A LAYERED SUBSYSTEM ARCHI TECTURE FOR A FLI GHT MANAGEMENT SYSTEM
BACKGROUND OF THE | NVENTI ON The present invention is generally related to
flight managenent systens. Mre particularly, the present invent{)dnjjNsi004
related to a full-featured flight managenent systemthat extends a single
architecture to diverse subsystens (e.g.. comunication, controllers,
nonitoring, and data |link) that are nornmally independentl and are
not easily WOk able. to Existing flight nmanagenent sys% ens EE% are
notoriously difficult to nodify and maintain. H story has generally shown
t hat FMS devel opnent prograns that assume the strict reuse of code from
previ ous FMS prograns have unacceptably | ong devel opnment schedul es and,

t herefore, eXCGSﬁWER@IﬂQUB%‘FEM&RCWE@T@RBF@MFLiGHTart FMS
devel opnent net hodol ogy, whenpiAGASEMENTENRSPEMIMS devel opnent prograns
bei ng executed concurrently, two or .nore.devel opnent teans perform ng
sim lar devel opment tasks_haye.a a‘. .; H ' af. . t aki ng advant age of
each other's work. These +oRg—OeYe-op+HER & cost overruns, and

| ack of team synergy can be attributed to the previous FMS prograns' |ack
of a sofstware arféRresentinventian is genarally wiatedinfight manapementsySEfSnsi bl e.
Because only a few software architectures that can be used for nulti-

syst em nanajemeparticulaiy) theFp@sent imveritionhisurgiated uto aniwl-derturashflight t he
primary artifact from previ ous FM5 prograns that can be used during

devel opmentymadaditnert\dysitm tia ExtdriiseP Singld arehiteguriohdiversa subsysteras

(e.g., communication, controllers, monitoring, and data link) that are nomally
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 overruné.. and lack of team synergy can be attributed fo the
previous FMS programs’ fack of a software architecture that is well documented
20 and easily extensible.
Because only a few software architectures that can be used for mutti-
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  meodifications to existing code required to implement new FMS requirements




nodi fications to existing code required to inplenent new FMS requirenents
are typically made from an individual software devel oper's perspective.
Oten, software requirenents that are used as the basis for inpl E @ﬁqﬁfn
do not reflect the original problembeing solved or the original cag ty
bei ng added. This leads to a software solution that can be virtually

I nconprehensible froma wuser's standpoint Over tine, as. b‘g@@g‘ﬁ on
changes ar @93t he i npl ement ati on becones an unnmanagea é}%ﬁeration
of software nodules that all have the potential to depend on each other.

Wien this occurs, the result is typ+edlty "spaghetti-code." Further
conplicating the issue can be the fact that there are several FMS prograns

executing gy Bg%ﬁbﬂeyﬁorﬁ%ﬁﬁaﬁi&falwﬁﬁar@%iﬁre%?g or Ocﬁ?ﬂ?@fté?f OCess,

it can be vir | mpossi bl e t.or. an - ongoi ng pment programto

Concur s ent SeRaLERETEIRNS HiI e A me el S0 PrBihepBlte 35 ey
possi bl e that the personnel] - on two or .nore programteans are derJd ng on
the sane pfeflactiheengingl prablem beipg solvediar the prigibakeapabjity being: -

col | aborate. There is a need for an inproved flight managenent system ( FMB)
ar chi t ect urkhis kesdsite acsofiware isblutinn tthatidan b vifteallynincpmprahensible frogha - r el at ed
equi pnent on various aircraft types. Such an inproved FMS architecture
could f§or gséPe seafdpidtor Oveprtaflgciasl thshges &pon Ichanfes edrat rRJEMENSYSt ens,

conprising functions common to all aircraft types and functions peculiar to
speci fi ¢ ajGeffdntation? Becofiésh atS (hnfaragedbR° chhfmidrhtion of software
modules that all have the potential to depend on each other. When this occurs,
the result is typically “spaghetti-code.” Further complicating the issue can be the
fact that thére are several FMS programé executing simliltaneously. Because
10 of this codé-based development process, it can be virtually impossibie for an
ongoing FMS developmént program to take advantage of desifable 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 probiem 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.




SUMVARY OF THE PRESENT | NVENTI ON Qur invention is an inproved FMS
architecture that can formthe basis for a FMS product |ine. Eacg F }
within this product |ine conprises functions conmon to all aircr fgtmgs
and functions peculiar to specific aircraft types, such as a C5 cargo
aircraft. One aspect of the present invention is an FM5 "| ayered subsystem
architecture that enabl es diverse subsystens at associ at edp&,gggﬂﬁ%cal
levels to WRPESPZte with one another based on predefined dependenci es
within the overall FMS. Another aspect of the present invention presents a
met hod of controlling and coordi nat i‘rréf"C'Orrrruni cation between diverse
subsystens within an FM5. A first FMS architectural rule is that each
subsyst em oper ati on shal | SUMMARY ©OF THEIPRESENTINMENTION ng sol ved, such
as a flight leg transition. A second FM5 architectural rule is that

subsyst em dependgiicingéntiolf s Bhiimpltfe¥MS BiuriteeurOmaEcaDRTDe besis fao! | d
dependenci es as defined by specific aircraft operations. These rules are

verified duri i nmpl.e t at r. ' f iat ed
W th each of FNS ARRSGLRS <8t U it Bt protfct ine SErigfiees, GRGASS
automates functions that a flight crew would routingly. perfor | n
f1ight opermmmwtaﬁéim%ﬁ%émﬁmstm fmﬁPﬁﬁE?é\’/‘g?ﬁﬂﬂ?tg tghat

woul d be inpractical for a flight crew to perform nanual ly under nor nal
conditi ofns. asta C-$ cavgoairptadlt ed t hat the i nproved FMS of the present
I nvention woul d conprise software constructed hierarchically as a |ayered

subsyst em ar chi t ggleUsgherh &f tAS iptesentanventiomsuan FM$ | ‘EyeednsulFsystans

architecture that enables diverse subsystems at associated hierarchical leveis
to interface with one another based on predefined depen&encies within the
overall FMS.
10 Another aspect of the present invention presents a method of controliing
and coordinating communication between diverse subsystems within an £ MS.
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 comesponding reai-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
woutd routinely perform during fiight operations and also provides additional -
20 high-level functions that would be impractical for a flight crew to perform
manually under normal conditions. 1t 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




subsystens, wthin this |layered architecture, include the followng. (a) An
operator interface subsystem provides a sinple and easy to understand
interface between the aircrew and aircraft and is responsible for03 JUN 2004
collecting FM5 inputs from- the aircrew and presenting FMS outputs to the
aircrew. This subsystem al so provides operator services (application
functions) allowing the aircrewto obtain information dir hﬁm&ﬁﬂ
aircraft sV to assume direct control of aircraft oni cs

equi pnent. (b) A comruni cations subsystem manages and interprets

communi cations to and fromthe aircraft4and controls onboard equi prent
used for comrunication. (c) A flight nanagenent subsystem provi des

functions agsp§ystms, withihlthis adred arthitBtture PRERIdedRE folfdwiRigas Nai nt ai ni ng
an electronic Tlight plan and providing aircraft guidance. (d) A database

ranagerrent subsy e Al WAL 0LMAR iRTueh S KR adagiases
Fol I owi ng. detai | ed deUBReTSEANSI IBRTTRSR: beRioh the AIGrok AN SFedt Ao By
practice of the present invention. BRI EF DESCRI PTI ON OF THE DRAW NGS The
acconpanyi ng fi gur es’ respopsibih for collecting &MS inputsr flos rthe cairerew iapdnt i cal
or functionally simlar elenents throughout the separate views and which
5 presenting FMS outputs to the aircrew. This subsystem also
provides operator services (application functions) allowing the
aircrew to obtain information directly from aircraft sensors or to
assume direct control of aircraft avionics equiﬁment.
(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 numerals refer to

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




are incorporated in and formpart of the specification, further illustrate
the present invention and, together with the detailed description of the

i nvention, serve to explain the principles of the present inventidhd JUN 2004
Figure 1 is a basic illustration of an FM5 and its surroundi ng

environment. Figure 2 is a block diagram of subsystens associated with the
FM5 and rel ated dependencies. Figure 3 illustrates additigggy denci es
i ncl udi ng NHWRMns from Figure 2. Figure 4 is a |layered rep%@?gﬁ?ation
of the subsystens depicted in Figure 3. Figure 5 is a block diagram
illustrating through arrows the concepf®urat dependencies anong five

avi oni cs subsystens included in an overall flight managenent subsystem

Fi gure 6 i Sya irRloRsdratédas aafbrin part obthi apedifications fistherilidstate thepieseat es  f or
the flight managenent subsystem depicted in Figure 5. Figure 7 is a |ayered

representation é’{ﬁ@ defdidd d:ésﬁlf'l ford of thelinfemtidnaRehval foy
conpl ete sdﬁgﬁ‘@bnﬁ‘g?@e f@g’??&%ﬁﬁatlon 0 |5an overall FMS architecture
and associ at ed subsyste and dependencies therein. DETAILED DESCRI PTI ON
OF PREFERREZXPiaIRES R@@F&gwggﬁeﬂfg?ﬁqq%"qrﬁoﬁn i nproved flight management
system (FM5) 11, which i i . L

Figure 1 is a basic illustration of an FMS and its surrounding

5 environment.
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




conprises software architecturally configured as | ayered subsystens. One
pur pose of developing this FM5 | ayered subsystem architecture is t

docurnent i nplenentation and dependency rul es that must be foll owe{gg ('JLW |2Q%
software devel opnent or nodification for individual subsystens contained
with the overall FMs. This |ayered subsystem architecture can be used for a

product lineg, or famly of related FM5 systens for variou LI Cr types.
This new an¥QBMive Frvs product line will be rooted i ns%%%%s

domai n- based software architecture, and each individual FM5 software
i npl enentation will be checked agai nst—that architecture. In contrast,
because there are generally no architectural guidelines for the

i mpl enent er %ohﬂ:ﬁs@b'ﬁﬁw&éré@ﬁﬂeéﬁﬁll?%nﬁé@rehnﬂ %Vé?éd?‘éub ad- bpe
fashi on usi ng whatever nmeans are required to get the job done in the nost

CH" om0 iy 5 b SRBRIARN ool P e "
ThE e . SpmARRlSn S FaReadeoes fobt bk etche Kb b e

routinely performed during flight. Because of its speed and ability, the
FMS i s al so develpment pr modificatiasy farindividigai subsysterhs nontaimed withethe wverll
previously inpractical for a flight crewto performnanually. Al though the

I nt er nal s0pFNASI OThi® fayeved sabsystérararcititectite capte Bsed forepiddectlivyy or poi nt
of viewit can be quite sinple. To the flight crew, the FM5 can easily be

characteriz ' | f AAL U Si in
the aircraf ?Q %ﬂ%ogﬁ%@g;w%g%ﬁ% %S%M e I8 el drichinveinth

_ ystem t ectronic version of
eapeci a1y TN Aredisd B8 it e s bl dltAEine et mele B iahEtn: ot on
of and each individual FMS software implementation will be checked against that

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

10 for the implementers to follow, 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 mimoring real-world dependencies during construction of the
FMS product line system, the spaghetii-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-le\)el 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 implementation of




I ncreased conpl exity behind the scenes, while preserving the sinplicity
that can be perceived by the crew. Tasks being perfornmed by fligbg
managenent systens are numerous and generally conplex. The inpro o U804
architecture presented herein inplenents conplexity while presenting a
user view of the systemarchitecture that can be sinple and easy to
understand. The FMS architecture can be generally describe {Radsn terns
of functidﬁﬁpy§”§ﬁﬁ ented subsystens as viewed fromthe perspective of an
end-user. Wiile it can be ultimately inportant that the inplenmentation of
the system match the conceptual view of 7tte architecture, that does not
inmply that the inplenentation nmust follow a functional deconposition

approach. |, ki bR scehls i whiiles prebervingithe sinplisity that aapr oach

that can be c"ﬁosen, the Cconcepts and rules inposed by the architecture, be
-faithfully adher ' resulting.inplementation. The first step in
desi gni ng t%&%ﬁ?’%‘&?&%gﬁwt he FM5 as with any system is to define the
probl em bei ng sol_.ved and to exanipe_t context in ich t is to
operate. Figure Tagkspeng P&“ﬂﬁ?%ﬁ&ﬂ‘gp‘gma@@gmﬁ%%s ?We'm&ﬂgaf?[taﬁg]nd its
surroundi ng environnent. Al though the context diagram presents ?ﬁ’ .
sinplistic \eneraly compex.i r Fheyimpraved: FMS natchifretine | Riesented NFSIR of it
in this manner. After all, the FM5 11 is, to a great extent, sinply an

