper at | or edfiaalafi JERBARTH RS Jor AR EGRe Anaddife il or ¥ oo,

scratchpad are used to comunicate the data. These basic concepts of CDU
oper ati orRiSFRW| . bAdvaniagaaushu s ipverlive apchitestite suithallows the) entire pages
defined in the system thus formng a framework for the managenent of CDU

pages. Fiopzration éfithe EMBdd| flotmethe wiewaint ¢fithe Rirbsews 1 2t dhdage avithoabncer ned
with the CDU as an input/output device. The CDU nanagenent subsystem 110,

VO 01/ 42%()%?@%58%@%8?@&5 g@%ﬁéﬁid?ﬁ%%h?ﬂéér‘ FMS BBEAXOSf thid @d ace

subsyste as the so onsibrlity I nterpreting I nputs and

converti riﬁtet aecrensI P& Othlentuenrdré?llyin(gj;ata%plications, contained within the various

subsystems within the FMS architecture, should be well defined and the
10 applications themselves must never directly reference the operator interface
subsystem 100.

The CDU management subsystem 110 can be based around “CDU
pages”. A CDU page is a set of information that is displayed at the same time
on the display surface of the CDU. Generally, related information is shown on

15 a CDU page such that there is a set of displayed parameters and a related set
of options that define the operations that a set of buttons on a CDU bezel will
perform. When an operation is invoked via a bezel button, that operation
typically requires a typed-in entry where contents of a CDU scratchpad are used
to communicate the data. These basic concepts of CDU operation should be

20 provided as general-purpose services to all pages defined in the system, thus
forming a framework for the management of CDU pages.

Finally, there should be no other FMS subsystems that are concerned

with the CDU as an input/output device. The CDU management subsystem 110,



representations and conmands to application functions contained wthin

ot her FMS subsystens. Conversely, the CDU nanagenent subsystem 110 has the
5 respongiouilskdoy of nmki ng service requests to applicati orCT/USIOI3B428S
contained wthin other FM5 subsystens and converting the resultant
internal data representations into f,armats suitable for presentation on
the CDU di splay. The input portion of "the CDU managenent subsystem 110
provi des the follpmjn% functions. 10 (a) A data collection function

gat her s chstaingd owhiai tbeempematphpintesface subsystem 4Q@h has pleeBolut t on
presses and scratchpad inputs. (b) A data validation function can conpare
the air cregpohsibility fosintgpretiny GDUanpastae@ donyettirigothesd inta irternahdataCbU
operational context and invokes error-handling routines as required. 15

ati onal” | _ _ T equi
Speoi 11 ¢ "o RER FdoraiiBR 38 PR b Sfo: EFtEH AR et 100 e

operational context a
t hese seryice requests o appropria applications within the FM5. It is
gener al | fhéﬁHLF%F"ﬁha&o@ﬁfﬁgﬁ‘Mn ¢Y§Ht #@UBQ?@PBH?HQWWy”(Q'@? rprets
aircrew 12 inputs to the point that they can be appropriately dispatched

t o ot her rédmrsilhilitysofermakiriep senvicapeguests do Gipplicatiom durctionss odistaiitesim 110 can
be responsible for convert a text-based input of geographic |atitude, such

as "N35. mtﬁ"othéﬂtmsns@&ﬂfs‘?@tﬂsaéﬁdi&Né?t%g RHEEfdseanVVihiet1288k
PCT/ USO00/ 33423 -20 representation, such as ™+35.2125", and then passing

this Comfgygrte%gn{ar’ei%% iﬁt% formats suitable for presentation on the CDU display.

The input portion of the CDU management subsysterﬁ 110 provides the
following functions.

10 (a) A data collection function gathers the various aircrew 12 inputs to
the CDU, such as bezel button presses and scratchpad inputs.

(b) A data validation function can compare the aircrew 12 inputs
against an expected input format based on a CDU operational
context and invokes error-handling routines as required.

15 (c) A data interpretation function converts the aircrew 12 inputs into
specific service requests based on a CDU operational context and
provides these service requests to appropriate applications within
the FMS.

It is generally important that CDU management subsystem 110 only

20 interprets aircrew 12 inputs to the point that they can be appropriately

dispatched to other FMS subsystems. For example, the CDU management
subsystem 110 can be responsible for convert a text-based input of geographic

latitude, such as “N35.12.45", into an appropriate internal numerical



ot her FM5 subsystens. In this case, either the CDU managenent subsystem
110, or alternatively, the operator interface subsystem 100, knows that a

| ati t udew@ow42993 s expected and therefore needs to recognPC&USPE3AZ} nat of
a valid latitude 5 entry. Knowing this information, the operator interface
subsystem 100 is able to determne the validity of the entry and is able
to convert the entry froma human-readable form (a text string) into the
internal FMS representation of latitude. This |evel of data manipul ation
can be adepprsEntation, suchas rdue 12, apd thendassindathis comvartghputihsyst em
100. It generally does not nmake sense for the io other FM5S subsystens that
cont ai n agther ERS subdysterhs oilvs this gabe aegitHerithd tCDW magreajementdibaysienat i on, to
do the conversion of text strings to internal forns of representation.
Once the I ld intbiScd [ m 100

w |l det eﬂ%}'r?ga\t}ﬁﬁ' caﬁeglg’efpgt(%ﬁét?g"géei ng ?"Z%ﬁégr%aag’ﬁ@ c??\%tomagg?ﬂgéa?equi red
application functions. In a contrasting exanple, the manggenent 15
by st erfTinyS SHBERE AR EreTBE PRSI [tereCoBNES (0TS Of Aol UGS bet ween
two | atitude/longitude pairs and then sending the result to the application
subsyst erenthhsKeawing this i@ maticin ds opetiioninterface, slesystarpyilcimadi® t hat
contains an application function that takes two | atitude/longitude pairs as

i nputs  apdieerminecheavalidity ATaRe RAItWEAAd I eible B lcbnt&e thddnmnraanent 20
subsystem 110 should be al[owed access to the inputs provided by the CDU.
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formatting and presentation of that data such that it can be understood by
t he WO o1atindes Thiglaveh of datasmanippiation can be acceptable, in fact required, of

the operator interface subsystem 100. It generally does not make sense for the
10 other FMS subsystems that contain application functions, such as flight
trajectory determination, to do the conversion of text strings to internal forms of
representation. Once the entry has been validated, the operator interface
subsystem 100 will determine which operation is being requested and invoke the
required application functions. In a contrasting example, the CDU management
15 subsystem 110 should not be responsible for converting the distance between
two latitude/longitude pairs and then sending the result to the application
subsystem. Instead, the FMS includes a domain service subsystem 610 that
contains an application function that takes two latitude/longitude pairs as inputs
and computes a distance between them. Only the CDU management

20 subsystem 110 should be allowed access to the inputs provided by the CDU.
The operator interface subsystem 100 is responsible for the collection of
FMS computed data from the other FMS subsystems and the subsequent

formatting and presentation of that data such that it can be understood by the



aircrew 12. For instance, CDU managenent subsystem 110 (or any other part
of the operator interface system 100) should not be processing aircraft
headi ngs waouh299 ocities to deternm ne wi nd speed and di r eBCTHIS00/F3d23
exanple, a dedicated 'w nd conputation' application function within the
navi gati on subsystem 330, 5 could dgtg*_rine wi nd paraneters in whatever way
It deens best, and the operator intertace subsystem 100 should sinply use

this application function to_retrieve w ndHBarameters. Once data is
retri eved@raraW thek ak ipetanseeCPAL managsment sHpsyierah! Georany RIReT BA f or
converting internal representations to text strings, for instance, for

subsequendf the eperdtat interfame systenC00) 4Bould @0k be nodessingcaiciraft headliege it i s
certainly appropriate for the operator interface subsystem 100 to perform

mor e Comérgcf*yabeiﬁsﬁd Bétﬁgﬁﬁfe Jvmats%@%aaqooair@cﬁoﬁwo? \é?é%%ie?réﬁd i ate@t ernal Iy

repr esent alrcraft adings wwth relation to true nort e operat or
i nterface, .however, can praovide the.optign di spl.ayi ng headi
reference&"%é)f’ﬂg}pu%t'qr} @gpﬁﬁ?tf% EH"CLHB N 81%8 Wl‘é) '.°¥'I ﬂgqsms r@g%@ase, i t
can be enti relci/%appropri ate for the true/magnetic conversion to be
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i nstances where raw data nust be mani pul ated solely for the purpose of
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data, from Subsystens, Tt hat tine or display on the
EFIS. The data is,  _then converted from FMS internal representations into
the for nesuPsyetem 8@ ca) bergeremnsikie fapcenvertinginterpal repeeseptationg teyestcal EFI S
can have several nodes into WO 01/42993 PCT/ US00/ 33423

strings, for instance, for subsequent presentation on the CDU.

10 There can be occasions where it is certainly appropriate for the operator
interface subsystem 100 to perform more compiex processing. For instance,
other FMS subsystems may internally represent all aircraft headings with relation
to true north. The operator interface, however, can provide the option of
displaying headings referenced either to true north or to magnetic north. In this

15 case, it can be entirely appropriate for the true/mégnetic conversion to be
performed by the operator interface (in addition to keeping track of the current
magnetic/true selection). It is advantageous to limit such processing to that
required for display purposes only. There are very few instances where raw
data must be manipulated solely for the purpose of generating displays.

20 The EFIS management subsystem 120 collects various data, from the
other FMS subsystems, that is destined for display on the EFIS. The data is
then converted from FMS internal representations into the formats required by

the EFIS and then sent to the EFIS. A typical EFIS can have several modes into



-22 which it can be commanded. Oten, the FM5 will be the entity that
commands the EFIS into the appropriate node, but nmay be several ways for
the aircy@yhil48993s€l ect a desired EFTS node. For instance,pdhgsg883 be
control panel switches that are read by the FM5 or there can be a CDU page
on which the EFIS node 5 can be selected. Regardl ess of the method

enpl oyed, the EFTS subsystem nust™ 'de a service that can be used to
set the EFTS node. This service can then be used as required by other
subsyst enthi¢oit capdsescarnnanided. S@ften, thelF W Stvalibetthe entigcthaticomeamgeison t he

EFI' S di spl ays. The point is that the EFI S nmanagenent subsystem 120 shoul d
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used to transmt the data to the EFIS. Wth respect to the overall function
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however, does not preclude view ng of the data-link nanagenent subsystem
210 i n t lsebsystem) itgkffecisa ERhhdéon deerEfl S dispiyES The point is that the EFIS

management subsystem 120 should not be dependent upon another FMS

10 subsystem simply to determine the EFIS mode. Rather, that can be something

that should be communicated by some other FMS subsystem to the EFIS

management subsystem 120. The output processing of the EFIS Management

subsystem can be straightforward. Basically, lower level FMS subsystems

contain application functions that are used to collect FMS data, such as flight

15 director steering bars. Then, that data can be reformatted as required for

communication with the EFIS. Finally, the services of the equipment
management subsystem 510 are used to transmit the data to the EFIS.

With respect to the overall function of the FMS, the data-link

management subsystem 210 can be nothing more than a remote user of the

20 FMS appilication functions. Remote user inputs and outputs are communicated

to the aircraft via radio transmissions instead of via direct connection of a device

in the cockpit. This detail, however, does not preclude viewing of the data-link

management subsystem 210 in the same light as CDU Management or EFIS



WO 01/ 42993 PCT/ US00/ 33423 -23 Managenent. Just as the CDU Managenent
subsystem 802 is the only subsystem aware of the presence of a CDU;, the
dat a- | i nwomnaganent subsystem 210 is the only FMS subsyRCEHSAIBa423i s awar e
of the presence of a data-link. The data-link rmanagenent subsystem 210
will interpret a nessage 5 fromthe_dafa |ink and convert this nessage into
a service request to an application function contained within another FMS

subsystem However, the other FMS subsyste have no i dea. of the source of
these datManagfieehts JHgb@s @ﬁ:l‘-‘cﬂﬁd&"@“a eges |S§J%6¥St€8h fsrh‘fﬁ ORY cou
managenent subsystem 110. The isolation of the data-link servicing can be

a cruci alsupsystem rawdre dkdiherprasence ofaacGDitcther datd-linkhenangemneduct | i ne.
Al t hough no other entity in the FM5 needs to be aware of the data-link per
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subsystem 2 clearly know Of its existence and can use that know edge as
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ultimate responsibility for the safe operation of the aircraft 13, they
shoul @ hdvamtithe dataalink ang cenyartithiy Mmepsagenipleda serviceceaaugst detan heir
flight trajectory. Therefore, when an uplink is received, the aircrew 12

shoul d negppiitatiorafrriibntdontainegagittn arotingerMS sutssystérm. ddowdeeratieonpl i shed
via the CDU, the CDU nanagenent 20 subsystem 110 nust access the data |ink

e g B S el e of e B s e Thby o be
nanagenenéou?du ]tL)lgy asst gg]si%llt())e }:gr%}ngcﬁ"gmt%relei rrﬁr;lanr]a;[gement subsystem 110. The
isolation of the data-link servicing can be a crucial point in the design and
10 architecture of the FMS product line.

Although no other entity in the FMS needs to be aware of the data-link
per se, other FMS subsystems that reside above the data link management
subsystem 210 clearly know of its existence and can use that knowledge as
required. Generally, aircrews 12 do not appreciate some automatic changes

15 such as modification of the flight plan. Since the aircrew 12 has ultimate
responsibility for the safe operation of the aircraft 13, they should have the final
say regarding any commands that can affect their flight trajectory. Therefore,
when an uplink is received, the aircrew 12 should manually accept the proposed
change. Since this can be accomplished via the CDU, the CDU management

20 subsystem 110 must access the data link management subsystem 210 to collect
the pertinent information. [t can be important to remember, though, that only

those details of the data-link management subsystem 210 that can be important

to higher subsystems should be exported. For instance, it may be appropriate



to hi gher subsystens should be exported. For instance, it may be
appropriate WO 01/42993 PCT/ US00/ 33423 -24 to export services that can

i ndi cat ewglveub®s an uplink is pending and al so i ndi cat e RATAUSWOBPR3 of dat a
can be uplinked. It may not be appropriate to export services that
interpret raw message data or that_cgymunicate with the external dat a-1i nk
conputer. 5 Continuing with the view of the data-link as a renpote user, in
real world terns, the user on the other end of the data-link is probably a
hunan. |® ?KBOWGQUV'FF&ﬁéB%hﬁ%@ '@@6@5@5?"@@?@03“ dplink dspanding Apdr 3 ég to and
froma form that can be understood by the user, such as a text string.

Al t houghindivate evhztt ¢ypeusfedatacanite oplinkede ndmaly rtdhbedaipaopﬂiatb toexpodbably a
human, in the context of the io FM5, it can also be a nachine.
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CDU managenent em 110 wt respect to the user. The data-|
subsystegl 803 aI so c nverts data to and from a formthat can be understood
by the udgtd-iink,eo WHH ser in this case can be a nachine. 15 The bottom
line with respect to the architectural view of the data-Ilink rranagerrent
subsyst em 210Costinhimg with eoview efdheidate-dink asa rgmete userhierregt wond
subsystens in the operator interface layer. Al the details regardi ng the
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Operations requested over the data-link should be converted internally to
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that can be understood by the user, such as a text string. Although the remote

user on the other end of the data link is probably a human, in the context of the

160 FMS, it can also be a machine. Nevertheless, the data-link management
subsystem 210 acts similarly to the CDU management subsystem 110 with
respect to the user. The data-link subsystem 803 also converts data to and from
a form that can be understood by the user, but the user in this case can be a
machine.

15 The bottom line with respect to the architectural view of the data-link
management subsystem 210 is that it should be viewed exactly as either of the
two subsystems in the operator interface layer. All the details regarding the
physical interface should be processed internally to the subsystem. Operations
requested over the data-link should be converted internally to the set of

20 application service requests that are required to perform that operation.
Therefore, given the same operation commanded via the data-link as would be
commanded via the CDU, the exact same application service requests would be

invoked.



commanded via the CDU, the exact sane application service requests would be
I nvoked. WD 01/ 42993 PCT/ USOQ 33423 -25 The input processing required for
t he dat awlok29anagenent subsystem 210 conprises col | ectPCRUSIBAL23F sSi on
requests (uplink and downlink) fromthe data-link equipnent and al so
collecting of uplink data fromthe dagm-1ink equipnent. The collected data
I's then used to invoke application services to 5 acconplish the appropriate
request. Additionally, this subsystemreceives inputs from higher

subsyst ens i n theiNPYEPERETSHg r@sérra@ai@r%@téﬂﬂklwgw%%@asf@ﬂér at or
I nterface subsystem 100, or requests that are commanded fromthe CDU

manageneri1edmpasesitdiEtting imnsatipsion refuddte (glink-driddovmlirdgdrenthesubsyst em
210 conprise io primarily nessages to the data-link equipment. Data to be
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capabilities of the systemthat deal with the actual flight of the
ai rcr af t acgomplisls thecaprivpriate requaste Agistitinnallly ythisusubsyeia resaiveadmuts o be
performed by a nenber of the aircrew, but that are now automated by the FMS

11 or nevrdrdHighersubshstends i the FMS SR aH epetdtopaidder seivgs, dforiitisé her
task. The typical, basic functions that are perfornmed by the FMS 11 are,
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aircraft

CDU management subsystem 110.
The outputs of the data-link management subsystem 210 comprise
10 primarily messages to the data-link equipment. Data to be downlinked can be
first collected from the application functions within other FMS subsystems, then
formatted and sent to the data-link equipment using the equipment management
subsystem 510.
The flight management subsystem 300 is generally responsible for
15 performing all those capabilities of the system that deal with the actual flight of
the aircraft 13. These capabilities are generally functions that used to be
performed by a member of the aircrew, but that are now automated by the FMS
11 or new functions that assist a crewmember in performance of his/her task.
The typical, basic functions that are performed by the FMS 11 are, not
20  surprisingly, almost one to one with the crewmembers on a typical aircraft 13.
Therefore, the flight management subsystem 300 can be decomposed into the
following sub-subsystems.