“interface bgkiyRtfients kompieity avhilkpresentingea aseroiai of it syssemaErthilectursi ng t he
interface provided by the FM5 11, the operator 12 invokes the services

provi ded by he EMG: Linple Bhacidyte urekdtanger vice that is invoked, the FMS
11 can require I ntormation
The FMS architecture can be generally described herein in terms of
functionally oriented subsystems as viewed from the perspecﬁve of an end-user.
While it can be ultimately 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 sysiem
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




fromaircraft sensors 14 and can control aircraft avionics equipnent 15. In
addition, data can be | oaded into and extracted fromthe FM5 11 using an

i nterface device 16. Even though the FM5 11 can be pictured in thqg UN 2004
sinplistic manner presented by the context diagram there are ac uéﬁ”i
several conplex tasks being performed within the FM5S 11. Therefore, to
understand the details of how the FM5 11 perforns its functions, it is
benefici al VOB the contents of the FMS box shown i n PETGHON33623 |
describing the functionality of the FM5 101, its capabilities can be
divided into just a few groups - cal l-edBsdbsystens. Each one of these
subsystens is generally dependent upon ot her subsystens in order to
acconpl i sh {rbf hivdtalti seihsofd 14!dnd. cAh@oRfbl AifcrifYRivichids ahdipmetit £5.CHVPULI Ng
platform 21, shown in Figure 2, to acconplish its function. A

represent at | . e Ltec [ i 1.0 e FMs
11pi s ill us%&@?@g W%P%qgsg% ﬁ{{hia{énq;%’ﬁ#%?:?rﬁwg\}ﬂe?,ﬂ Hg‘ngu%@t I ons
of the FMS, 11 are, classified in the broadest sense. Therefore, internally,
there are fm@%‘?ﬂ‘"%iéysterrs t hat - col | aborate to acconplish the overall
set of capabilities provided by the FM5 11. The operator interface

subsyst em 100 coEvem ttboigtpthe AMSN 1 itanabe qiduredojre the eimplistienthannesent s
outputs to the aircrew operator 12. This can be acconplished via several
nmeans i ngl ugigsentidd by dhe lconiexa diaytamg AvéreChretact@aly severhbchrpldx, tasksct r oni ¢
flight instrument systenms (EFIS), and various annunciators. The

comruni cat i et e [ headS to
g@@ig%hgytﬁéqmﬂ ¢%. Fhereioie fgﬁj.fagfst?ﬂ% twaaan@af W

and fromth 3 and the equi pment u$

the FMS 11 performs its functions, it is beneficial to review the contents of the

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, intemally, there are

-four major subsystems that coilaborate 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 varous

annunciators.

The communications subsystem 200 manages and interprets




comuni cation, including both voice and data transm ssions. interpretation
of data-link information provided by a comuni cati ons nanagenent ﬁ
(CM)), (not shown) can be perfornmed in this subsystem The flﬂgﬂé N 2004
managenent subsystem 300 manages all functions associated wth flying of
the aircraft 13, including for exanple flight planning and aircraft

gui dance. The dat abase managenent subsystem 400 nmanages a )

access to tWOUKIB,| dat abases housed within the overall g%gﬁh%%s?&%otably
a worl dwi de navi gati on dat abase (not shown). The diagramin Figure 2

depi cts each of the subsystens as a bex9-heir . dependenci es upon each
other as arrows, and the conputing platform 21 as the surrounding box. in

Figure 2, Fﬂﬁ‘ BSOS/ to R froRPHHROAFIER B AhdtHe equipinest usbe fox tetnal
enV|ronnent%% m t he context diagram |s not shomn However, it should be

e et | oA ERS AT Bl b o G BRI YRR

400) have nore of a depende t he external enV|ronnent t

CompU | g pIeLH SRk nRITRRIRYSPIENI9BY by G IIORS R PEAEH O a00)
are dependent upon the conputing platform 21 to access the external

envi r onnent .(ndtstowrrcanchdped ndhisaubsysteq.pl at form 21 has a physi cal
dependency upon aircraft wiring to affect external aircraft systems. Figure
3 shows not only the dependencies visible in Figure 2, but also the
addi ti onal dependencies from each subsystemon the conputing platform 21.
Notice that an additional subsystem equi pnent managenent subsystem 500,




has been added. The purpose of the equi pmrent managenent subsystem 500 is
to provide a domain-level interface to external equipnent upon whi ffg ﬁ]
performance of application functions, contained within the other Q %@‘E s
(100, 200, 300 and 400), can be based. For instance, the flight nmanagenent
subsystem 300 can depend upon inputs froman external inertial navigation

system (I NS not shown). Wile the logical, donmain-level i to the
INS can be¥P bnt to fli ght managenent subsystem 300, F%&{%ﬁ%@vel
interface is not. Therefore, the equi pnent managenent subsystem 500 is

responsible for inplenmenting the doreit®+evel interface to the INS using
| ow-1 evel interface facilities included in a conputing platformservices

subsyst em 600. .Thrhé figlht hanafemient Saisysiae 300 hidifkiges MNALHORS hsSatistedt em 500
has a dependency on the conputing platform services subsystem 600. The

ranagerent 0.3 10 kvt 125 HEIAIS KBl R WG IR arPafeR 707 o

600 subsystens An inportant aspect of the |ayered subsystem architecture
i's illustradbianges; gure 3. It should be noted that the dependencies

bet ween subsystens are illustrated in a "downward" direction. Subsystens
can only depend Uperdatabases managementcsuhaystare 1408 manages aadrprovideswer

hi erarchi cal |ayers. There is no dependency of any | ower subsystem on those

subsyst ess abowss totthe Beeerahtatiibases hbasedwithin thet eldryll PMS]imastarbtablyt he
enforcenment of what is known as the "subsystem dependency rule." The

subsystem d%ﬂﬁ&ﬂﬁﬂ&énhUigﬁtiéﬁﬂh%dsQ%oﬁsﬁMi ven subsystem nay depend only
h

upon anot her subsystem i'n the same or |ower hi erarchical |ayers." Al though
the "same | ayer 8 %ﬁég?Qm% F-tiaﬁreri'j bgpi&& &Octl'u of the subsystems as a box, their

dependencies upon each other as arows, and the cornputing.platform 21 as the

surrbunding box. In Figure 2, any dependency upon the computing platform 21

10 or the extenal 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 intemal subsystems (‘iOO, 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 aiso 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-level interface to external equipment upon which the

performance of application functions, contained within the other subsystems




illustrated in Figure 3, its use will becone apparent in subsequent views
of the system The inplication of this rule is that higher-Ievel g 2004
subsystens can be dependent upon | ower-|evel subsystens to acco |I£9F
their function, but not vi ce-versa. Enforcing this dependency rule
establishes a client server schene where the clients are always above
their avail able servers. This architectural feature nakesP&} JaToLN igle to
ensure thatW@RE42¥ vers are designed such that the client T's m)sﬁy
irrelevant It is inportant in preserving the integrity of the system
architecture that the subsystem deperddiey rul e be enforced at al
subsystens of the system The inportance of enforcing the

subsyst em dfﬂﬁﬁ%ﬁczoé 'ak|nS 409) V&l be babas! Faf Peidrde! i fight mahagermsan e.
al " of "1

| deal |y, € application functions, contained in the various

subsystens within t MS, .are in e t -

subs%st em 16@.’5%2*%6}: gan Fﬁﬁ%%é'g§ﬁdﬁgﬁ%tf5°% é%:ngg’g% sﬁ‘ﬁ%al Q%‘ggé:tgﬁpbe
nodel ed as the ultinate client, | ocated at the top of .the | aye eﬂ

ar chi t ect ur systam (INS) tnot shewnht While t%g?ﬂ'%tq%a‘f‘ ﬁ‘é?'i'@ﬁgaﬁ?é’{h& N3 ned in

subsystens in |ower: layers within the hierarchy. By follow ng the
subsystem dapbedmportantdodlighttmanagerientcsubsystenx3eQ, thetow-devel tadace

subsystens and the is operator interface subsystem 100. Therefore, the

i ntroducti op it Fheftbie) BR juiprAest Mbhragdmért sLbsystem!SDfds esspopsiblecips .
required by a specific aircraft type, wll have no effect on the underlying

VS SubSYS! g difhadfic UhaRU LI PHEASLS YA 195 G o AiieR reade

di agranmm ng arc e can be viewed in slightTy different nanner.
Dol 92 s TR BT R G b iBovof Gof cPiaRgs 0. Du
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




di stinction between the two representations, except for the obvious
graphical difference. The difference, however, can be quite inportant in

| ayi ng the ground rules for system devel opment. Indeed, the |ayqr®dyN 2004
subsyst em di agram of Fi gure 4 shows all the potential dependencies that
exist in the system This view of the system has the benefit of providing

implicit gw d@n&§8f or design decisions during devel opmentp@ifisdolibishe

system upg cause of the subsystem dependency rule. By using the
| ayered subsystem diagramin Figure 4, one can verify that the dependencies
in the diagramof Figure 2 are valid—I#-= dependency turns out to be
invalid, then there is a basis for questioning whether the overall system

represent at \Lie%vle?sae EAPAdIng IHIE depeidandyHletésttsishby aiclientedervensuhens 0od,
and whet her the subsystemdiagramis truly representative of the potential

dependencies, |t : | v p%w [ cgRal at a
regl -world ﬂgﬁﬁq W%Ia‘g\'/eg% %@%@gsﬁb&%m&dps@ ee%iéﬁg}s?tﬂg?%@fﬁ I eanI , It
shoul d be cl ear what the set. of vali ential de ' y is.
Then, agai @MGW%W’F&H&H&B@%P% W%@G‘g 8&%@%%@%@%% donai n
experts, such as navigation equi pnent engi neers, regardin B} e validity of
dependenci eslierltimmd'sﬁgiﬂ@lﬂvaahqb@ lmnoaapt@tmqsmgmﬁj@#ﬂaf@g Bt he FVS

system architects and these domain experts. Wiile the top-I|evel subsystem

di agram of Richite6ude fhiat thri subisgstepetiependency daip decnioiced abak ssbsysteres FVS and

the external environnent, it is at too high of a level to adequately

addr ess theof@%ag shth. Of capabilities generally provided by the FMS. As
ubsyst em

|l ong as the's dependency rule is foll owed, however,

The importance of enforcing the subsystem-dependency rule is well
illustrated in the following example. ldealiy, all of the apblication functions,
contained in the various subsystems within the FMS, are independent of the

10 operator interface subsystem 100. Therefore, the operatdr 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 re;quired 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




it is valid to further deconpose each of the major FMS subsystens. The
deconposi tion of each major subsystemfurther refines its functionality and
clarifies the potential internal dependencies. Further deconpositﬂ@nﬁj Hph
exanpl e into sub-subsystens, can be performed as |long as the resulting

di agram conveys a reasonabl e | evel of understanding. Again, each of the
sub- subsystens shoul d be defined using domain | anguage. F | ation
pur poses, WOHE2MFht management subsystem 300 has been furﬁredr&dgég%ﬁnposed
and the result is shown in Figure 5. |In Figure 5 conceptual dependencies
anong five sub-subsystens, representihdTeal-world aircraft flight
operations, are shown contained within a deconposed flight managenent

subsyst em 3P0n.es GR i pislehtial Bepehduneiisithat exist in thel systean nThisiview of the

deconposition, the focus is on determi ning how the capabilities of the
overal | FM5 11 ar r&ﬁﬁh icit BEidaRtaidreRsignfediidneduinghose
capabi | iti@sm.h%%égmgﬁ@ the pr p%igfrtBblr eakdown, 1@:1 I s useful r{gl;
renmenber that the purpose_of the EMS is sinpl t '

functions @exalopment Iqr't'j'htf"'@f'%v\?@?'ﬂab'pﬂagggt ?‘(’8%%?%“5/ %m%r%’&iaer ef ore,
it is not wunreasonable to expect the resulting FN5 des'.gn t‘?rt directly
model f unct dependenay rule. By uisingithedaverrfl sukgypiem dingmm f"hif)‘ P A% ay i n
t he domai n | anguage as | ong as possi bl e during system devel opnent _so that

domai N expeydrfs thathe afdpendenacies sindtheodiagear aefe Figuse cdrarecydlisss If g Fi gure
5, the aircraft guidance subsystem 310 is shown to have dependenci es on

the 11ght gaglREAc) Ring 8l toBRinGAI, Bien (REHR is atsbsid fophestioning whetbeo
subsyst ens. e navigation radio tuning subsystem 350, on the other hand,
s dependen{heogvérg Jyls{egrtl]tre&leggmaﬂgn 3¢ Qoﬁ'@& the system functionality is well
understood, and whether the subsystem diagram is truly reﬁresentative 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 consulting domain
experts, such as navigation equipment engineers, regarding the validity of
dependencies, the diagram can be interpreted and ﬁnderstood 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 extemnal 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 intemal dependencies. Further decomposition, for

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




navi gati on 330 subsystens. In the devel opnment of the deconposition shown in
Figure 5, no attention was paid to the structure of dependencies. Rather,
it was nodeled strictly from a "what-really-happens-in-the-real -brjUN2004

. perspective. |If, however, the functions are sinply rearranged on the
diagram it beconmes clear that even the real-world representation of the
system foll ows the subsystem dependency rul es that have begenﬁg&wi t h.
This view OB econposed flight management subsystem 30 I's 1TTustrated
in Figure 6. Merely the fact that the subsystem dependency rule falls out
of the design provides some assurance f#at the nodel is correct. O course,
just as for overall FMS system the hierarchical diagramof the deconposed

fIight manafeimm corveys s easdible kevel otusddistandinge Agun,eaehtofthe sabng a
| ayer ed subsyStem di agram The | ayered subsystem view of the deconposed

flight mana u 1 : bt i diD&ratiorer ed
subsystem ﬁig%%o?ﬁpﬁ?%eggﬁﬁﬂm &gbg?élg %‘Pghggt airp:{ogdI bﬁtg]derst andi ng
of the internal dependencies wthin the ov F | | gure 7,
t he conposiRWPPEEfe B&i&gﬁb@?ﬁ’m"a‘tjﬁ%ﬁﬁt@ﬁ&@ Jﬁﬁg%'} EZ%‘?F é#&g"e'%‘gsr#éos i ng
the flight nmanagenent subsystem 100 into sub- subsystens (310, 320, 330,
340, and 35d the resulbiscshown NEOYIRs®em is architecture. Sinmilar

deconpositions can be performed on the other najor subsystens such that

the conpj ete subipyEigare d, agreepfual dependencies divBng fivecsub-subskstemsd. It is
I nportant to realize that the subsystens within the architecture are never

Lo TSP 8 st At b oppimne can
decomposed flight management subsystem 300, according to our invention. At
this point in the decomposition, the focus is on determining hﬁw 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 resuiting 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 subsysterns. The navigation radio tuning
subsystem 350, on the other hand, is dependent on the flight pianning 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 modeied strictly from

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




domai n | evel |anguage and potential dependencies that reflect the

real -world view of the FM5 11. A | ayered subsystemview of the entire FVMS
11 is shown in Figure 8. Notice that the conplete |ayered subsystﬁ?
architecture shows each of the other nmjor subsystens in their de n-%@@@}
states. In fact, upon further analysis of the FM5 subsystens, it was

di scovered that there is yet, another class of functions, softSlAS an
*aut omat ed WPHMber' | that nust be perforned. Therefore, an

~aut omat ed- cr ewrenber subsystem 360 has been added to our inventive FMS, as
shown in Figure B. The fact that this—alfiomated crewnenber subsystem 360
was added follow ng a subsequent design review of the FMS illustrates that

the positi 0@"@%%@& Rptthe BiRyrane it beadbmbs kiias that @den Hisieal-woRd W t hi n
r

each | ayer can In flUid during devel opnment. As the FMS product |ine
desi gn progresse .he it L e bBpe i rrﬁtéls J¥ers and
subsyst ens mfﬁ?%“téé@h" yé&*%p'fﬁi'\g‘é@%??b%ut tﬁg?e vmc?I e%zéc}él%ational
nodi fications, during i_pnitial FE evel opne for the first, seyer

Speci f1c. ai hepnmet foyedhis VN o i JesamaREC it ariasesih oSSR 300
within a planned FM5 product line, that enbodies our invention is

descri bed bds iustratleddn iFigures Merely dhiefach dhatthe sybsystemrdependepey 88e(at a
very high level), the relationship of that subsystemto the rest of the

subsyst ens Gay qutFtheesign providéd/Someraksurancedthat the modeldps corractd
architectural philosophies of the subsystens. Each subsystem can be

described Tn Drogs dGrE? juh bl iGrANRRAIFIMS ySenh, M4 hierarHical diagranofthe
processing that are a pah of that subsystem The only responsibility of

the operat Ordeicg}n%gs&? ﬁigﬁpﬁn%)/l%gmeﬁpguﬂs%fe% 100 in Figure 6 can be represented

using a layered subsystem diagram. The layered subsystem yiew 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.
Refeming 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 evolves, the change

in subsystems can be inevitable. The architecture, however, must always refiect ¥
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




manage all aircrew 12 interfaces to the FMS. This primarily includes
control display units (CDU) and electronic flight instrunment systens
(EFTS) but can include any other device or systemthat the ai rcreﬂvgl‘ﬁ] C?ﬁ[ﬂ
use to affect the operation of the FM5. While it may seemtrivialy >t gr
are only two parts to operator interface managenent - coll~ecting and

interpreting inputs fromthe aircrew 12 and gathering, fo L ng,. and
presenting 9§ Y nformation for out put to the aircrew 1%@%#@%@%
affect the architecture of the FMS because it is inmportant that the

operator not be concerned with the det+difi-s- regardi ng the underlying
operation. For exanple, when the aircrew nakes an input to the FMS

requesting fpNer BRERYsRPEF fd PN QUBYHAMIER wid 8isehvsralt that tHepé figyBt.
subsystem 100 i s onl'y aware that sorne application function exists to

support th | | | r ' :
output s fr onneer ik St AeRnS bR pLE 8 bn REIFERLT TebEubE, b,
that some applicatjon function is providing data for prese tion to the
ai rcrew 12, petiermed. hEhergiom, apputpma crﬁ"ﬁﬂ?‘?‘i’@éﬁ@%ﬁ’ﬁ@%@ﬁ?%" t hat
data. It may be desirable to deconpose the operator interface subsystem
into a CDUaddedhtacpurimeendive £M3,as shb@rdn fFigure BEAThE factthatdhisautermaledst em as
shown in Figure 8. The nore conplex of these two subsystens contai ned

within the gRNméfnber SlilsyeRar 360NasSaddadiBllowingtd QubiseRuéhtdesigrersisw subs
ystem 110 because of the conplex data entry nethods enployed by a typical

CDU. Thi i i 1S d
'S av%mﬁgm rdtes gﬁt%phsmﬁ%ddmﬁs&c Bt idratdheeat | oar

and sever al unctional meani ng of each button can change
dependi 9. Oling S0nSREAL WA e SH52% card i i UIRAY oblofhdr 2 T8 thé™! N
FMS product line design progresses, the position and ‘number of both
hierarchical layers and subsystems within each layer will solidify, but there will
10 be additiona! modifications, during initial FMS development for the first severai
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

dispiay 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 trivial, there are only two parts to




purpose interface, which entails a | arge nunber of possible entry

conbi nations, can be contrasted agai nst specific purpose interfaces such
as cockpit switches or dials, where there are a limted nunber &9 piog bl e
i nputs. The generic nature of the resultant CDU interface drives the

conpl exity of the CDU nmanagenent subsystem 110 because aircrew 12 data
entry actions and error handling nust be inplenented wthi SaERRgf i C
oper at i onal WeAYAER? . Al t hough the general - pur pose nature o?e:[rﬁle typl cal CDU
makes it difficult to manage, its flexibility makes it a very attractive
man- machi ne interface for the aircrewt2™— Advant ageously, our inventive
architecture will allow the entire operation of the FM5 11, fromthe.

Vi ewpoi Nt Oppbfiffortintérfaol Mmanabementigsliattingoand intespretiey inputs fitone the
underlying applications within the FM5. Because of this, the interfaces to

the under!yLige3PRo! &l bafierinGOMrftaifith, Urid brdsbiifhg aydteninferiusnl fors

within the PVE<Arc ure, well defined and the applications
t hensel ves nust never directly.feference, the j system
100, The. CoBUIREA 4G UIAFCIEt LS T bR Srom e Mihcarsiedbil of M FMSReatd Y= 1
CDU page is a set of information that is displayed at thﬁ%sarre .ti\rﬁ on the
di spl ay sur fitis énpértantdhaiihe cpertornetbe cencemay with hedetalis regarding the o o

CDU page such that there is a set of displayed paraneters and a rel ated set
of optiogs tpderigiahioperatien. ofer example, wien thesaitcrew rhakesoarn inputio ) bezel
will perform Wen an operation is invoked via a bezel button, that

operat i on  tapé Gahlstirfltidt Sforde topeeationn beNierforitieer @he wpeeatbs interfac€DU
scratchpad are usgd t@qconnuni cate the data. These basic concepts of CDU

operation s *}.%BL,S‘stB% 100 is only aware that some application function exists to support

that operation and which input parameters are required. Fo? outputs from the

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 compilex 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 possible inputs. The generic nature

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




provi ded as general - purpose services to all pages defined in the system
thus formng a framework for the managenent of CDU pages. Finally, there
shoul d be no other FMS subsystens that are concerned wth the CDlgdqa§ 'ﬂbﬂ

I nput / out put device. The CDU nmanagenent subsystem 110, cont ai ne V\y |lh
t he operator interface subsystem 100, has the sole responsibility for

i nterpretin Il hputs and converting theminto internal

repr esent atvf:'l‘?)CD‘%J d commands to application functions cont gﬁ@&“ﬁ?ﬁ n

ot her FMS subsystens. Conversely, the CDU nanagenent subsystem 110 has the
responsibility of making service reqtre§§§“'to application functions
contained wthin other FMS subsystens and converting the resultant

i nternal dagubsysRph 430 beshisenairdreivol X datasrtrysadtioab laed fesror handling eisbn on
the CDU display. The input portion of the CDU nmanagenent subsystem 110

provi des thﬁei&@llfwwﬂcﬁ g'tg%lgﬁ% égéraﬁoﬁé‘lt&)rﬁé’iﬂ ection function gathers

the various air | nput s CDU, such as bezel button presses and
scrat chpad i nput A data,validation f Lon e 1. ircrew
13 Tnputs agal noktppeRltse sPBR A ROOSE sie 3 i EREGREE R ALt
context and invokes error-handli ng routines as required. (tngaA gg%??

i nt er pr et at oonanage tts Siexibiliymakes it pavesy pliractive mammacking ftgifaceiarthe ¢

service requests based on a CDU operational context and provides these
servi ce §eqaiesew 12 dfvantagenusiyapor iineritivesarahitédture willaliovs the rentice
general ly inportant that CDU managenent subsystem 110 only
operation of the FMS 11, from the viewpoint of the aircrew 12, to change without
any change to the underlying applications within the FMS. Because of this, the
interfaces to the underlying applications, contained wﬁhin 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 dispiayed 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,




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

di spatched to other FMS subsystens. For exanple, the CDU nmanagenent
subsystem 110 can be responsi ble for convert a text-based input OngU 200
geographic latitude, such as "N35.12.45", into an appropriate in erng
nunerical representation, such as "+35.2125", and then passing this
converted input to other FMS subsystens. In this case, ei DU
managenent %’BHW%’?%m 110, or alternatively, the operator H#@r?ace
subsystem 100, knows that a latitude entry is expected and therefore needs
to recognize the format of a valid | a+ifude entry. Knowing this

i nformation, the operator interface subsystem 100 is able to determ ne the
validity of ohheiridf Mithim OtheS cialrstol Ointstficer lsubSgstemt Mgt r has athe  sole
hunan-readag?e rorm(a text string) into the internal FMS representation of
latitude. This | f.qgﬁﬂi ' abi EhaRotnterial fdatd
required, ofesﬂqqg%gbe&'gf or ©i nmgyeﬁ%%s%yg?%%ggﬁiggqlt general |y does not
make sense for the other FMS subsystens.that .contain appli | ctions,
T aeT1 1 gereseRaeR 899 ComTETE I EPBlicARD TioRias tered MRl EE T
strings to internal forns of representation. Once the entrﬁlhgs een

val i dat ed, FIMS spksystems.i Gopversely. the,6Bikmanagerpen) subsystes A9 h
operation is being requested and invoke the required application
functiong. léspbrsiility af trhaking semite regbest<Chb) appiicatire fitnctiohs yeontained 0
shoul d not be responsible for converting the distance between two

at | tude/ | oggidandiahs Mihsldisso aid Bnvaithg ¢ne! feslarithmiaml idata | on
Instead, the F

subsystem M5 1 hcludes a domain service subsystem 610 t hat

_ cad, "t he FS T rvi ; |
mput s and reoREoaUoR i el shptle IR Botin b QI RPIAET PR e a2
b 110 should b | . he i ' CDU.