a) The pilot determines control inputs to guide the aircraft along its



Therefore, the flight managenent subsystem 300 can be deconposed into the
foll ow ng sub-subsystens. a) The pilot determ nes control inputs to guide
the aircved®01/4298hg its WO 01/42993 PCTI USOQ 33423 -26 dedCHAHOYIMRB3 - this
corresponds to the gui dance subsystem 310. b) The flight engineer nonitors
aircraft performance and predicts aipgraft situation along the flight path
- this corresponds to the flight engineering subsystem 320. 5 c) The

navi gator determ nes.current position and, state of the aircraf - this
Cor rasponds o ¢ haTRIeigAT oih S stlFePeRs 13 iherudepre sufisisteh $1

aut omat ed- cr ewnenber subsystem 360 can be necessitated by the fact that
the FMS has sobe cHpaldlightt eegineaatmenitars eaitaeftspedornmdnagamadt predicis e

ot herwi se unrel ated. These types of functions are best io illustrated

using a non-lim tidigcrak8AAtoN éﬂbﬁgﬁh@ﬂww&esm@eoﬁééwrﬂw BRRE MMt 12 with
the capability to manage a set of custom waypoints that are physically

contained in the ubsystem 400. The aircrew operator

12 can defi-ne a cgﬁﬁgg%w?%%qﬁe entry of a waypoint nanme and the

position of the waypoint. The 15 operator can also nodify or delete any of
the cuStom wayPoi nthe navigataicisatempines gugiest grsiliapdstataal the ajedaftj ust as
any other entity that defines a position, including as one of the

endpoi nts of a fli-ghis (dreesporgls tdshe mavigativnasubisygiein pBan has been entered

and one of the legs is defined wusing a customwaypoint. Then, the operator
deci des to del ¢he dyiiiefitS'oPThe automated-crewmember subsystem 360 can be
necessitated by the fact that the FMS has some capabilities that relate two sets
of data that are otherwise unrelated. These types of functions are best
10 illustrated using a non-limiting example.
The FMS provides the aircrew operator 12 with the capability to manage
a set of custom waypoints that are physically contained in the database
management subsystem 400. The aircrew operator 12 can define a custom
waypoint via the entry of a waypoint name and the position of the waypoint. The
15  operator can also modify or delete any of the custom waypoints. Once defined,
a custom waypoint can be used just as any other entity that defines a position,
including as one of the endpoints of a flight plan leg.
Assume that a flight plan has been entered and one of the legs is defined
using a custom waypoint. Then, the operator decides to delete the custom
20 waypoint from the database. FMS system requirements, however, do not allow
the deletion of a custom waypoint if it is part of a flight plan. If this requirement

is implemented simply by having the custom waypoint processing, in the

database management subsystem 400, check the flight plan, the subsystem-



20 waypoint fromthe database. FM5 systemrequirenents, however, do not
allow the deletion of a customwaypoint if it is part of a flight plan. If
this regworoeaens s inplenmented sinply by having the cuR@GIHUSMEBHEBNt
processing, in the database nanagenent subsystem 400, check the flight
plan, the subsystem WO 01/42993 PCT/ 500/ 33423 -27 dependency rule wll be
broken. Further analysis of this requirenent, however, wll reveal that
this can be a higher-Ievel SY(S'[ em requirenent. The systemcould surely be
defined depemdensyirnie willhe broken. Feirtbes analysisraf dhigirgquiferaept, SO¥BVehay poi nt
processi ng does not have any problem del eting a customwaypoint at 5 any
time. Theailedkeeal thihthiscarpbe atighdrdeveislystaamteduinesnert.glheesystem cauldbe t o

pl ace a custom 'waypoi nt delete' application function within an automated-
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auto-tuning function for the navigation radios could be classified as an
appl i £at aoy timscTherefore, the properavay iminepleoranististrequiremesy saeed®0. That
function uses the services of the navigation 330, flight planning 340, and
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This is a pretty specific example in the scheme of the entire FMS
10  architecture. There are, however, other capabilities that fall into this general
category. In fact, the auto-tuning function for the navigation radios could be
classified as an application function within the automated-crewmember
subsystem 360. That function uses the services of the navigation 330, flight
planning 340, and database management 400 subsystems to accomplish a
15 more complex, higher-level function. The navigation tuning subsystem 350 is
broken out, as a separate subsystem, only because of its significance as a
feature of the overall FMS and because of its complexity.
The inputs to this subsystem are really varied. The most important
aspect to the inputs for this subsystem 801 is that the inputs come from two or
20 more lower subsystems. If a particular capability of this subsystem requires
inputs from only one lower subsystem, then the capability should probably be

implemented in that lower subsystem.

As with the inputs, the outputs of this subsystem are widely varied and



aspect to the inputs for this subsystem 801 is that the inputs cone from
two or 20 nore | ower subsystens. If a particular capability of this

subsyst egigfggdsdoses i nputs fromonly one | ower subsystem bheRishdrB423 _
capability should probably be inplenented in that | ower subsystem As wth

the inputs, the outputs of this subsyé%t emare wdely varied and WD 01/ 42993
PCT/ US00/ 33423 -28 dependent on the dvigher |evel function being

i npl emented. In the avail able | egacy systens, this subsystemis virtually
non- exi stdapendenhohdbe higher levaldunetiarf beingsnmplemeatesin can be one of the
primary causes of the inplenentation conplexity found in those systens. In

fact, in the gyiHeoavEilaMRY RYRY s%féfméﬁh&!é(ﬂﬂl%yéfé@?{% vth]SI(Ij\} ROAeXistdYe. Syst ens

i npl emented an equi val ent Tunction by sinply naking a database nmanagenent

function epde n | i | anning function. . Miltiply that
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functions, inplemented in a typical FMS and the conplexity becones
virtual | ynplﬁaaﬁﬁiamrcgnml@xm&m ingpessistemns.hdn | iBpthencugipm he
aut omat ed- crewnenber subsystem 360 is to identify those functions that

bel ong t waypeint| @esnple diveheabovesVitle fegacyi BMS wyiteins iriplepidritéd ngh syst ens.
Once identified, it can be sinply a matter of noving the function from
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general set of services to tune :
the number of these types of higher-level functions, implemented in a typical
FMS and the complexity becomes virtually incomprehensible.
10 The approach to the development of the automated-crewmember
subsystem 360 is to identify those functions that belong to the class of higher-
level functions within the existing systems. Once identified, it can be simply a
matter of moving the function from where it is currently implemented into the
automated-crewmember subsystem 360. By moving the function, the artificial
15 dependencies from the original subsystem are eliminated.

The navigation radio tuning subsystem 350 can have two general
functions. First, the subsystem can provide a general set of services to tune
each of the on-board navigation radio receivers to selected radio navigation aids
(navaid), that are located at predetermined geographic positions. Second, the

20 subsystem can provide a function that determines an optimum set of radio
navaids to which the receivers should be tuned. By using these two navigation

radio tuning subsystem 350 functions, the navigation subsystem 330 is able to

compute a very accurate aircraft position. By accomplishing this function in an



each of the on-board navigation radio receivers to selected radio

navi gation aids (navaid), that are |ocated at predeterm ned geographic
posi ti oo opagBd, the 20 subsystem can provide a functi act/bosi/3seBer m nes
an optimum set of radio navaids to which the receivers should be tuned. By
using these two navigation radio tugdng_subsysten1350 functions, the

navi gation subsystem 330 is able to "Conpute a very accurate alrcraft
position. By acconplishing this function in an WD 01/42993 PCTI USOQ' 33423
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subsystens can work together to relieve the aircrew 12 of both radi o navaid

det er m najubsystents cavlwbrk dogattiet &s kslievehpessitcrelv 1249 bothiradig reeaid ces
provi ded by the navigation radio tuning 5 subsystem 350 are desi gned for

use by any tQﬁ@ﬁémEA’?{ma%Qa%%ﬁ E?Rs has a requi rement to tune the
ra

navi gation I 0S easo e to ask: "Wy cannot a pilot just tune

the navigation_ radio directly and not have t throu h thls set of
servicess" ThalMseich! TPdI0 tHalng $&5vICes RioYigas ythp RAVERENIAIRENING 1 ¢ must

be tuned to a navai d whose position on the earth is known. If a navigation
radi o5i s subsystept 350 ane desgnadffoegse iyyanyt bther &3S tsiubgystefrothahthiasra i s
usel ess. Therefore, the set of services provided by the navigation radio
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specifically, the position of the navaid) associated with the desired
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just a frequency, however, the services will search the set of navaids
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tuned to a navaid whose position on the earth is known. If a navigation radio is

10 simply tuned to a frequency, the resulting information is useless. Therefore, the
set of services provided by the navigation radio tuning subsystem 350 exist
solely to determine the radio navaid (more specifically, the position of the
navaid) associated with the desired tuning operation. Of course, a radio could
be tuned using a navaid identifier, in which case, the operation can be easy.

15 When tuning via just a frequency, however, the services will search the set of
navaids located geographically near the current aircraft position for a navaid that
has the given frequency. If no compatible navaid is in the vicinity, the radio is
still tuned, but the resulting navigation information received from the radio, if any,
will not be generally useful in determining a radio position.

20 The navigation radio tuning subsystem 350 also provides a function to
automatically select the particular navaids to which the radios should be tuned
that will result in the best position computation given the available navaids. This

auto-tuning function is designed to execute without aircrew 12 intervention.



has the given frequency. |If no conpatible navaid is in the vicinity, the
radio is still tuned, but the resulting navigation information received

fromthew@gipoeod f any, wll not be generally useful in gdetrgisoi/ a0 a
radi o position. 20 The navigation radi o tuning subsystem 350 al so provi des

a function to automatically select the particular navaids to which the
radi os should be tuned that will restHT in the best position conputation
given the avail able navaids. This auto-tuning function is designed to
execut e wi t holVhahecerthelavigatemnvediosoare tWbed Thd29818, RETINPEOYREdRB - 30
Whenever the navigation radios are tuned manually, via input provided by
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the tuning request wWith a radi o navai d that "geographi cal ocat ed near the
current gj ft i tion. The radio .navaid geogr.aphjc, posijtion information
is 5 gat ﬁ@%@@ﬁ'ﬂ‘ﬂoﬁ%ﬂﬁék gﬁtthaﬁa@g'onﬂﬁ\é@a%ﬁk g?%ﬂé%%ﬁ'&%lﬁ@@ﬁ%@ﬁaf aut o-
tuning function is active, the navigation radio tuning subsystem 350

peri odi cAurient girgrafhpesitien. al hsefadie nayeibgeographits positiohiinformatiomds/i gat i on
radi os should be tuned. Inputs required for the auto-tuning function

i ncl uge adtheredofromattl databass mahagapghtaliboystemt 208.SaVABR thedadtbe current
aircraft position fromthe navigation io subsystem 330. The accuracy of the
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that go to the navigation radi os, which are nodeled in 15 the equi pnent
managenedunadibipiteredided fot thesautorioningitinttiont inelude s ligh obhavaids from
the navigation database 403 and the current aircraft position from the navigation
10  subsystem 330. The accuracy of the aircraft position provided to the navigation
radio tuning subsystem 350 determines whether the subsystem will select those
navaids that will result in the optimal aircraft position calculation.
The outputs of the navigation radio tuning subsystem 350 are simply
radio tuning commands that go to the navigation radios, which are modeled in
15 the equipment management subsystem 510. |t is important to the design of the
FMS that no other subsystem can tune the navigation radios in the equipment
management subsystem 510 directly.
Both existing military and commercial FMS systems have navigation radio
tuning functions. Commercial aircraft typically have very high frequency omni-
20 direction radio (VOR) receivers and a scanning distance measuring equipment
(DME) transceivers. Military aircraft typically have VOR receivers and tactical

air navigation (TACAN) transceivers.

The vertical guidance subsystem 312 contains other high-level functions
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do not use the functions contained wthin this subsystem It is expected
that SucHsesnltie suhsyst@act the flight i o engineering subsystem 320, so it
can be acceptable to be able to renove the flight engineering 320 and
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312 shoul d be designed such that it is able to conpute steering conmands
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system, because certain specific aircraft do not use the functions contained
within this subsystem. It is expected that such removal can impact the flight

10 engineering subsystem 320, so it can be acceptable to be able to remove the
flight engineering 320 and vertical guidance 312 subsystems as a pair.

The vertical guidance subsystem 312 should be designed such that it is
able to compute steering commands based simply on the altitude-related
information for each leg in an aircraft flight plan. It should have no knowledge

15 of complex structures or patterns that can be used during the construction of the
flight plan.

The vertical guidance subsystem 312 gathers the intended vertical
trajectory of the aircraft from the flight planning subsystem 340 and the current
aircraft-state vector from the navigation subsystem 330. The flight engineering

20 subsystem 320 will provide some data that will act as constraints on the
operation of vertical guidance subsystem 312. The vertical guidance subsystem

312 can be responsible for gathering these constraints, such as maximum climb

rate, from the flight engineering subsystem 320.



15 of conplex structures or patterns that can be used during the
construction of the flight plan. The vertical guidance subsystem 312
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one is installed on the host aircraft.

10 The lateral guidance subsystem 311 contains another set of the high-
level functions of the FMS. lIts purpose is to provide commands that will cause
the aircraft to maintain an intended lateral flight-path. The commands could be
in several forms including turn left/right cues or control surface deflections.
Regardless of the output form, the details of lateral guidance should remain

15 invisible to users of the subsystem.

The lateral guidance subsystem 311 should be designed such that it
simply requires the flight plan legs with no regard to their source. The lateral
guidance subsystem 311 should treat legs that are manually built exactly the
same as those that are part of a compiex structure such as a standard

20 instrument departure (SID), standard terminal arrival (STAR), or holding pattern.
The lateral guidance subsystem 311 only requires the parameters of the current

leg and the next two legs in the flight plan. The lateral guidance subsystem 311

gets navigation data directly from the navigation subsystem 330 and computes
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for gathering these constraints, such as nmaxi mum bank angle, from the
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The flight engl neeri ng subsystem 320 aut omat es many of the functions that
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subsystem 311 is a set of commands, such as roll commands, that will cause

10 the aircraft 13 to follow the intended lateral trajectory.
The flight engineering subsystem 320 automates many of the functions
that the aircraft crewmember known as a ‘flight engineer has typically performed

in the past.

(@) A weight and balance function monitors and computes actual and

15 predicted aircraft 13 gross weight and center of gravity (CG).

(b) A V-speed function computes a set of aircraft performance
airspeeds, such as minimum power airspeed, based on current

conditions.

(c) A flight information function computes and predicts various
20 parameters at each point along the flight plan, such as estimated

time of arrival (ETA), fuel consumption, and fuel remaining.

The flight engineering subsystem 320 resides in one of the uppermost
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as m ni mum power airspeed, based on current conditions. (c) A flight

I nformation function conputes and pr%gi cts various 20 paranmeters at each
point along the flight plan, such as stimated time of arrival (ETA), fuel
consunption, and fuel remaining. The flight engineering subsystem 320
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hi erarchical layers, within the FM5 architecture and uses services from

subsyst egabspdemisngsiding ieweh hidrarchidl dydrateperfofmirdie® i t s duti es.
Most of the algorithns used by the various functions, within the flight

engi neering subsystem 320, remain the sane regardl ess of the specific
aircraft 5 tmtfﬁrthmlgwlthmuaede blyethegvarinfsofumetiong;hwithini tipet flightgi neer i ng
subsystem 320 i s designed so that aircraft specific data, for exanple
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into an infernal database, Wwithout requiring nodification of
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provi ded by t he dat abase managenent subsystem 400. Because of the variety
of tas ks'Spéreﬁksﬂﬁéoswh%a'wrlaiﬂgﬁpe@ﬂ@|df?é@r fafgexample parameters used to

calculate distance required for takeoff, can be loaded into an i‘nternal database,
without requiring modification of the operational software. The data from the
performance database 402 can be gathered by the flight engineering subsystem
10 320 by accessing services provided by the database management subsystem

400.

Because of the variety of tasks performed by the flight engineering
subsystem 320, the inputs to this subsystem are widely varied. Many of the
functions require parameters that are typically provided by an operator. Typical

15 inputs include values such as gross weight, zero fuel weight, and outside air
temperature. These types of input values are used to perform operations such
as calculation of takeoff and landing data (TOLD) parameters. Certain complex
functions that are performed by flight engineering subsystem, such as
calculation of a top of climb point, require knowledge of the flight plan and the

20  current state of the aircraft. The flight engineering subsystem 320 gathers these
inputs from lower layer subsystems of the FMS as required. The performance
database 402 provides inputs generally required by the flight engineering

subsystem 320.
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calcul ation results, such as TOLD, that are nmade avail able to higher
subsyst ergRlcutaion fessits cwheroiheseresultseare inaerted mto the fligbtiples, swefeas t hese
results are inserted into the flight plan, such as 5 the cal cul ati on of ETA
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"Where do | want to go?" This sinple phrase gives the entire purpose of the
i 0 navi gati on Adraftsia®i§atich cakbedestyibel dthplynainge pHraS&NVere drhe

navi gati on subsystem 330 determ nes an "aircraft-state vector', that
I ncl udes |pRrLesontrasted with aircraft guidance, which can be described by the phrase,
“Where do | want to go?” This simple phrase gives the entire purpose of the
10 navigation subsystem 330. Using available navigation sensors, the navigation
subsystem 330 determines an ‘aircraft-state vector’, that includes three-
dimensional geographic position and aircraft lateral and angular positions,
velocities, and accelerations. The aircraft-state vector can include the basic
parameter set of aircraft position, altitude, heading, course, airspeed, ground
15 speed, winds, vertical speed, attitudes, attitude rates, and magnetic variation.

This aircraft-state vector is made to all other FMS subsystems and their

associated functions in accordance with the subsystem-dependency rule.

For each of the data quantities within the navigation subsystem 330, there

can be several possible units of measure. For instance, position could be

20 provided in degrees/minutes/seconds, such as earth latitude and longitude, or
in radians and heading could be provided with respect to either true or magnetic
north. The overall FMS design philosophy is to provide internal data in a single

measurement system, such as the metric system, and to provide conversion



di mensi onal geographic position and aircraft |ateral and angul ar positions,
vel ocities, and accelerations. The aircraft-state vector can include the
basi ¢ pweTeR8d3 set of aircraft position, altitude, headPEHUSEBIABe,

ai rspeed, ground is speed, wi nds, vertical speed, attitudes, attitude
rates, and magnetic variation. Thisagircraft-state vector is nade to all
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upon the suite of navigation sensors that 5 are Installed on that aircraft.
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of the sensor(s) used to determ ne the ai rcraft state vector, the

navi gat i §aPSib $30f thessensons) yeed te dptesminethecaitaratt-stase vasiost ed

above. The navi gation subsystem 330 can use conpl enentary sensors to io
suppl enettie pavigation subsystewe33Matush peovidee tHdBasibiparametirs @hupsrateet ers. I n

above. The navigation subsystem 330 can use complementary sensors to
10 supplement a sensor that does not provide the entire set of parameters. In
addition, the navigation subsystem 330 can use blending or filtering algorithms
to refine or augment the raw sensor outputs. Regardless of the methods used,
the navigation subsystem 330 should be structured such that no other FMS
subsystem has visibility into the computational methods used to determine the

15 aircraft-state vector.