The Gperator | nt dhedeRAARRLoONP Koa0 earasemmne Php B IRy e i or ot

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-handiing 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 oniy

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

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

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




FMS conputed data fromthe other FMS subsystens and the subsequent
formatting and presentation of that data such that it can be understood by
t he aircrew 12. For instance, CDU nmanagenent subsystem 110 (orU @gﬁ
other part of the operator interface system 100) should not be pro @imé
aircraft headings and velocities to determ ne w nd speed and direction.

For exanpl gﬁgj cated 'w nd conputation' application feghisaslzatss hi n
t he navi gafwgg"su system 330, could deternm ne wi nd paraneters. in j\ﬁﬁat ever
way it deenms best, and the operator interface subsystem 100 should sinply

use this application function to retri®dew nd parameters. Once data is
retrieved, the operator interface subsystem 100 can be responsible for

converting pépresdrthtio®umhesd %3525 0ahe then phss$ing this fconvermed imput to f or
subsequent presentation on the CDU. There can be occasions where it is

certainly aBﬁ%&Wﬁ@Eﬁb&g{&#ﬁlRHﬁé ghse, eﬂgﬁgié EpR gg@gggﬁ@mmﬁwer form

nore conpl eX processin I nstance, tens may Internally

represent all aircraft. headings with relation .to no er at or
i nterface, ﬂage'@ré’ﬁt?"mesr &\ﬁ %%5"’6%%%1“8’?"“8%{3‘@3%& h@é&ﬁ%@ggg
referenced either to true north or to nmagnetic north. In this cagse, it can
be entirel yeafpisernested and therefore nesdrigieceanize hrdeanatpfiavalid iaude ned by
the operator interface (in addition to keeping track of the current

magnet i cht r eatrgeKnowimmihis irfomsatinhy dive eperabor interfaceisubsystempt@lissabieg t o
that required for display purposes only. There are very few instances

where raw galjaidimide B VaRdiyUbftheerits) 8hd if Gbile! fRecdtiveRome aritryoftosr at i ng
di spl ays. The EFI S managenent subsystem 120 col | ects various data, fromthe
human-readable form (a text string) into the internal FMS representation of
latitude. This level of data manipulation can be acceptable, i‘n 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 internat 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 iatitudefiongitude 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




ot her FM5S subsystens, that is destined for display on the EFTS. The data is
then converted fromFMs internal representations into the formats,.r uiﬂed
by the EFIS and then sent to the EFIS. A typical EFIS can have ﬁévﬁlﬁaﬁﬂﬂ
nodes into which it can be conmanded. Oten, the FM5S will be the entity
that coommands the EFIS into the appropriate node, but may be several ways
for the aircrewto select a desired EFIS node. For instanggraishbfifsgacan be
control pan¥PO§E%¥thes that are read by the FMS or there can be a CDU page
on which the EFI'S node can be sel ected. Regardless of the nethod enpl oyed,
the EFIS subsystem nust provide a ser&lce-that can be used to set the EFIS
node. This service can then be used as required by other subsystens (or,

possi bly, t%ﬁu%ﬁﬁ?% BUPPEEIRE) CDU fiahagémentiutisystenn 1 ¢orEnySttiespartys. The

point is that the EFTS managenent subsystem 120 shoul d not be dependent
upon anot her .EMS sub i@gl%n %gf@ﬁ, SiR9Sh hBadngs, that
can be somﬂﬁmaw e cgggﬁ%ﬁ% sone r(%her FMS subsystem
to the EFIS nmanagenent subsystem 120. 'Th ut put Bbroc i . EFTS
Managenment mmg%@&mpmﬁa@aﬁ?@%ﬂy@‘g’ﬁ"@?’%‘%&%‘f'eve FVS
subsystens contain application functions that are used to collect FM5
data, such awintllcoghputdtioncapplicationefunstion avithin theoRavigation gubsystem R0,
reformatted as required for conmunication with the EFIS. Finally, the

servi ces s0f doliRl QEtEnmiRNwindrpanineens i witieternwa Gt deems sastt andthasni t
the data to the EFIS. Wth respect to the overall function of the FM5, the

of the. VB CHB O L S O e o out put s are
communi cat ed o Lhe, o Lrahdield 2 GAGL Yakd I VBRVEEN thé TpieRdr Ghtctfaded r ect
subsystem 100 can be responsible for converting internal representations to text
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 complex processing. For instance,
other FMS subsystems may intemally represent all aircraft headings with relation
to trie 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/magnetic conversion to be
performed by the operator interface (in addition to keeping track of the cumrent
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 soleiy for the purpose of generating dispiays.
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




in the cockpit. This detail, however, does not preclude view ng of the

data-1ink nmanagenent subsystem 210 in the sane |ight as CDU Managenent or
EFI S Managenent. Just as the CDU Managenent subsystem 802 is brée onla/
subsystem aware of the presence of a CDU, the data-I|ink nanagenen JUN 2004
subsystem 210 is the only FM5 subsystemthat is aware of the presence of a

data-1ink. The data-link nmanagenent subsystem 210 will interpret a nessage
fromthe dwmeld2M3 and convert this message into a servi ce"?EfH o an

application function contained within another FMS subsystem However, the
ot her FM5 subsystens have no idea ofipe-source of these data requests.
They could just as easily be comng fromthe CDU nanagenent subsystem 110.

The isolatian, of the -1i.nk . C ' ' | 0. t he
desi gn and W@PM?@@?%%*@’F"P%@ %\Hp%%ﬁlc@ |11Il§;e;ﬂ1 mﬂg.{?t%hﬁ{%ﬁe% entity
in the FMS needs to be aware of the data-Lipk per se, other EMS subsystens
that resi ddhaizhiS intedha aparaprigle MeAE gRMERAY E@&BQ?@! W%UQG?@HFRW Eonow of
its existence and can use that know edge as required. Generally, aircrews

12 do not amlectc desiresdifSavoderaf orinstancgtherican be contivlipangl swiches ¢ he
flight plan. Since the aircrew 12 has ultinmate responsibility for the safe

operati on Ghat A ekl Hyahé FMS of fhere 6awbe @ GBVpddecor whith the &FISegedeli ng any

commands that can afféct their flight trajectory. Therefore, when an

S0 12, P, NSRS B ST BB e S sy o
subsystem 140 I tiad So&ict Bt 281 Be'usdd (S BOARSTERIL MRS YT Terdde Lah co! ! ect

then be used as required by other subsystems (or, possibly, the same

subsystem) to effect a change on the EFIS displays. The poi-nt 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 reformatied .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 application 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 preciude viewing of the data-link

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




the pertinent information- It can be inportant to renenber, though, that
only those details of the data-link nanagenent subsystem 210 that can be
inportant to hi gher subsystems should be exported. For instancel %N be
appropriate to export services that can indicate whether an uplink is
pendi ng .and al so indicate what type of data can be uplinked. It may not be

appropriate to export services that interpret raw nessage pggh@ofizeishat
communi cat Q%A he external data-1ink conputer. Continuing with the view

of the data-link as a renote user, in regal world terns, the user on the
other end of the data-link is probabliy< human. In the CDU nanagenent
subsystem 110, data can be converted to and froma form that can be
under st ood Rparidaemiener , Justcs e £DdxManagement sibsysiem 802 is dRet@DlY user on
the other end of the data link is probably a human, in the context of the

FMS, it can FMRe pleYBhEd adfea SCDUNahd adiataHinkk mumaggeventt
subsystem ngbgﬁtés}ﬁs% alral y ?o‘w’?he CDU managenent subsystem 110 with

t toth : il | t d
rom o f o sbReEZ oS HRRAp NS ARG Rl Fafaior e isendibie © 00
b hi ne. The bott | i i t t t. | [
of "t he dat adataink rEMRGRRCHK AERgeERt SVRER A10 Wil FuRRtA FisRls. "

exactly as either of the two subsystens in the operator interface |ayer.
Al the det #idns thegmtaliling aride convart itbisl measags e & Berviee Jeaussiciosaky
internally to the subsystem Operations requested over the data-link
shoul d be copysREAtRM fuRtRimadntiined witisineriotiedr FyBlsubsystem. s bloweyer.rtBguest s
that are required to performthat operation.

other FMS subsystems have no idea of the source of these data requests. They

could just as easily be coming from the CDU management suﬁsystern 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

s such as modification of the flight plan. Since the aircrew 12 has ultimate
responsibility for the safe operation of the éircraft 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. 1t 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 appropnate




Therefore, given the sanme operation commanded via the data-link as would be
commanded via the CDU, the exact sane application service requests would be
i nvoked. The input processing required for the data-Iink nanaafgﬁgﬁ 2004
subsystem 210 conprises collecting transm ssion requests (uplin

downlink) fromthe data-link equipnment and al so collecting of uplink data
fromthe data-link equipnment. The collected data is then j;Rvoke
applicati oW QYA Ees to acconplish the appropriate request. ditronally,
this subsystemreceives inputs from higher subsystens in the FM5S such as
operator node settings, fromthe oper€tor interface subsystem 100, or
requests that are commanded fromthe CDU nanagenent subsystem 110. The

out puts of 4 pBatservicek thanegeimdicateuwhythiee mn2aplinkoisppersting @nidnalsd| y
nmessages to the data-link equipnent. Data to be downlinked can be first

R T e g

formatted an I nk "'equi pnent using t

managenent sybsystem 510.. The fl i ght n ' eneral ly
(espons bl 86PReS gt BLSPEst oW grer 48 1508 O LR Bp i UgRtg AF 8 Sxdemal T
deal with the actual flight of the aircraft 13. These capabilities are
general |y fdatedinlogemputer. used to be performed by a nember of the aircrew,
but that are now automated by the FM5 11 or new functions that assist a
crewnenger in padntinumypwitio thehwiewhafithe daka-iinkras atremiotea usemh itstaal Womldt | ons
that are perfornmed by the FM5 11 are, not surprisingly, alnpst one to one
with the crgnieRESepBnaht Hiheradndbf tieaddtatidk is probably a human. in the
CDU management subsystem 110, data can be converted to and from a form
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
10 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 aiso 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 shouid be processed intemally 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-iink as would be

commanded via the CDU, the exact same application service requests would be

invoked.




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 aircraft along its desired path - this corresponds to the(dujighaHitie
subsystem 310. b) The flight engineer nonitors aircraft performance and
predicts aircraft situation along the flight path - this corresponds to
the flight enginegering subsystem 320. c) The navi gator depefikepag48urrent
position aMP W3 of the aircraft - this corresponds to the navigation
subsystem 330. The exi stence of the automated-crewrenber subsystem 360 can
be necessitated by the fact that t he—BfB—has sone capabilities that relate
two sets of data that are otherw se unrel ated. These types of functions

are best illustTrd ﬁﬂ)wﬁrdt@sﬁing(raqhi'reﬂ for tioe datasiinkemaniagerhéft subsystess t he
aircrew operator 12 with the capability to nanage a set of custom

vaypoi nts t Bk Brprgky E&Ifé."'lih% 1Sk S5 rdqleSBE(BARIRBAS BowiRAIGRITR e

subsystem 4 alrcrew operator 12 can define a custom waypoint via

can al so’ oIty BaUPIAAA gt (HoBRc of ik dffe FRCKIE, gt Pe =t

cust om waypoi nt can be USEdc@linSt as any other entjty t Ff?g. def i nes a
position, equipméntg The eallected data e thenousrd to invaxe apglitdtionAPYIEES Qssune
that a flight ptan has been entered and one of the legs is defined using a
cust om way pattsmpliEhdhe apprepaaterrequestd ddidiiopally this subsystee recgiMesirPutay poi nt
fromthe database. FMS systemrequirenents, however, do not allow
from higher subsystemns in the FMS such as operator mode settings, from the
operator interface subsystem 100, or requests that are commanded from the
CDU management subsystem 110.
The outputs of the data-link management subsystem 210 comprise
10 primarily messages to the data-iink equipment. Data to be downlinked can be
first collected from the application functions within other FMS subsystems, then
formatied and sent to the data-link equipment using the equipment managerent
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




the deletion of a customwaypoint if it is part of a flight plan. If this
requirement is inplenented sinply by having the custom waypoi nt
processing, in the database nanagenent subsystem 400, check the fqgém 2004
pl an, the subsystem dependency rule will be broken. Further anal ysis of
this requirenent, however, wll reveal that this can be a higher-|evel

zystem requyj Oe‘g‘é‘gJ,” The systemcould surely be defined to gfGygoks8as
peration t0 0 . Certainly, the custom waypoint processing does not
have any problem del eting a customwaypgjnt at any tinme. Therefore, the
proper way to inplenent this require Bcan be to pl ace a custom

"waypoi nt delete' application function within an automated- crewnenber
subsyst em 360 t hat i desitsdpathot thist dorretpoats éetheeguidanensubEysteraddOf | i ght

pl anni ng 340 subsystens. This is a pretty specific exanple in the schene of

the entire FMS gl Clthbeibhi @ngiHaF Smakifors MINSHR perfirifines adtrbiprédittes t hat
fall into this geheral category. In fact, the auto-tuning function for the

navi gation radi os could Rhe. L@'i | fd Jom3 |%rl1_ I gt i N
the aut omat ed- cr ewnrefffEP %H% ?!eorﬂgggﬁﬁgpgg?afu{r}l{é{l@%n ugéggﬁ{er@;g vti ces of
t he navigation 330, flight  planning 340, and dat abase managenent 400
subsyst ens to,accorrp?f’gwe&"ﬁ%lsé'bﬁﬁ?%l“e?@ -hi gher-1evel function. The

navi gation tuning subsystem 350 is broken out, as a separate subsystem
only because of ids Jhermavigatordetasnimesiasinent position ipadsiate Af thepicaaiy
because of its conplexity. The inputs to this subsystemare really varied.
The nost inportant agpieebrbopdids fothetravigatioh subsgsteay33®m 801 is that the

i nputs cone fromtwo or
The existence of the automated-crewmember subsystem 360 can be
necessitated by the fact that the FMS has some capabilities tﬁat refate 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 deiete 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 ptan. If this requirement
is implemented simply by having the custom waypoint processing, in the

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




nore | ower subsystens. If a particular capability of this subsystem
requires inputs fromonly one | ower subsystem then the capability should
probably be inplenented in that |ower subsystem As with the inSdk diN 20pe
outputs of this subsystemare wi dely varied and dependent on the higher
| evel function being inplenented. In the avail able | egacy systens, this
subsystemis virtually non-existent. |In fact, the absencep®fpéddhsars
subsysten1@ﬁhmﬁgﬂﬁne of the primary causes of the inplenentation
conplexity found in those systens. In fact, in the custom waypoi nt exanple
gi ven above, the |egacy FMS systens TT®f emented an equival ent function by
sinply maki ng a dat abase nanagenent function dependent upon a flight

pl anni ng f in@BncyVHlié Wil e bivkenaRurther aadlysie peihiterequireyent, howevsber  of
t hese types hi gher-1evel functions, inplenmented in a typical FMs and

f
th | exi . Vi I | \ dt h
"o =Sk 8 g e syt

devel opnent er “subsystem 360 is to identify those

functions that belo tq the class of hi. - el ' (debrian t he
exi sting sysrelysb é}%@ead@n?'l'qvl’ 365“ F’Pe'?é'ﬁﬁgtrg 2 Y1 ycéHQWt’?Qré 0 éh}rsr'rgvi ng the
function fromwhere it is currently irrple_rrenteéi I nto the . _

aut omat ed- cwaypnintrocessing dees-natdmversnyRIOPIEE d¢ieting,a csiom wareeat ¢ ¢ al
dependencies fromthe original subsystemare elimnated The navigation

radi o tuni ngnyptiey STirretd) thaproperewaywo tnplemant thisireauirgment capdie to; e
subsystem can provide a general set of services to tune each of the

on- boar d nayigat] elsioRfl Waysfiai d&iete’ application! fudction iwithirangautoorated-ds
(navai d), that are located at predeterm ned geographic positions. Second,
the crewmember subsystem 360 that is above both the database management 400
and flight ptanning 340 subsystems.
This is a pretty specific example in the scheme of the entire FMS
10 architecture. There are, however, other capabilities that fail 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 s 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




subsystem can provide a function that determ nes an optinum set of radio
navai ds to which the receivers should be tuned. By using these two

navi gation radio tuning subsystem 350 functions, the navigatio @W{@;em
330 is able to conpute a very accurate aircraft position. By acco i ng
this function in an aut omat ed fashion, the navigation radio tuning 350
and navigation 330 subsystens can work together to-relieve the aircrew 12
of both ra¥@#@9%i d deternination and radi o tuning tasks PCFASWEI¢

radi o tuning services provided by the navigation radio tuning 5 subsystem
350 are designed for use by any ot he—PBBB—subsystem that has a requirenent
to tune the navigation radios. It is reasonable to ask: "VWhy cannot a

pi | ot jUStOPE@&mmh ﬁé?%\?é]%ﬁctfyr{]%flé{ng?@g\é}ﬁéd.have to go through

this set Vi ces? answer st navigation radio to be

useful, it nust be tuned.tpo a navaid ase posi.tian o he ear l,S known.
i a havi gati on 1Pl gVRLALE faglr aRtets, 415 SBadRemds vl Ao aXstas
information is useless. Therefore, the set of services provided by the
navi gati on imtich the ebsgnerokthisisubsysienean be ong of the pamast eayreseftM radi o
navaid (nore specifically, the position of the navaid) associated wth the
desired t urimpderapatativhocomgiexity foured im thesti systemisd Irbéadtyire theisiustpma navai d
identifier, in which case, the operation can be easy. Wen tuning via just

a frequencyy W 8kamblRe ghRhVak&Ve, k! leg8ay FMEhsystdths Ginpletagntedsan ocat ed
geogr aphi cal"fI near the current aircraft positionfor a navaid that has

{1 OLVET ERIMBREY bl LRI R Saih, HRRI ek, 2, o

radio, If aggﬁendent upon a fiight planning function. Multiply that artificial dependency by
the number of these types of higher-level functions, impleménted 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 iocated 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




wi Il not be generally useful in determning a radio position. The

navi gation radi o tuni ng subsystem 350 al so provides a function to
automatically select the particular navaids to which the radi os sduliN 184
tuned that will result in the best position conputation given the
avai l abl e navaids. This auto-tuning function is designed to execute

W thout aircrew 12 intervention. VWWhenever the navigati B6oRs43" €
tuned manudYP 42§93, | nput provided by upper subsystens, the navigation
radi o subsystem 350 attenpts to correlate the tuning request with a radio
navai d that geographically |ocated nea9t+re current aircraft position. The
radi o navai d geographic position information is gathered fromthe database
management gubsyStb8 Madhidn, MheNnavigatioi @adibutiinivy f3560C tandn nasigation va3d t he
navi gation radi o tuni ng subsystem 350 periodically searches for a better

set of navaldso)elicoh ddik Bauhapld Rliel8theSithan g diboth Uadid ndvait s

required f ofY uning Tunction rnclude a list of navaids from the
navi gati on dat abase, 403 and.the. current aircraft position fromthe

navi gati on Setapinationans %‘U&E@ﬁ?ﬁ% of the aircraft position provided to
the navigation radio tuning subsystem 350 deterni nes whether .the subsystem
wi Il sel ect thos@hersetaf wdia tupingservices prpvided by thae payigatgn @dio fulipg
position cal cul ati on. The outputs of the navigation radio tuni ngi_' subsystem
350 are si Nplipsystéeli 350 arei desigreninion dse biyanygatheoF Miesuhsystea that hagda os,

whi ch are nodeled in the equi pmrent managenent subsystem 510. It is

i mpor tant  t god NRniies ki the Havighfion Rifios) Ot Rifeasorbis ksaskn Wy tamett he
navi gation radios I n the equi pment rmanagenent subsystem 510 directly. Both
existing ml] Sifdt Yus?ﬂﬂiqum(lfbh%n R SR Snd AdEhdva'tb g@ithRilghaflistset

of services?” The answer is that, for a navigation radio to be useful, it must be

tuned fo 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 aiso provides a function to

automatically select the particutar navaids to which the radios shouid 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.




tuning functions. Commercial aircraft typically have very high frequency
omi - direction radio (VOR) receivers and a scanni ng di stance neasuri n%
equi pment (DMVE) transceivers. Mlitary aircraft typically have WBRUN 200
receivers and tactical air navigation (TACAN) transceivers. The vertical
gui dance subsystem 312 contains other high-1level functions of the FMB.
Its purpose is to provide commands that wll cause the aircraft 13 to

mai ntai n arWVORLE¥ed vertical flight-path. These conmands ESHUYSRY M Esever al
forms such as clinb/descend cues or control surface deflections. Regardless
of the output form the details of ver@@cal guidance should remain
invisible to wusers of the subsystem It is desirable that the vertical

gui dance subsyst -ha. - ' L Jad Ll
functional i rrpacwntegﬁét%ﬁ'zmrgglrfﬁl gﬁ%ﬁfb}éﬁ%ﬁ%@%{@nﬁtﬂlﬁgg 'ﬁy@gpgﬁé@peci fic
aircraft do not use the fungtions contained, w.thi hi s suggﬁatﬁg It is

expect ed t hBY URPRISUbsSHEieH:S. 2vigation radio subsyFiEMLYn{l ARRIPPlS em 320,

so it can be acceptable to be able to renove the flight engineering 320
and vert i cathegtuninghtequest withoe yadienpavaid eth@tageagranalca&v focated geptihRe

subsystem 312 shoul d be designed such that it is able to conpute steering
commands bageglent diiraft positiba. ditie tadie naehidt gebgrapiiio pasitiooninfoomatiachs | eg i n
an aircraft flight plan. It should have no know edge of conplex structures

or pattegnsghfated fBnd the'askhbAYE MgnddimERNaitisysid 200l Wien fhel afto- pl an.

The vertlca? gui dance subsystem 312 gathers thé 1 ntended vertical

traj ectory hoidd Binhib Hdivb! RE dayalibh Hiio RhriiAG slBsyiin S0 PRrddRafy d  he
searches for a better set of navaids to which the navigation radios shoutd be
tuned. Inputs required for the auto-tuning function include a Iiﬁt of navaids 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. It 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




aircraft-state vector fromthe navigation subsystem 330. The flight

engi neering subsystem 320 will provide sone data that wll act as
constraints on the operation of vertical guidance subsystem 3120 3T 2004
vertical guidance subsystem 312 can be responsible for gathering these
constraints, such as maxinumclinb rate, fromthe flight engineering

subsyst em 320. The primary out put of the vertical guida stem 312
is a set of WOOYMMhds that will cause the aircraft 13 to fgﬁfm.% tEe

i ntended vertical trajectory. The vertical guidance subsystem 312 can
provi de these commands in the form of ¥beed and altitude targets or in the
formof pitch commands, depending on what is required by a specific

aircraft auppgid PMS. Itis pupess is iprevidaajonihandeihiat adll caugeitdeatreraftiBy st em
312 shoul d be capabl e of producing both forns so that it nay be reused in

several SPEg) i’ ifehabiRERical fiShfith! Ghesd LoRfiitis/caltel iABeverb? W | |

al so out put are capa riving an autothrottle 1 n case
one is installed on the host aircraft. The | ateral i dance m 311
cont ai ns ané‘?rﬁéﬁsuﬁ‘ta%g@hq’@eﬁ?@ﬂfcﬂ’%g W’ﬁﬁﬂﬂ-‘gﬁg‘-‘ 8&“‘?‘%‘8"% .elé%f Ig%)sﬁr pose
Is to provide commands that will cause the aircraft to maintajn, an

i nt ended | aofthe otitpuffiempdhe detils ebyertisalouidance ghould frerRaeipusiig torg

including turn left/right cues or control surface deflections. Regardl ess
of the oyt puisefssfithetsabsyitémi | s of |ateral gui dance shoul d remain
invisible to users of the subsystem The |ateral guidance subsystem 311

shoul d be desi gn@dsSHEIrdbRA hatt theStETcH §aEhES Subbstémi g2 ghonldl Bgs with
no regard to their source. The |ateral guidance subsystem 311 should treat

legs that arrgmg%ﬁglﬁlo\‘n R#.-' ll-‘htlls%iﬁFHiﬁ‘:rrfarl]ﬁmcﬁonal impact to the remainder of the

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 fiight plan. It should have no knowledge

15 of complex structures or pattems that can be used during the construction of the
fiight 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 subsystern 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.




sane as those that are part of a conplex structure such as a standard

I nstrunent departure (SID), standard termnal arrival (STAR), or holding
pattern. The |ateral guidance subsystem 311 only requires the p@8autiers
of the current leg and the next two legs in the flight plan. The | ateral
gui dance subsystem 311 gets navigation data directly fromthe navigation
subsystem 3 onput es gui dance commands to fol | ow ddygyd ed

| ateral fl igﬁto?}ag?% The | ateral gui dance subsystem 311 gat hersgota%%‘%l
intended |l ateral trajectory of the aircraft fromthe flight planning
subsystem 340 and the current ai rcraft3Ztate vector fromthe navi gation
subsystem 330. The flight engi neering subsystem 320 can provi de sone data
that acts as con¥hegrimhary outpiteofdhe nerticah guidanta subsystem 3 tRiisiarsed of
subsystem 311. The | ateral gui dance subsystem 311 is responsible for

gat hering t p§senArs thatuiill bauseShe hidii o T IBW Hinfindk8 vefticAMrajbB@ny. | | ght

engi neeri ng subsystem 320. The prinary output of the |ateral guidance
he & ror af thesverged Ghnop RUBYHE 04 Atapie i Snat i by ©2<e
i Tcrart ot enABAR AN RIS Braerar e 197 fauioh FRIGTRTHR SRR A BB e
in the past. (a) A weight and bal ance function nonitors and conputes act ual
and 15 pr edihat edreguited diyta specifioaiscraliaytopilohditde desirable thatdhetverticad) . (b)
A V-speed function conputes a set of aircraft performance airspeeds, such
as mni num pidncaisubsRRem PEssisbul be wapable of producing both forms so that it
may be reused in several specific aircraft types. The vertical guidance function
312 will also output commands that are capable of driving an éutothrotlle in case
one is instalied on the host aircraft.
10 The lateral guidance subsystem 311 contains another set of the high-
level functions of the FMS. Its 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.
Regardiess of the output form, the details of laterai 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 complex structure such as a standard
20 instrument departure (SID), standard terminal arrival (STAR), or holding pattem.