One function of the navigation subsystem 330 can be to determine which
navigation sensors to use in generating the aircraft-state vector, based on
aircrew 12 selection. The aircrew 12 has the ability to deselect navigation
sensors through the operator interface subsystem 100. The navigation

20 subsystem 330 determines the sensor or combination of sensors that will

provide the most accurate aircraft-state vector.

During normal operation, the navigation subsystem 330 generates the

aircraft-state vector based on either a manually or an automatically selected



addi tion, the navigation subsystem 330 can use blending or filtering
algorithns to refine or augnent the raw sensor outputs. Regardl ess of the
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During simulated aircraft operation, such as in an aircraft flight simulator

the navigation subsystem 330 generates the aircraft-state vector parameters

10  based upon simulation commands. Once the navigation subsystem 330 has
populated the aircraft-state vector, it serves as the navigation interface to the
other FMS subsystems residing at the same or higher hierarchical layers within

the FMS architecture.

Functions in the flight planning subsystem 340 are responsible for

15 building and maintaining the list of legs defining an aircraft flight plan. The flight
plan can be composed of three basic parts - the origin, the destination, and one

or more flight plan legs in between. A flight plan leg is defined as the path
between two waypoints. Legs can be entered into the flight plan simply by
specifying waypoints. In addition, complex, predefined sequences of legs, such

20 as SID, STAR, and holding patterns can be entered into the flight plan using a
single entry or a set of definition criteria. The rules for building the flight plan

and the various types of flight plan legs are specified in engineering standards

released by ARINC Incorporated. Specialized military flight patterns not
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the operation of the aircraft” and several FMS subsystens may require

access t heflight plan. It IS i rtant that. a si | s ent copy
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ot her subsystens within the FM5 requiring access to the flight plan nust
use onl y pldtbBuIst 86¢iay thase, servicasypronisen by e Bighhpianing syhsyam 340. In
order to avoid possible contention anongst flight planning subsystem

340. In order to avoid possible contention amongst flight planning subsystem

340 clients, requests for flight plan modifications are prioritized and queued.

10 One function of the flight planning subsystem 340 is to process incoming
requests to either add or delete flight legs or to modify the data associated with
existing legs. These requests can come from a variety of sources, including
external sources such as the aircrew 12 and data-link operators, as well as other
FMS subsystems. These requests are dispatched in a standard and consistent

15 manner by the flight planning subsystem 340 regardless of the source. The
dispatching of any particular request remains the same whether it was instigated
by the crew or by another FMS subsystem, such as the flight engineering

subsystem 320.

The flight planning subsystem 340 contains functions that allow other

20 FMS subsystems to access information from the flight plan. All other
subsystems within the FMS must use the flight planning subsystem 340 in order

to obtain flight plan data. When certain components of leg data are modified,

the flight planning subsystem 340 indicates, to other FMS subsystems, that the
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and tinme-consum ng. Advantageously, in our inventive | Z%ered

ichitpetire e ey aircrath @ uidanseasubsgjateian 340 sdgnsnedsenpen dhe
gltanning subsystem 340, which has absolutely no knowledge of the aircraft
guidance subsystem 310, as it resides in a higher hierarchical layer. The
purpose of the aircraft guidance subsystem 310 is to guide the aircraft flight
trajectory by producing steering commands and targets, while the purpose of the
flight planning subsystem 340 is to maintain a list of fiight plan legs. This
disciplined separation of concerns shouid make future enhancements to the
flight planning subsystem 340 much simpler and less time-consuming then such
changes would have been to prior art FMS systems. Indeed, if this separation

of concems is strictly adhered to, future changes to either the flight planning 340

or aircraft guidance 310 subsystems should be minimal.

Expected flight plan related enhancements include additional specialized
flight patterns such as the previously mentioned military aerial refueling and
airdrop patterns. In the case of many of these specialized patterns, it may be
desirable to install the new functionality in the automated-crewmember
subsystem 360, which has knowledge of the entire FMS. Adding new

functionality to the automated-crewmember subsystem 360 will not affect other

ghlds upon

5
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effects and required regression testing. The navi gati on database subsystem
403 is prheaing made tos this wdsidwifle mavigatiegedatabasé. Jheve |ateisdyenaivotheat i on
dat abase. Cenerally, in the context of 5 aircraft operations, when one

r ef er enc efatatbsesdiaARRe Gmporiant 16 tRE verall furtfontld ¥ Bed FIMGRAEHES: thi s
wor | dwi de navi gati on dat abase. There are several ot her
include the communications database subsystem 401 and the performance
database subsystem 402. The communications database subsystem 401
- 10 primarily contains functions to access frequency lists used during
communications radio tuning. The performance database subsystem 402

contains functions to access information regarding the characteristics of the

airframe and engines for a specific aircraft type.

The navigation database subsystem 403 is responsible for retrieving data

15 from the worldwide navigation database as requested. The navigation database
management subsystem must be capable of retrieving a single entity from the
database or a list of related entries from the database. For instance, a function

can be provided to retrieve information associated with a single navaid. Another
function can be provided to retrieve a list of the navaids within fifty (50) nautical

20 miles of a given position. In other examples, the entity requested could normally
be in the form of a list; as in the case of an airway, that contains several
waypoints. The key to successful development of the navigation database

subsystem 403 can be the construction of a relatively standard interface that is
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primarily contains functions to access frequency |ists used during
comruni cations radi o tuning. The perfgfmance database subsystem 402
contains functions to access information regarding the characteristics of

at abase BRSSO EHAIRING SomiAip RaREREonE, TBE MBIATFaten: thed. Pf BIAt ho

wor | dwi de navi gati on dat abase as requested. The navi gati on dat abase
managenenintarfapeycareeasty vanbwith Apzdatabase sourdealdta gnd roi athérparts ofithef r om t he
database or a list of related entries fromthe database. For instance, a

function sgdémhgould ®é dfRétdd Tied haﬁgﬁtném&ﬂaﬁaééenb@%tétﬁlmeeﬁtuwdtéhu@ single
navai d. Anot her function can be provided to retrieve a list of the navaids
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case of an airway, .that cont ains several waypoints. The key to successful
devel opneftilitary tﬁ‘i@'ﬂ@a’iﬂ% (MARyAnbepdueling sijes.em 403 can be the
construction of a relatively standard interface that s WO 01/ 42993
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source data and no other parts of the systemwould be affected. The
navi gat i ol Ginaladeesniipmtation e database seauesty andibeairatriey@hicdshes) b,
STAR, predefined waypoints, airways, airports, runways, 5 military

t rai ni ng tmuéstﬁ)r(diﬂ'g'\’)iataeﬁndnrtaélimbtm datasteactures. The output processing in

the navigation database subsystem 403 is, simply, to provide the data that was

10 requested.

The performance database subsystem 402 is responsible for retrieving
data from the performance database as requested. This performance database
subsystem 402 can be characterized by a general set of data that is required by
the functions within the flight engineering subsystem 320. The format and

15 structure of the actual performance data will be hidden by the standard interface
that is available to other FMS subsystems. As with the navigation database
subsystem 403, the key to successful development of the performance database
subsystem 402 can be the construction of a standard interface that is targeted
toward the domain requirements. The implementation, then, of that interface

20 can easily vary with the database source data and no other parts of the system
would be affected. The performance database subsystem 402 will contain
functions to retrieve airframe characteristics such as drag, V-speeds (values and

limits), altitude limits, and lift coefficients. The performance database subsyétem



The i nput processing required of the navigation database subsystem 403 s,
sinply, the interpretation of database requests and the retrieval of the
correspomw gugi2etat a fromthe internal data structures. ThePGLUPM33@IBocessi ng
in the navigation database subsystem 403 is, sinply, to provide the data
that was io0 requested. The perfornmange_dat abase subsystem 402 is
responsible for retrieving data fromthe perfornmance database as
requested. Thjis perforpance, database subsystem 402 can be characterized by
5 gener ald02aHll g geRaARClians EListieye BRGNS cBaraREiToR SURNER tIdShe. 11 ght
engi neeri ng subsystem 320. The format and 15 structure of the actual

per f or martogosErseftinds ared hialltiepolmertseftirgsandard i nterface that is

avai l able to other FM5 subsystens. As with the navigation database
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dat abase subsystem 402 can be the construction of a standard interface
that is tarqgeted wa the domai.n requjrenments. The i npl.e l.on, then,
of that iParTSRuOARELfes RpMISRLPy o AHidBRE Medert gt BRI M B ana o
ot her parts of the system would be affected. The performance database
subsy$t edfforodnigrnal daiat siructurasneeireseonding derthese reppestane TERPWPHEr i sti cs

such as drag, V-speeds (values and Ilimts), altitude limts, and lift
coef fi ci girbSessiftginiihe betfornstcaldsiabase sabHzternetoMe) ghretahg 3o ProMidéSOD 33423
- 42 402 will also contain functions to retrieve engi ne characteristics

such as thLysks tﬁa‘?'\/\g%"\%.rqtu%@tetﬁé”gs and fuel -to-power settings. The input

processi ng assocl at performance database subsystem 402 i ncl udes

i nterpretation_of database re sts and retri | of data .
P r]The commun%a ion dg%]aebase subsystem 48 ¥ % responsalble for retrieving

data from the communication database as requested. The communication
10 database primarily contains lists of frequencies to be used during the tuning of
communication radios. This database is somewhat different than either the
performance or the navigation databases, in that other FMS subsystems have
the ability to both read and write to the communication database.
The input processing required of this subsystem comprises retrieving
15 communications data for other FMS subsystems and storing communications
data from the other FMS subsystems into the database structures. The output
processing in this subsystem includes of the return of data that was requested
by higher layer subsystems.
The computing platform services subsystem 600 contains sub-
20 subsystems that are dependent upon the computing platform in some way. The
subsystems within the computing platform services subsystem 600 exist entirely
to isolate the true applications of the FMS product line from the underlying

computing platform. Therefore, the sub-subsystems contained within the
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ms can remai n unchanged even when the subsystens are nodif
Sadipmepkls; 19 be dBaRRISh yshdatiteopafvices provided by the equipment
management subsystem 500. |

The overriding philosophy of the FMS with respect to equipment
management is that it should provide a standard interface to a standard piece
of equipment. The virtual equipment interface subsystem 510 contains the
services that are typically provided by equipment of this type and the interface
is considered to be a part of the core FMS product line. The implementation of
this virtual interface is then based on the physical equipment that is actually a
part of the system.

There is one other aspect of the services provided by a standard
interface that merits discussion - required versus optional services. Because the
philosophy of the core FMS product line is to be reused verbatim, it will require
that certain data be available. This necessitates the concept of standard
interfaces to standard equipment. The fact that the standard interface provides
services that are typical to that type of equipment, however, does not imply that

every instance of that type of equipment actually does provide that service. For

instance, there can be an INS that does not provide magnetic variation even
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The equi prent management subsystem 500 contains nodels of all 5 external
equi pnent that interface wwth the FM5, such as radi os, navigation sensors,

ai rcraft yaylhQpbéot, and CDU. Al communication with t he e¥beRa33480UI peNt
is to be nanaged using the services provided by the equi pnent managenent
subsystem 500. The overriding phil osophy of the FM5 with respect to

equi prent i o nmanagenment is that it—shourd provide a standard interface to
a standard piece of equipnment. The virtual equipnent interface subsystem
510 cont athﬂsglnmeC@Bl@erdhataHWICNrsemmplofdnl N pVvorded tducesut porest of this
type and the interface is considered to be a part of the core FMS product
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the core FMS product line is to be reused verbatim it wll require that
certai n ddedwpclapses|ofiseavicanmprovidasbby standesd interfacexcepuitdsearides d 20
interfaces to standard equi prent. The fact that the standard interface

provi des argkeopfiares ddmaicesr eVhgpi el inileiraditation?8f Qf stAAHARTRterfadO eV er ,
does not inply that every instance of that type of equipnent actually does
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Each standard interface will enumerate those services that are required and
those that are optional. The determination of whether a service can be required

10  or optional can be simply based on whether or not it can be used by the core
product line.

It is important to note that the interfaces to standard equipment are
generally logical models of that piece of equipment. Therefore, the virtual
equipment interface subsystem 510 might specify not only services that are

15 provided by the equipment, but also higher-level services that are related to that
equipment. One example of this additional functionality occurs within the VOR
receiver interface. Generally, a physical VOR receiver is tuned by simply
providing a frequency. Another model of the ideal VOR includes the identifier
and position of the navaid to which the radio is tuned, which allows the use of

20  range and bearing information returned from the receiver to determine an aircraft
position. Therefore, the service to tune the VOR receiver in the standard
interface would include frequency, position, and identifier.

Each service provided by the standard interfaces should contain not only



provi de a conputed nmagnetic variation as a standard service. Therefore,
there are two classes of services provided by standard interfaces -

r equi redﬁgﬁﬁgég\:‘s 5 and optional services. Wien the inplegahiRbisRPf 2
standard interface is performed, for a specific project, there are sone
services within the standard interface that nust be inplenented and ot hers
that can be |left uninplenented. Eactd&tandard interface will enunerate

t hose services that are required and those that are optional. The

det er m natheatatato bbebheeye, beit visocarrindidation @A the 94lidit) AFthOBghanarhisan be
sinply based on whether or not it can be used by the core product line. It
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related to that equipnment. One exanple of this additional functionality
occurs wi(ADE) interfateRcan grevidertrienaiespeaxkto Geneapplitations. pinysdditidn WOR
receiver is tuned by sinply providing a frequency. Another nodel of the
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radio i s tuned, which allows the use arirng rnformation
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include frequency, position, and identifier. Each service provided by the
st andar d 43t@dfeshbess sHusical eguipaent conditiony andpbysicabioferfaCe/dos0iticds423 - 45
the data to be conveyed, but also an indication of the validity of the

signal . This There are two aspects of input processing within the equipment

management subsystem 500 corresponding to those inputs that are received

10 from higher subsystems and to those that are received from the interfaced

equipment. For the former, data is generally destined for output to the interfaced

equipment. Since this subsystem contains logical models of interfaced

equipment, it is not necessary that each input, from another FMS subsystem,

results in an output to equipment. For the latter, input data is gathered from the

15 interfaced equipment and made available for access via the logical interface

provided for each piece of equipment.

As with the input processing, there are two aspects of output processing.

Those aspects are the reverses of the two aspects of input processing. Output

data are sent to the interfaced equipment as required. The fact that data are

20 made available to other FMS subsystems, as described above, is another way
of saying that the data is output from this subsystem.

The redundancy management subsystem 520 provides a backup

contingency in the event that there is a failure of the processor hosting the FMS



can be especially inportant for services that provide data to the FV5
product |ine applications fromexternal equipnent. For instance, an air
dat a conmat@|r42993ADC) i nterface can provide true airspeed POT/URM/33423
applications. In addition to 5 providing the airspeed value, the ADC
interface should provide an indicatiggof the validity of that airspeed
val ue. The validity can be based on such criteria as data freshness,

physi cal eqU| pment condition, and physical interface condition. There are
two aspedystesh i hbetFMPopeadiich ding; pﬂer@t%én G PpHesistandky adohesRarelibsy st em
500 corresponding to those inputs that are received 1o from higher

subsyst erenfiguration Whesebyt tre ppocesseisiactvely eracting the fenidtianality efj thepnent .
For the forner, data is generally destined for output to the I nterfaced
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| ogical interface provided for each Bﬁece of equipnent. As with the input
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the reverses of the two aspects of input processing. Qutput data are sent
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avai l abl e to other FM5 subsystens, as described above, is anot er way of
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necessary data transfers can take place and that the processors can swap roles.
10 The redundancy management subsystem 520 takes in indications of
processor condition to determine whether the active processor is fit to continue
in its role. It also gathers up the data necessary to effect a reversal of processor
roles and prepares it for transfer to the standby processor.
In addition to the transfer data, the redundancy management subsystem
15 520 outputs an indication as to whether the processors should exchange roles.
The present invention takes advantage of both hot-spare and dual philosophies
on various FMS programs for specific aircraft types.
The domain services subsystem 610 provides a collection of common
type definitions and primitive utilities that are used throughout the FMS product
20 line system. The definitions provided by the domain services subsystem 610 are
specifically related to the domain in which the system operates. It can be

important to realize that the entities exported from this subsystem are not simply

a collection of software data types that make it easy for implementers of the



system The FMS product line operates in an active/standby (hot spare)
configuration whereby one processor is actively executing the functionality

of the sYShesmoydil st the other processor is standing by aggdsodiasy ng. The
standby processor will to take over the workl oad of the active processor

should it becone 5 necessary. The stag?by processor is |listening and ready
by virtue of periodic transfers ofTdatafromthe active processor that
will enable the standby processor to take over for the active processor
and r esunsystes. witatheThbis suisystgstEoditesceeTiicgsrtatt ane assvided ihitae t he
aircraft is wired such that the necessary data transfers can take place

and that hpslidatieRessRiain.CaE@Res %f%mr%@n%h%vifrﬁ#Uﬂﬁga'a%diﬁg@eggm%et

subsystem 520 takes in indications o processor condition t term ne

whet her t ' rocessor _is fit to tinpe. ini role. It.also
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prepares it for transfer to the standby processor. In addition to the
transfer Wa8MPUtea distRneabeivaainpepeints enths eas and utii@sdotqomvertan