The lateral guidance subsystemn 311 only requires the parameters of the curmrent

ieg 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




conditions. (c) Aflight information function conputes and predicts various
paraneters at each point along the flight plan, such as estimated tine of
arrival (ETA), fuel consunption, and fuel remaining. The flight eddi HheMiing
subsystem 320 resides in one of the uppernost hi erarchi cal | ayers,
within the FM5 architecture and uses services from subsystens residing in
| ower hierarchical layers to performits duties. Mst of t L4-NNB
used by th&Q8F48¥s functions, within the flight engineeriﬁ§n§%@§$§%en1320,
remain the sanme regardl ess of the specific aircraft type for which they
are being perforned. The flight engiﬂE%@Pﬂg subsystem 320 is designed so
that aircraft specific data, for exanple paraneters used to calculate

di stance r egyissk ésthrianlds &b foliowathelintehded daterah flghépathnt er nal dat abase,
wi t hout redquiring nodification of the operational software. The data from

the perfor ”ancerl?é‘tlétg?aeaﬂﬁ%nee%&ﬁy%hh%m dJathdrBetnel irfgbhdexhdiansal i ng

subsystem 320 by accessing services provided by the database nanagenent
subsystem 400.. Because.of e i - B¥nd BErrbht ght
engi neer i ngtragggiggyg%ﬁ,agff@é Fﬂ'@\{ﬁ%ﬂmp 6""5'?%&?%33%{58&@ emggr e wdely vari ed.
Many of the functions require paraneters, that typi I rovided by an
oper at or. TgipireBistate yeetor frag) thenayigalies sé'ﬁ‘ﬁﬁ%ﬁ@a@osﬁ%@g 'h%l'?d?'}%?%rgqeuel
wei ght, and outside air tenperature. These types of input val ues are used
to perf o m aEsyetenoB20 san provide sarhe diata thahagts asgeastaintsrn heRefBlidnt a
(TOLD) paraneters. Certain conplex functions that are perfornmed by flight
engi neer i NgoFinRINIBHA Juides sabsystemn 311. The lateral guidance subsystem 311 1s

responsible for gathering these constraints, such as maximum bank angle, from

the flight engineering subsystem 320. The primary output of the lateral guidance

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




calculation of a top of clinb point, require know edge of the flight plan
and the current state of the aircraft. The flight engineering subsystem 320
gathers these inputs fromlower |ayer subsystenms of the FM5 as §équnngd-
The performance database 402 provides inputs generally required by the
flight engineering subsystem 320. Two categories of outputs are
provided by the flight engineering subsystem 320.. The firs at egaory
i ncl udes caV@M4%Pdn results, such as TOLD, that are made %%gﬁ to

hi gher subsystenms. The other category includes calculation results, where
these results are inserted into the fi3dht plan, such as the cal cul ati on of
ETA at every renmai ning waypoint. These results are inserted into the

f1ight planpidpaBichfayeRs Y Within thet MG ldréfiitechh@n BhAJused Wepiicss Ittt
Aircraft navigation can be described sinply using the phrase, "Were am

o ise, VRS rosifb i Rl AP EER i 3 pER R BB O 1

pur pose of the navigation subsystem 330. Using avail abl e navi gati on

sensors, the navigst bPthe sigesitHthe tiséd bydecvaridigsiunations, Iwitrih the fajhe
vector, that includes three- dinensional geographic position and aircraft

| ateral and 9 5% I Ad , i ﬁ?&?' had, i ingafti reraft
state vect o?ﬂ@g%ﬁ‘?c u é’% ﬁgﬁggbﬁﬁﬁggﬁ%ﬁ?\gﬁégaet 0 (git%%%ﬁcp%]m tion,
attitude, hgading,. c se i r.spee [ ou d. wnds. verti peed,
attitudes, 8P HRCRdbeCar G BB TarThe, 2 BEFE Aol sitRbler 3205 c
vector is nade to all other FMS subsystens and their associated functions
i n accor danisedosigned he g Ajcrafhsgepiisdatay foryexample parameters used to

calculate distance required for takeoff, can be loaded into an i_ntemal database,
without requiﬁﬁg modification of the operational sofiware. 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 fiight 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 vaiues are used to perform operations such
as catculation of takeoff and janding 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.




For each of the data quantities within the navigation subsystem 330, there
can be several possible units of neasure. For instance, position could be
provi ded i n degrees/ m nutes/seconds, such as earth |atitude and Hp 'm pe,
or in radians and headi ng could be provided with respect to eipheﬁﬂ{ g or
magnetic north. The overall FMS design phil osophy is to provide internal
data in a single neasurenent system such as the netric s é% to
provi de corWePy#ms routines to allow the use of other unrts, such as
nautical mles (nm. The navigati on subsystem 330 can be capabl e of
generating the aircraft- state vector-@3i-rg several different navigation
solutions; the actual solutions provided for a particular aircraft depend

upon the suite O*rwlaa&é@%heg' SCBafits 418! pRitisdnByalteedign édgihesfingr af i
(0]

The sensor suite can cC rrse such equi pnent as navigation radio, inertial

i gati t I ol | | L Lo dl
of ' he sensSHPRPABAAD, TR I Y AU PARRIT S Tls, sdRlas TR00! °1 255
Ahove. The Aishajamade SWRAAR ST SR TEon TG AU ey dpuded

suppl enent a sensor that does not provide the entire set of parameters. In
addition, t kalcomtibgaesults, wherytheseneattscue inseded intadne §ight plan; sush a3
algorithnms to refine or augnment the raw sensor outputs. Regardl ess of the

met hods ySeghe chibfiatiey bIETAGR evshsHiaiting daypbioti| Thése msults ate indededh t hat
no other FM5 subsystemhas visibility into the conputational nethods used

to determ n%sgge ﬂ@igi ﬁ%‘wéje‘-‘{"iﬁﬁ ﬂ{eesé/rgﬁ:% E,f tHe MghtPISANIAG sBbsydiemBu0.gat i on

subsystem 3 n m ne navigation Sensors to use in
generating the aircraft-state vector, based on
Aircraft navigation can be described simply using the phrase, “Where am

1?", as contrasted 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 subsystemn 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




aircrew 12 selection. The aircrew 12 has the ability to desel ect navigation
sensors through the operator interface subsystem 100. The navi gation
subsystem 330 determ nes the sensor or conbination of sensors thgtG yuN 1004
provi de the nost accurate aircraft-state vector. During nornal operation,

t he navi gation subsystem 330 generates the aircraft-state vector based on

either a WH%H‘#:PI’ an automatically sel ected navi gat | @grAfkeEHazset .
The aircraft-state vector can be popul ated by either acquiring data

directly fromsensors such as a GPS reggi ver, or by conputation, such as
by using range and bearing informationvrroma TACAN. Mnimally, the

navi gation subsystemw || provide aircraft-state vector using the GPS,

I NS, and navugass tonaliowl thesugeisf otheeunits suoh as mauticalenites/aings) . The
aircraft-state vector can be derived by blending information fromtwo or

nore navigation sensors. During sijul ated aircraff operatign, .such as in
an aircraft flidghe @VWS’B&P{’W%“% AL A r§§@g ﬁ%@'(%{? s the
aircraft-state vector paraneters based upon sinul ation commands. Once the
navi gat i on statesyecterrusisQ severaldifierent aavigatomselitians. theaactuakselytions ¢
serves as the navigation interface to the other FMS subsystens residing at

the same orphiabgforta ﬁamtmhfsiniraﬁaapem updrhihe sulté ef Radgatiorisensotsuthat
Functions in the flight planning subsystem 340 are responsible for

The 111 ght o] B g T A e’
destinat | o ASiSic el fallgaibh PR, 1685 ol RatpBHiofinb syl P! an
(GPS). Regardless of the sensor(s) used to determine the airpraft—state vector,
the navigation subsystem 330 must provide the basic parameters enumerated
above. The navigation subsystem 330 can use complementary sensors to
i0 supplement a sensor that does not provide the entire set of parameters. In
addition, the navigation subsysiem 330 can use blending or fitering algorithms
to refine or augment the raw sensor outputs. Regardiess of the methods used,
the navigation subsystem 330 shouid 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




bet ween two waypoi nts. Legs can be entered into the flight plan sinply by
speci fying waypoints. In addition, conplex, predefined sequences of | egs,
such as SID, STAR and hol ding patterns can be entered into the 3 Ughfidpl an
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 ARI NC | ncorpgqr
Speci al i zedWAO4EMy f|ight patterns not addr essed by ARF%@%@% ds,

such as aerial refueling and airdrops, can be standardized within the FM5
product line. The aircraft flight plen3anr be critical to the operation of
the aircraft and several FMs subsystens nay require access to the flight

plan. It isqjlong brdetd Theé GlirBrafiOdtaicSt@ibr 6aRbeOpopililated by lithel an i s
mai nt ai ned Pé?‘agﬁ)ﬁ%g%s oft t-ﬁi s data. Therefore, ot e'% subsygtems wi thin

the FMB requiri.n e e fli r n@ﬁsfa rvices
provi ded byaf:ﬂ‘@"%!’aéﬁt&%cﬁﬁﬁigﬁgsegagg{%{cg%sad\;ﬁg‘.ésl{eﬁg'gg'ag?wgba ol d possible
contention anongst flight planning suhsystem 340 cla,i ts, requests for

flight pl anSﬁﬂdﬁﬁihyéﬁ%@"ﬂﬁéqgrwngi'ﬁéﬂnéw %ETEU% A%%li function of the

flight planning subsystem 340 is to process inconmng requests to either

add or_del ete T !igithal i MvidaoRRMbIpktdr MillHHiRSRAMLBI Vedtbr udiig Sti NG

| egs. These reques oma vari ety of sources, I ncluding

external sourc sych as.the ajrcrew 12 and data-|ink erat wel | as
other FRB §%§\j’§iﬂg a?ﬂé‘?&'gﬁt‘ ué‘#,gs AN PEN Vet Wﬁpeang\’%ﬁgyargﬁ%nd
consi stent manner by the flight planning subsystem 340 {e ardl ess of the
source. The airgtafpstatenvegionsamhbe desived by ibiending infematiqnired MROLTIES whet her

it was instigated by the crew or by another FMS subsystem such as the
flight engi magigatign sendmrgst em 320.

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 ptan. 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 ptan using a
single entry or a set of definition criteria. The rules for building the flight plan

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

released by ARINC Incorporated. Specialized military fiight patterns not




The flight planning subsystem 340 contains functions that allow other FMS

subsystens to access information fromthe flight plan. Al ot heregsﬁﬂfzgmterrs
within the FM5 nust use the flight planning subsystem 340 in org r

obtain flight plan data. Wen certain conponents of |leg data are nodified,
the flight planning subsystem 340 indicates, to other FMS subsystens, that
t he flight pl has been nodified that these nodificati R348 t her
be accepte Q)?”‘&%qet ed. In prior art FMS systens, functionga?hat gr‘%
equivalent to the flight planning subégstem 340 and the aircraft guidance
subsystem 310 have been tightly coupteé® Wwhich nade flight plan rel ated
changes unnecessarily conplex and time-consum ng. Advantageously, in our

i nventive |zideessddbARINEstamdarts techasaeidl eefueficg and ajdrefncandghbsyst em
310 depends upon the flight planning subsystem 340, which has absolutely

no know edqg,darki?ed ik 8id FVEbanegifbsystem 310, as it resides in a
hi gher hierarchical |ayer. The purpose of the aircraft guidance subsystem

310 is to guide the aircraft flight trajectory by producing steering
conmands and t arfhet sircrafiifiight phan gan e saticdl to tke opétaginn of the airergftanssy st em
340 is to maintain a list of flight plan legs. This disciplined separation

of concer N4 IFMTBKBsYStEMcIMAY PRl Eitets 6 thdflighf plaghtlt islimpoitagt .
subsystem 340 nuch sinpler and l'ess tine-consum ng then such changes woul d

have been t l.or P of ' o 1] Phigoncerns
e atriay yRabhaRlaibanddBatyan i iine it on iSRSt o o0
or aircraft guidance 310, subsystens shoul 1 Ni wpht pl an
rel ated en eﬁgﬁ{ezﬂﬁ%m?aéu &P3 'rb%'gg'ﬁgg‘ir 'gm"g abB8 b He ight

plan must use only those services provided by the flight pianning subsystem

340. In order to avoid possible contention amongst flight pianning 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 regardiess 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 ptan data. When certain components of leg data are modified,

the fiight planning subsystem 340 indicates, to other FMS subsystems, that the




flight patterns such as the previously nentioned mlitary aerial refueling
and airdrop patterns. In the case of nmany of these specialized patterns, it
may be desirable to install the new functionality in the 09 JUN 2004

aut omat ed- cr ewrenber subsystem 360, which has know edge of the entire FNS.
Addi ng new functionality to the autornated-crewnenber subsystem 360 w ||
not affect ot her exi sting core FM5 subsystens, thereby mcphihdi si de
ef fects anavquﬁ?’ﬁed regression testing. The navigation da’?ggase s%%system
403 is primarily responsible for rranaggrrent of a worl dw de navi gation

dat abase. Cenerally, in the context Of<diTcraft operations, when one
references the 'database', the reference is actually being nade to this
wor | dwi de rfiighitgtn has betabaadified that ¢hesemodifieatibnotiust eithrtbebacoeptachat are
i mportant to the overall functioning of the FM5. These include the

communi cati%}qﬁ, ghjabase subsystem 401 and the perfornmance database
subsystem 402. The communi cati ons dat abase subsystem 401 primarily contains
functions to access frequency |ists used during conmunications radio

tuni ng. The per fiarpriorcart FM 3 ysterssib Sypcionsatmt arerequivalentutactheofight o
access information regarding the characteristics of the airfrane and

engi nes f orpiangingGubkgstait 84@bhd!thie aircidfegidahea subsysterhaidsikaviaibsgrst em 403
is responsible for retrieving data fromthe worl dw de navi gati on dat abase
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architecture, the aircraft guidance subsystem 310 depends upon the flight
planning subsystem 340, which has absolutely no knowledge of the aircraft
guidance subsystem 310, as it resides in a higher hierarchical layer. The
10 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 concemns shouid make future enhancements to the
flight planning subsystem 340 much simpler and less time-consuming then such
15 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 shouid be minimal.

Expected flight plan related enhancements include additional specialized

fiight patterns such as the previously mentioned military aerial refueling and

20 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




function can be provided to retrieve a list of the navaids within fifty
(50) nautical mles of a given position. In other exanples, the entity
requested could normally be in the formof a list; as in the cdb® JON 260k

ai rway, that contains several waypoints. The key to successful devel opnent
of the navigation database subsystem 403 can be the construction of a
relatively standard interface that is targeted toward the donmain

requi renent WO OTMY93 npl enent ati on, then, of that interface ®dP¥83HY vary
wi th the database source data and no other parts of the systemwould be
affected. The navi gati on dat abase subsygj.em 403 will typically contain
navai ds, SID, STAR, predefined waypoints, airways, airports, runways,

o elq:ut red E)]E %%‘%ﬁﬁgé’\{??éém%Ngggsgggggﬂ{gﬁ%@gé{i@%iﬁ%tsﬁfe; %ﬁ@?}eﬁﬁ@gessi ng
I nterpretation of database requests and the retrieval of the corresponding

data from t FRO'EA%IAD ¥FNGat a structures. The output processing in the
navi gati on dat abase subsystem 403 is, sinply, to provide the data that was

requested. The p mﬁé‘t d sﬂég ' Lol f
retrieving dat aﬁ'%g‘smt e Eera%'tca#%a?}%ce 2%’%{}'55}3&3% é@&%@gﬁggab%ﬁ? R
performance_dat abase-, subs em 402. can ke characterized. by a general set
bf dat a t haMaNSGRERPLA VAPV RPHGETR AStaRReR: GarieEab) e SRUPHSRT i ng
subsyst em 320. The format and structure of the actual performance data will
be hi ddef bgireial opemtpnsdwhen ene seferences thy ‘database’athedetarennenis actuatly
subsystens. As with the navigation database subsystem 403, the key to

successful bdeingl maderto this woddwidef mavigation dEthbiss e Therdares severdDathean be
the construction of a standard interface that is targeted

databases that are important to the overall functioning of the FMS. These

include the communications database subsystem 401 and the performance
database subsystem 402. The communications database subsystem 401
10 pnmarly 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 refrieving a single entity from the
database or a list of related eniries 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




toward the domain requirenments. The inplenentation, then, of that interface
can easily vary with the database source data and no other parts of the
system woul d be affected. The performance dat abase subsystem 408 JiNI2004
contain functions to retrieve airframe characteristics such as drag, V
-speeds (values and |imts), attitude limts, and lift coefficients. The
performance _dat abase subsystem 402 wll also contain fu |

retrieve en&%@’?ﬁ&iaoteri stics such as thrust- to-power sreﬁtlfﬁ%héagﬁé

fuel -to-power settings. The input processing associated with the

per f or mance- dat abase subsystem 402 i mchlddes interpretation of database
requests and retrieval of data frominternal data structures corresponding

to those reqygéted tdwardtiepdbmairorgairements) The implehwenativne thiat, aif dlsat
subsystem 402 is, generally, to provide the data that was requested. The

comuni cati o t%@g@@%ﬁgfgﬁ% th8 Latabaks %ggﬂ%i dat£ah@ho biter paMs Bethedat a

fromthe connuni se as requeste he conmmuni cation database
primarily contains lists of freaquencies.to be used dur] A Un of
communi cat | oﬁyﬁt%fﬂi%{l‘?&ﬁf‘geﬁtgpag‘g@é‘alvgagm 3?%???%?&2‘?@?%‘ lﬁﬂ:ﬂ@r t he
performance or the navigation_databases, in that other FMS subsystens have
the ability tentaistnaveidsd SEAdSTAR: pradefingd wayRaias, aliways ARPHEBSLBWaYRe i nput
processing required of this subsystem conprises retrieving conmunications
data for ot heiilithiySrainingyretiesy MIFR), and refoglinproutes.cat i ons data fromthe

ot her FM5S subsystens into the database structures. The output processing

oSy o Ol o e d ol o AL S it SRSy BHE8bs P

is, simply, the interpretation of database requests and the retrieval of the
corresponding data from the intemal data structures. 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 performancé data wilt 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

iimits), aftitude limits, and Iift coefficients. The performance database subsyétem




The conputing platform services subsystem 600 contains sub- subsystens that
are dependent upon the conputing platformin sone way. The subsystens
within the conputing platformservices subsystem 600 exist entirehy oo

i solate the true applications of the FM5 product |line fromthe underlying
conputing platform Therefore, the sub-subsystens contained within the

conputing platform services subsystem nust be inpl enented shé}sdad he
i nterface t%OPHﬁg subsystens can remai n unchanged even V\hgﬁf}%e 2

subsystens are nodified to accormmbdate a specific conputing platform The
equi pment managenent subsystem 500 con#@i-ms nodels of all external
equi pnent that interface wwth the FM5, such as radi os, navigation sensors,

aircraft ausgpiwilPilso ebftaifidncidis O@tfisvVetsiginecrattetisticsestioty awghrustqui pnent
is to be nanaged using the services provided by the equi pnmrent nanagenent

subsyst em 500 L i ' . the FM5 with respect to

equi pnent %%%gﬁn%érﬁ‘ﬁééhﬁg%*%bgﬂgﬁFgmgg%vi de a standard interface to a
standard pi ece f equi pnent. The virtual equi porent interface, su stem 510
contains the se?Wc'BE” rpcessing ﬁse&ﬁ??ﬂ %i'ﬁ%dpﬁw@%’ﬁﬁm‘?ﬁ a@%‘f hi s
type and the interface is considered to be a part of the core EMS product
line. The i syibsystem 402 inclusies intamsetation obdatabase reguests andHetsievakfdaty t he

physi cal equipnent that is actually a part of the system There is one
ot her aspectronf irtdrpab datd stesctpreay coreespgpndingstaa tidmedrequests. f Sbe obtaut meri t.s
di scussion - required versus optional services. Because the philosophy of
the core FMBrgegslHg in the'frofmhfcd @athBuseSunspsient 402 is) beNerally, 16 provide
the data that was requested.
The communication database subsystem 401 is respoﬁsible 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 databaseé, 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 retumn 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




that certain data be available. This necessitates the concept of standard

I nterfaces to standard equi pnment. The fact that the standard interface
provi des services that are typical to that type of equipnent, however,
does not inply that every instance of that type of equi pment actQuRllN2ibes
provi de that service. For instance, there can be an INS that does not

provi de magnetic variation even t hough we consider that a typical
service of @wagidesln order to account for an |INS that doesmisnopidyi de a
magnetic variation, the core FMS product line will provide a conputed

magnetic variation as a standard servigeg.._Therefore, there are two classes
of services provided by standard interfaces - required services and

optional services. Wen the i tion o a .standard |nt r

per for med, £emPytiagAlatform ﬁ?’(’f}% maf‘ﬁgfeﬁ' 5}“@ bEmP i‘f'éT'%f' (?\{“aﬁ%f'
standard interface that nust be inplenented and ot hers that can be Ieft
uni npl enent ederfageacty $hesed Bubsystemsf gae mainepophanged ©Nebe whanyithads t hat

are required and those that are optional. The determ nation of whether a

service cansbss% ek 76 neodifisd tocavtonracddie sssprific domsmuingrplatieter or not
it can be used by the core product line. It is inportant to note that the

interfaces to st Q‘ﬂgaércﬂu ?Hiéh?rméﬂa hﬁent%i%%{;ﬁbhy 5b0 A drbingRABHEIsOf Bhat

pi ece of equi pnent efore, the virtual equi pment interface subsystem
ai S0 higfier PRl Sayioea ti AN RRe I i BMS. Yy %.*'%Ee "?gﬁéﬁgﬁ?xangi’é
General |y, SepRgiSi AHPATRUIPUGN A0 COU bl caastitpn Wi Pa mfetial”' ' °°
frequency. Another nodel of the ideal VOR includes the identifier
equipment is to be managed using the services provided by the equipment
management subsystem 500. |

The overriding philosophy of the FMS with respect to equipment

10 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

15 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

20 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




and position of the navaid to which the radio is tuned, which allows the
use of range and bearing information returned fromthe receiver tﬂﬁ}eJ 0l
determ ne an aircraft position. Therefore, the service to tune t %?:9

receiver in the standard interface would include frequency, position, and
i dentifier. Each service provided by the standard interfaces should contain

not only the data to be conveyed, but also an indication of the validity
of the signWP.0IHM% can be especially inportant for servi IWIEB343 ovi de
data to the FMS product |ine applications from external equipnment. For

I nstance, an air data conputer (ADC)— 44 exrface can provide true airspeed
to the applications. In addition to providing the airspeed val ue, the ADC

interface S\E/}ﬂ:?ﬂg‘ilngé %hgﬁglg{ﬁgg gggﬁi%lis%}w OfEF?Né.allj'l(yfé%’at ;ac%ggétn@i'sﬁpeed

val ue. The vali™dity can on such criterra as ess,

physi cal equi t, condition, and physical jnterface ndition. There are

t wo aspects“ﬁgqg S prave @ WBH¥ yauaton, Fﬁlﬁﬁrﬂeﬁﬁ‘gﬂi“%ﬂﬂsystem
500 corresponding to those inputs that are received from higher subsystens
and t o thoseravigg a ge@pritasonagaetic vanating asa sandardsendes. pfibereforen therg e