i ndication as to whether the processors should exchange roles. The present

i nvents onahgliasvaldesbetgecwfadighd ahdidegpess ANdtibradubRPEiepsPRih@theOn
various FMS prograns for specific aircraft types. The donai n services
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i mportant to realize that the entities exported fromthis subsystem are not
si nply aarydhingdhabis ejthes platfeameonaitaaftydepentbat; thekpréventing yhé olient
I mpl enenters of the WO 01/42993 PCT/ US00/ 33423
systems from becoming dependent on the aircraft and platform. The domain
10  services subsystem 610 accepts input parameters such as bearings, distances,
and latitudes/longitudes and performs the requested processing on them, but
none of the processing produces values that become resident in this subsystem.
Outputs of the domain services subsystem 610 are software type definitions,
which are universal to the FMS product line domain and computed values from
15 utilities. The computed outputs are not resident in this subsystem, but are
merely returned to clients for their use.
The operating system services subsystem 620 can buffer the rest of the
FMS subsystems from the host-computing environment such that the core FMS
will not be dependent on any patrticular host or platform.
20 The input to the operating services subsystem 620 can be, for example,
an Ada tasking model for the FMS system. This model is translated into the

underlying equivalent model of the platform, which can be independent of Ada

tasks. An output of the operating services subsystem 620 can be a condition



-47 system Rather, this subsystem provides services that are provided in
the application domain. Exanples of elenents within the donain services
subsyst ewmccli2gmse software data types defining |atitude apdriusengisgaide,
utilities to conpute a distance between two points on the earth, and
utilities to convert 5 angul ar val uegydetween radi ans and degrees. All

ot her subsystens within the FMS are expected to use the functions provided
by the danmai n.services subsystem 610 rather than define their own. This
subsyst eri{‘ngiﬁaﬂ‘i)’athﬂ;t's g?ﬁ'l[%qﬁ of i-H1-iRsts phthg BogrearaputinGenyreRnaenta r cr af t
dependent; thus preventing the client systens from becom ng dependent on
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i nput paranmeters such as bearings, distances, and |atitudes/|ongitudes and
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utilities. The conputed outFuts are not resident in this subsystem but are
i

merel ¥ r @XPldiadhe pregenéinvention anddisrpraciical applicationandhte thembyrenatiei ces
subsystem 620 can buffer the rest of the FMS subsystens fromthe

host - conthbse gkidieiin taTantto prake ahduse hite dentibNS Thesklskillid inehdependent on
any particular host or platform 20 The input to the operating services

subsyst eﬁ}%e‘??\ﬂillt}:égo fAze BRATRE ?oregé‘ﬂg’%@schﬁ@@ ?Hd '&gﬁl(?lég ﬁ?\w pegﬂys

system I'S node ransiated 1n yIrng equi val ent nodel of

the platform i.ch . can be independent of Ada , tasks. An output of the
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modifications of the present invention will be apparent to those of skill in the art,
10 and itis the intent of the appended claims that such variations and modifications
be covered. The description as set forth is not intended to be exhaustive or to
limit the scope of the invention. Many modifications and variations are possible
in light of the above teacHing without departing from the spirit and scope of the
following claims. It is contemplated that the use of the present invention can
15 involve components having different characteristics as long as the principle of
layered subsystem architecture for a flight management system is followed. Itis
intended that the scope of the present invention be defined by the claims

appended hereto.



WO 01/ 42993 PCTI USOQ 33423 -48 indication that is the result of
built-in-tests of the host-conputing environnment. The FMS subsequently
uses t hi wocand99si on i ndi cation as a conponent in other cPODUSINEB3423

i ndi cations, for instance, the status of data bus communications. The
enbodi ments and exanpl es set forth hejein are presented to best 5 explain
the present invention and its practical application and to thereby enabl e
those skilled in the art to make and use the invention. Those skilled in
the art, however, will recognize {HaAIMSe foregoi ng description and

exanpl es have been presented for the purpose of illustration and exanple
only. G her variations and nodifications of the present invention wll be
apparent to those of skill in the art, io and it is the intent of the

appended £l ains th : hakd M! i I i The
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scope of the i nvsnti %G Many nodifications anéi, variatjions are possible in
li ght of th&CTRYYRIP o@ﬁ%&)‘\ﬁ?'ﬁéﬂ? Sy Binigdicatas amthesgnfeicemand o€ cope of
the following clains. It is contenplated that the use of the present

i nventsi on c&ubsystemvadegpandeneyoutestwhérain agivkn $usystem lcanalspendsinlgs as

|l ong as the principle of |ayered subsystemarchitecture for a flight

managenent gpsheandthef Jubrysem lih the siameeBﬂqawbhaéubkgﬁeﬁ?s‘?%eoﬁhﬁé‘e
present invention be defined by the clains appended hereto. WO 01/42993

PCT/ US00/ 33 o =49 . A flight managenent system ( FM5)
é?&utec ﬁé’%ﬁl’gﬁ"& |

architecture rtesi

an operator interface subsystem for receiving input from an
operator and presenting output to the operator;

10 a communications subsystem for managing and interpreting
communications to and from aircraft and equipment used for
communication;

a flight management subsystem for managing functions associated
with operation of an aircraft; and

15 a database management subsystem for managing and providing

access to a plurality of databases housed within the FMS architecture.

2. The system of Claim 1, wherein application functions in the
communication, flight management and database are independent of the

20 operator interface subsystem.

3. The system of Claim 2, wherein the operator interface subsystem

is modeled as a client at a top portion in a hierarchy while the rest of the



conputing platform wherein the systemis predicated on the enforcenent of
5 subsyst em dependency rul es wherein a given subsystem can depend only upon
anot her wdeyRvem in the sane or | ower subsystens, the FMECT/HB@IB348ct ure
conprising: an operator interface subsystemfor receiving input froman
operator and presenting output to the-gQperator; 10 a communications
subsystem f or nmanagi ng and interpreti?u comuni cations to and from
aircraft and equi pnent used for communication; a flight nanagenent
subsyst em f @PPHeaiR) fgctions areatlonss pordersin thettierapdivat i on of an aircraft;
and 15 a dat abase managenent subsystem for nmanagi ng and providing access

to a plurglity of dahelgstesn bbTisich W Whereih it BpPlicationi subsystetns add The
systemof Claim1l, wherein application functions in the conmunication,

flight mana ; #ﬁp@ [ 8.1 e

interface sgﬁsy {e(raé;r’t]Bijgﬂ 8 e gggg%sﬁneg?g%o%‘agbd%teéﬂlgﬁcf&Eﬁ%p({err?éa@%?!
interface subsystem .is eled as a . client at a . to ortion i a hierarchy
while the r 9%519 %]ﬁénwpﬁég@@ww%@f%'nte'gﬁ)geaWBh?'étélfFeGﬂn? uncti ons
are at |l ower portions in the hierarchy. 4. The systemof Caim1l, wherein

t he appl i cathe®ondabiging tapplicatimh. t he operator interface subsystem are

i ndependent of each other, thereby allowing the introduction of a new type
of operator interface wi thout affecting

5. The system of Claim 1, wherein the subsystems are dependent

upon the computing platform to access the external environment.

10 6. The system of Claim 1, wherein subsystems are dependent upon
the computing platform to access the external environment because the
computing platform has a physical dependency upon aircraft wiring to affect

the external systems.

15 7. The system of Claim 1, wherein the equipment management
subsystem provides a domain-level interface to the equipment upon which

the performance of application functions is based.
8. The system of Claim 1, wherein the Equipment Management
20 Subsystem is responsible for implementing the high-level interface using the

low-level facilities provided by the computing platform.

9. The system of Claim 1, wherein the Equipment Management



5 the underlying application. 5. The systemof Claim1, wherein the
subsystens are dependent upon the conputing platformto access the
external wovi4299hent. io 6. The system of Caim1l, wherei RCIAEOY3M2hs are
dependent upon the conputing platformto access the external environnent
because the conputing platform has_agphysical dependency upon aircraft
wiring to affect the external systens. 1s 7. The systemof Claiml,
wherei n the equi pnent managenent subsystem provides a donai n-1evel
interface t4RRSIEIRINGsEdSRpIENAi Uhthe spmpetingpigfes®. of appl i cati on
functions is based. 8 The systemof Caim1l, wherein the Equi prent
Managenent 20 Subsystemis responsible for inplenmenting the high-Ievel
interface using the lowlevel facilities provided by the conputing

platform4§. The sy i i ' t WO
01142008 B/ USoor 33055 el Bt 1, WEIER Ihe Qi cRNB ubBRSIRERE . I e

platform 10. The systemof,C aim,l, wherein the co ni cati on_subsystem
has a depefidife¢ng nﬂ‘leoﬂatthgb%éat?ﬁfﬁad%ﬂ%?ﬂer@%%%?é‘gg‘g?teghu?BH@me"tS
managenent subsystem and conputing platformservices. 11. The system of

C ai m3l, whénanagementceihaystarat anthcempsiisg ehatfarongervices. voi ce and dat a
transm ssions capabilities. io 12. The systemof Caim1l, wherein database
access for the database nanagenent subsystemis provided to flight

pl anni ng and aircraft gui dance

11. The system of Claim 1, wherein the communication subsystem

comprises voice and data transmissions capabilities.

10 12 The system of Claim 1, wherein database access for the database
management subsystem is provided to flight planning and aircraft guidance

information.

13. A flight management system (FMS) for automating functions that
15 flight crew performs during flight and for providing higher-level functions that
are normally impractical for crew performance manually, comprising:
an architecture housing an electronic flight plan, wherein,

said architecture implements complex flight operations
comprising Standard Instrument Departures (SID), Standard Terminal

20 Arrivals (STAR), holding patterns, aerial refueling, and air drops,
said architecture is configured as a layered subsystem
hierarchy and is based on subsystem-dependency rules which allow

a given subsystem to depend only upon another subsystem in the



information. 13. A flight managenent system (FMS) for automating functions
that 15 flight crew perfornms during flight and for providing higher-1|evel
functi onwa®a993are nornmal ly inpractical for crew perfor nBGEESHEIRE | v,
conprising: an architecture housing an electronic flight plan, wherein,
said architecture inplenents conpl e_x_dé i ght operations conprising Standard
I nstrunent Departures (SID), Standar ermnal 20 Arrivals (STAR), hol ding
patterns, aerial refueling, and air drops, said architecture is configured
as a |ayered subSpgteef loweshigrarshicaldayerspaR@d on subsyst em dependency
rules which allow a given subsystemto depend only upon another subsystem

in the WO 01/ 42993 PCT/ Usii@ aB3vi2sture Bampaurdcates Withesirchive intertdtesphnd ayer s,
and said architecture communi cates with aircrew i nterfaces; and an

Mhierface Lo | mokedaeroradt sSGH bl FREERMIno L Pefor BhEELEH g on

the services invoked, the FM5 can be required to obtain _information from
aircraft senscECT@WdINiRRGR: tR dRYSkR sefviees erayided by the $FMB: wligseiBpri at e.
14. A nmethod of controlling and coordi nati ng conmuni cati on between 10

di ver se nodul edepending bnghe seaviegs imvokedytieccRMS-045) becogbirgniteedbtn a

| ayered subsystem hierarchical architecture, the nmethod conprising the
steps of: information from aircraft sensors and assume control of aircraft avionics

if appropriate.

14. A method of controlling and coordinating communication between
10 diverse modules in a flight management system (FMS), configured as a
layered subsystem hierarchical architecture, the method comprising the
steps of:
coordinating communication between operational subsystems
incorporated into the FMS based on subsystem-dependency rules which
15 allow a given subsystem to depend only upon another subsystem in the
same or lower hierarchical layers; and
verifying communication based on the subsystem-dependency
rules during implementation and execution of software associated with
said modules.
20
15. The method of Claim 14, wherein module operation is continuously
checked against rules to ensure that module operation reflects module

dependencies throughout the FMS mirroring corresponding real-world



coordi nati ng comruni cati on between operati onal subsystens incorporated
into the FM5 based on subsystem dependency rules which 15 allow a given

subsyst efgd gy f8end only upon anot her subsystemin the sagpRboisayer
hi erarchi cal layers; and verifying conmmuni cati on based on the

subsyst em dependency rules during i n‘gl enentati on and execution of software
associated with said nodules. 20 15 °¥re nethod of O aim 14, wherein

nodul e operation is continuously checked against rules to ensure that
modul e oper aependenties@ssdefortd ey FMSD sublsystérasdégendenbputleshe FMS mirroring
correspondi ng real -world WD 01/ 42993 PCT/ US00/ 33423 -53 dependenci es as

def [ ned bUEEND SUDSXATYAARRRARGINGS P FEMEDinclbcid SlkyeFBaRgBaRILmSY St o

(FMB) including a |ayered-subsystem architecture residing on

platform wherein . the systemis redi cate n the enforgenent of .
subsyst em defEMIRLS f%%’@@gwﬂﬂcﬂ g?'?‘BHﬁ@ aaaﬁ?éﬂ WS i SYSIBMRd onl y
upon anot her subsystemin the same or |ower hierarchical layers, the FMS
ar chi t ect ur @redispiedseomthe enfomsmentsf subsystenedependaneyaulesovhick alidowi ng
input froman operator and presenting output to the operator; a

conmmung cat i engiven sapsystant @ depEIRDbMY upoH AnBtRePEEdyatem WP tHo8amBIgrat i ons
to and fromaircraft and equi pnment used for conmunicati on;

lower hierarchical layers, the FMS architecture comprising:

an operator interface subsystem for receiving input from an
operator and presenting output to the operator; |

a communications subsystem for managing and interpreting

10 communications to and from aircraft and equipment used for

communication,

a flight management subsystem for managing functions associated
with operation of an aircraft; and

a database management subsystem for managing and providing

15 access to a plurality of databases housed within the FMS architecture.

17. The system of Claim 16, wherein said communication, flight
management and database subsystems each further comprise a plurality of
application functions that are independent of the operator interface

20 subsystem.

18. The system of Claim 17, wherein the operator interface subsystem

is modeled as a client at a top portion in a hierarchy while the



a flight managenent subsystem for nmanagi ng functions associated wth
operation of an aircraft; and a database nmanagenent subsystem for managi ng
and provipd g9 access to a plurality of databases houspériishidsgst he FMS
architecture. 17. The system of C aim 16, wherein said conmunication,
flight managenent and dat abase subsysgems each further conprise a plurality
of application functions that are Th ép‘e‘ndent of the operator interface

20 subsystem 18. The system of Claim 17, wherein the operator interface
subsyst em icommusicationsflightinaaagertent ahd piataydseosubisystenhs areatiwerhi | e t he
WO 01/ 42993 PCT/ US00/ 33423 -54 communi cation, flight managenent and

dat abase subspredrdh m@q—,i@,tarémy_\er portions in the hierarchy. 19. The system
of Claim 16, wherein the conmuni cation, flight rmanagenent and dat abase

subsyst engqare i ndepend fro he opgrator . 5 interface sybsystem
ther)éby gf?'owi ng i n?ﬁ%dg’gt?'@nog}élg"ﬁe%t yhereip WWW@H?W‘@%@M t hout

affecting the communi cation, flight management and database subsystens.
20. The systeanagereenijandidatahpse suhsystemsare andependeet franethe dperator
comuni cation, flight managenent and dat abase subsystens are dependent

upon tshe cointatfacg spbaystemnnttereltg 8RSHIndINPIARIIBA of AW & opetator The
system of Claim 16, wherein the conputing platform has "a physical

dependency yhRaRagh wiRbdt WEEiHY tRe Adhifurfodiioh” %Iiéﬁtymognaagiermcén%f hnd

database subsystems.

20. The system of Claim 16, wherein the operator interface,
10 communication, flight management and database subsystems are dependent

upon the computing platform to access an external environment.

21. The system of Claim 16, wherein the computing platform
has a physical dependency upon aircraft wiring to affect a plurality of aircraft

15 systems.

22. The system of Claim 16, further comprising an equipment
management subsystem that provides a domain-level interface to a piurality
of equipment upon which the performance of application functions within the

20 operator interface, communication, flight management and database

subsystems is based.

23. The system of Claim 16, further comprising an equipment



15 systenms. 22. The systemof Caim 16, further conprising an equi pnent
managenent subsystem that provides a donain-level interface to a plurality
of equi pvemd1/4299n whi ch the performance of application fuRCHIESAY3342Y hin t he
20 operator interface, communication, flight managenent and dat abase
subsystens is based. 23. The systemofzcCl ai m 16, further conprising an

equi pnent WO 01/ 42993 PCTI USOQ 33423 -55 managenent subsystemthat is
responsi bl e for i%l enenting a hi ?h-l evel _interface using a plurality of

| ow | evel f dBRNAGSBENEHRSREEMARAL Irerespansibledfor inmriementing ahighHevely st em of
Claim 16, further conprising an equi pnment 5 managenent subsystemthat has
a dependencyintenfackeeusiognauplunglitp loidwedevel fadlitidshprayddd: by dhe Goanputihg,
further conprising a conputing platformservices subsystem io 26. The
system of d@hfipde, Wherein the comuni cation subsystem has a dependency
on the dat abase nmanagenent subsystem equi pnent managenent subsystem and
conputing

| at f orm servi ¢ces subsyst . 27 he system of Claim16, wherein
t he com’rualﬂcati on 15 su%sﬁyé%%&ﬁ?%gsvglrﬁ?ré’ﬁmqﬁf@ AP &AM NS
capabilities. 28. The systemof Claim 16, wherein said navigation subsystem
furthef conphnRBagemegnt subsystemn hatinas & depgrdenaytan thei ¢camputingrplatioann a | i st
of |egs
25. The system of Claim 16, further comprising a computing

platform services subsystem.

10 26. The system of Claim 25, wherein the communication subsystem
has a dependency on the database management subsystem, equipment

management subsystem, and computing platform services subsystem.

27. The system of Claim 16, wherein the communication

15 subsystem comprises voice and data transmissions capabilities.

28. The system of Claim 16, wherein said navigation subsystem
further comprises:
a flight planning subsystem to build and maintain a list of legs
20 defining a flight plan; and
an aircraft guidance subsystem to guide an aircraft flight trajectory
by producing steering commands and targets.

29. The system of Claim 28, wherein database access from the



20 defining a flight plan; and an aircraft gui dance subsystemto guide an

aircraft flight trajectory by producing steering commands and targets.

The systwa @f42993ai m 28, wherei n dat abase access from t he RX/USIOBINI3
PCTI USOQO 33423 -56 dat abase managenent subsystemis provided to said
flight planning and aircraft gui dag:gSSﬂbsyst ens.

database management subsystem is provided to said flight planning and

aircraft guidance subsystems.

29.