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

Since this ambiwstiasseoolservises peovided by dtandanf intdiatetacequirelisemicest , it
~is not necessary that each input, from another FMS subsystem results in

an out pug t gn@WBHtBARNEervices. thﬁaénaﬁ{eermpuamﬂiatﬂﬁt@fé%ﬂﬁ%&{i%&a@%t he

I nterfaced equi pmrent and made avail abl e for access via ogl ca

s ace  ERAHSS 0% ERCBRE: ThefWUREL seblcat e iy,
the rever Selsntglffaéehl a{ %“us?ﬁg ?n%i%mgnttiedngrl{é ") iﬂreorsC tehsai |cgg be%}t E)J%Emplemented.
Each standard interface will enumerate those services that.are required and
those that are opticnal. 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 sefvices 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 aliows the use of
20 range and beanng information retumed 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




data are sent to the interfaced equi pnment as required. The fact that data
are nmade available to other FM5S subsystens, as described above, is another
way of saying that the data is output fromthis subsystem The r@gwﬂﬂﬁgﬁy
managenent subsystem 520 provi des a backup contingency in the event

there is a failure of the processor hosting the FM5 system The FMS
product |ine operates in an active/standby (hot spare) configuration

wher eby onewprqame®msor is actively executing the functional iRGE/GH0BHE3
system whi | st the other processor is standing by and |listening. The standby
processor will to take over the morkL;Eﬁggﬁ the active processor should it
becone necessary. The standby processor 1s |istening and ready by virtue of
periodic transfers of data fromthe activ rocessar. th will, enable the
D andby  pr Ses GatH ot qanvevesh it plsp 2 uicebiod o seitinyPbe fanel cFBS; ¢
wor k. The activel standby configuration assunes that the aircraft is wred
such that t tean becespaciatly iowodant for searicescthat provide tatactodhe Fivia Predct
processors can swap roles. The redundancy nmanagenent subsystem 520 takes in
I ndi cat i ons gk appliegtisdron extirhaleguipment. eF or instanbe] dre airtdata esmputer
processor is fit to continue inits role. It also gathers up the data

necessary t ?{‘ﬁfdﬁﬁ‘teﬁ%gf, RUR" Srelidef tri SRS to Y SSpiRatlons. ©RPBASItibA thor

transfer to e’'sta processor. In addition to the transfer data, the
redundancy nmnage t | ndi_caf.i 1.0 t her
the procdss (ng'gﬁ'gﬁﬁ% aﬁ@%ﬁg@% ,Ot?%?_i%' %’E‘ék%?%g'éé\tﬂg ip‘r:\%é\‘?lg% ?\r?qléf%g\soﬁﬁ

advant age of both hot-spare an ual _phi | gsophi es ,on various EMS prograns
for specifi éh%i"?’é,‘?*%{quﬂﬁiﬁpquéglﬂﬁ i ﬁ‘@ﬁé'@fﬁ%kb% Bﬁﬁpﬁﬁéﬁntﬁp@g?des a
collection of cormon type definitions and primtive utilities that are
used t hr oughdata frekkenessSphysical @quipment condition, and physical interface condition.

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




line system The definitions provided by the domain services subsystem 610
are specifically related to the domain in which the systemoperates. It can
be inportant to realize that the entities exported fromthis sub§ysgdhiiése
not sinply a collection of software data types that nmake it easy for
inplenmenters of the system Rather, this subsystem provi des services that

are provided in the application domain. Exanples of elene It 00 the
domai n ser We&AY429% hsyst em 610 are software data types def iq’tr(lzi%nigg |'gl'{4| ude

and longitude, utilities to conmpute a distance between two points on the
earth, and utilities to convert angulardbrat ues between radi ans and degr ees.
Al'l other subsystens within the FMS are expected to use the functions

provi ded bys%éienQO"rWenFm Prodict Imebepsiatss fhl Gnr adtiversthhdy qRbf Bpadeei r

own. This subsystem shoul d not contain anything that is either platformor

aircraft de nt,: t r ' | oot BiPR Eﬁ’ﬁﬂatﬁgp 109
dependent oﬁgé@éwpc%gﬁﬁéggf%%%gawgw%ﬁl nﬁéerw E:]es subsys gm 610
accepts input paranmeters such as bearings,,  distances, .and

| ati t udes/ | sygeruwalstng olerRyPRESSALdS rsgﬂns’é@ élﬂ aﬂﬁﬁ@&%@i‘% Tie sReAPY but
none of the processing produces val ues that beconme resident in this
subsystem prdcesser valt ta take ovetths warkiord of the astiye pmeessar shouldidbeorine t ype
definitions, which are universal to the FM5 product |ine donmain and

conput eds vahbessdanp NTHE istaridbyprodéssor ritesidg andready by avimué of perioidiat i n
this subsystem but are nerely returned to clients for their use. The

operat i ng Sﬁéﬁé}(—i%‘f%&tﬁsféhﬁbﬁi’é%ﬂb@ (toEB8E5dp UbE wifl éhdifs [thef sidnaby FVE

subsyst ens e host-conmputi ng environment such that the core F will

o 5%, SoPRHERn BBl BHAE 1S58 orel el UL TS
for the FNBagl)I/vsélgtgqndt-)r)b icgntrig)lﬂ'giiork %sgtrjr%ggltﬁétegxei gt}c?'a rJ]s(? wired such that the
necessary data transfers can take piace 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
rotes 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 coliection of software data types that make it easy for impiementers of the




under | yi ng equival ent nodel of the platform which can be independent of
Ada tasks. An output of the operating services subsystem 620 can be a
condi tion indication that is the result of built-in-tests of the

host - computi ng environnent. The FMS subsequently uses this condilt¥ duN 2004

i ndi cation as a conponent in other condition indications, for instance,
the status of data bus communi cations. The enbodi ments and exanpl es set
forth herei wate2Besented to best explain the present i nEHYWABRM its
practical application and to thereby enable those skilled in the art to
make and use the invention. Those skillag@d4n the art, however, wll
recogni ze that the foregoing description and exanpl es have been presented

for the purp fj t ' : er..vari ations d
modi i cat i ond ey hghﬁéﬁ's{eﬁ Eﬁﬁﬁﬁriﬁﬁ%ﬁ %ﬁié%%g'ée}n%mt BrobdORouRIL ||

in the art, and. it is ,the intent of th ended._cl ai 18 that. such.

variati ons afePlicgten i doPpiihns Eﬁe?ﬁ&?grgﬂ&sdwg'ﬂ $R¢ FPBRAIN SEYCRS 1 | s
not intended to be exhaustive or to |limt the scope of the invention. Mny
nodi fi cat i onsubaystera bl@@re seftware gals dynasdefining lafjludesind lpagitusts, atibitieschi ng

W t hout departing fromthe spirit and scope of the following clains. It is
cont enpl at edid durhptitee distancé beheeat maepdintsoretiia eartiy andi utilitiés B camqeohent s
having different characteristics as long as the principle of |ayered

subsyst en ar shgdxsmmss bétwenfatifdil JFRNRGREERD! AR bR FubSysternk Wilth tHd 1S
I ntended that tThe scope of the present invention be defined by the clains
appended her ERA% are gxﬁ‘leg@d to use the functions provided by the domain services
subsystem 610 rather than define their own. This subsystem should not contain
anything that is either platform or aircraft dependent; thus préventing the ciient
systems from becoming dependent on the aircraft and platform. The domain
10 services subsystem 610 accepts input parameters such as hearings, distances,
and latitudesflongitudes 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 particular host or platform.
20 The input to the operating services subsystem 620 can be, for exampie,

an Ada tasking model for the FMS system. This model is transiated 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




1. A nethod of controlling and coordi nati ng comuni cati on between di verse
nodul es in a flight managenent system (FMS), wherein the diverse noduies
are configured as a |ayered subsystem hierarchical architecturef % i 2004
met hod conprising the steps of: coordinating conmuni cation between
operational subsystens fromthe |ayered subsystem hierarchical
architecture, incorporated into the FVMS based on a predefi seeAI¥sSt em
dependencyWQuP’é‘,z”gai d subsystem dependency rul e conpri si ngb&gﬁ ow n%;ssa

gi ven subsystemto depend only upon another subsystemin a sane or | ower
hi erarchical layer; and verifying comfificati on based on the

subsyst em dependency rule during inplenentation and execution of software
associ at ed didatisatisht™® the Rsult of buliie-tastshsfdhehobt-abmpitingverviesmmentiul e
operation is continuously checked agai nst the predefined dependency rule

to ensure* that Fﬁg%'b‘éegﬁ’&hﬁld%&% thfs‘%{dn@ftfoﬁ i@idation 48 RHSsret | in Biriighout

the FM5, m'rroring correspo ng real -worl d dependencies as defined by FMS
subsystem dependency.rules.. 3. A fllght n S i ncl udi ng
a | ayer ed-sE%@%W\ﬁ“‘éﬁ?ﬂﬂf%lwqeeb%d?tﬁgﬂoﬁﬂg%g’%m%%@%m the FNB
architecture conprising a neans for enforcepent of a predefined subsystem
dependency rul e, The gmbosimenistand exasaplgs sef, forl) Rereinpia Riesgnigd a

gi ven subsystemto depend only upon another subsystemin a sane or |ower

hi er ar chi cakxpiainghe peesempavention and és paasicalapplication aod to thesely agablaput
from an operator and presenting output to the operator; a communications
subsyst em f g{osaBIkMBHNA tiErtitd ndkey fid Ok tHeORVERiicHt Those skilledih theart,

aircraft and equi pnment used for conmunication;
however, will recognize that the foregoing description and examples have been
presented for the purpose of illustration and example oniy. dher variations and
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 teacr;ing 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.




a flight managenent subsystem for managi ng functions associated with
operation. of an aircraft; and a dat abase nmanagenent subsystem for

managi ng and providing access to a plurality of databases housed (v N 104
the FMS architecture. 4. The systemof Caim3, wherein said

communi cation, flight managenent and_database subsystens each further
conprise a plurality of application functions that are independent of the
operator interface subsystem 5. The systemof Claim3, wherein the
operator iAb&IMate, comnunication, flight management and dat abase
subsystens are dependent upon the conputing platformto access an external

environment. 6. The systemof Caim3, further conprisi Pg gn eqé:‘i mePSt
managenent -subsyatrasitciad! qomonilihgsaral eeardinating FOMMHRIEAHER DEfER) gﬁ"ﬁ Ality

of equi pment upon_which the perfornma f a | eat b T i thin
fhe openatdesineeilight@manasRmen S¥sEeah [ﬁﬁﬁﬁi%‘%)“gwaﬁ%gdé‘%ﬁ%qgﬁgu'gg? P ase

subsyste i s based. 7 B afcHit AiditRtedivet ey metngd cemnpgsiag the
equi pn&ﬁg‘ﬁﬁﬂﬁggﬁ@npye?udog%%%ﬁg% |ch responsible for inplenenting a
hi gh-1 eyshs bpterface using a plurality of lowlevel facilities provided by

tsngsgg[rg%t :‘ E?t Ela?E:Lgr{gknrp%ﬁtin%é%ojrnqsnu%}l/csé}ti%wbcgtwgerq 'o@egatiom? GELLystahd Ry bgat | on

layered subsyétem hierarchical architecture, incorporated into the FMS based on a
predefined subsystem dependency rule, said subsystem-dependency rule comprising
| allowing a given subsystem to depend ohly upon another subsystem in a same or lower

hierarchical layer; and
verifying communication based on the subsystem-dependency rule during

implementation and execution of software associated with said modules.

2. The method of Claim 1, wherein module operation is continuously
checked against the predefined dependency rule to ensure that module operation
reflects module dependencies throughout the FMS; mirroring corresponding real-world

dependencies as defined by FMS subsystem-dependency rules.

E;. A flight managerient system (FMS) including a layered-subsysiem
architecture residing on a computing platform, the FMS architecture comprising:

a means for enforcement of a predefined subsystem dependency rule,
said subsystem-dependency rule comprising allowing a given subsystem to depend
only upon another subsystem in a same or jower hierarchical layer;

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

. 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




a flight planning subsystemto build and maintain a |ist of Iegs defining a
flight plan; and an aircraft guidance subsystemto guide an aircpaf fﬂ ) ght
trajectory by producing steering commands and targets. h% jUN Ub&

-50-

a database management subsystern for managing and providing access

to a plurality of databases housed within the FMS archilecture.

4, The system of Claim 3, wherein said communication, flight management
and database subsystems each further comprise a plurality of application functions that

are independent of the operator interface subsystem.

5. The systemn of Claim 3, wherein the operator interface, communication,
flight management and database subsystems are dependent upon the computing

platform to access an external environment.

B. The system of Claim 3, further comprising an equipment'management
subsystem that provides a domain-leve! interface to a plurality of equipment upon which
the performance of application functions within the operator interface, communication,

flight management and database subsystems is based.

7. The system of Claim 3, further comprising an equipment management
subsystem that is responsible for implementing a high-level interface using a plurality of

low-level facilities provided by the computing platform.

. 8. The system of Claim 3, wherein said navigation subsystemn further
comprises: _
a flight planning subsystem te build and maintain a list of legs defining a
flight plan; and
an aircraft guidance subsystem to guide an aircraft flight trajectory by

producing steering commands and targets.




