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1. BACKGROUND AND DEFI NI TI ONS.

& Present navigational nethods, based on the use of VOR/DME/TACAN
ground facilities, result in routes or airways which Jead either
directly toward or away fromthe station. This results in
limtations on the configuration and the nunmber of routes available
between two points.

b. These limtations take on even nore inportance considering that
arrival and departure procedures are based, in |arge neasure,
on the sane ground stations which serve the enroute structure.
This means the funneling effect is conmpounded by altitude changes
for traffic transitiomisg to or fromthe eneoute structure.

€z The enploynent of airborne area navigation systens (RNAV) permits
flight over predeternined tracks within prescribed accuracy
tol erances without the need to overfly ground-based VOR/DME
(VORTAC) navigation facilities. Area navigation has three prin-
cipal applications: between any given departure and arrival
points along a route structure so organized as to permt reduc-
tion in flight distances or reduction in traffic congestion; in
termnal areas to pernit aircraft to be flown on preorgamiized
arrival and departure flight paths to assist in expediting
traffic flow and reduce pilot and controller workload;, and to
permt instrunent approaches within certain linitations.

d. Area navigation allows the use of routes not solely limted by
air navigation facility location. These additional routes pro-
vi de operational advantages for pilots and controllers by in-
creasing route capability and flexibility.

& Definitions of particular siguificames.
(1) Along-Track Distance (ATD) Fix - The AID fix is an along-

track position defined with reference to a waypeiinit and
with geographical coordinates.

(2) Along-Track Error - Afix error along the flight drack
resulting fromthe total error contributions of the airborne
and ground equi pnent only.

(3) Area Navigation (RNAW) - A nmethod of navigation that permits
aircraft operations on any desired course within the coverage
of station referenced navigation signals or within the limts
of self-contained system capability. In addition, RNAV
utilizing capabilities in the horizontal plane only is 2-D
whi | e RNAV whi ch al so incorporates vertical guidance is 3-D.

Par 1 Page 1
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(4)

(5)

(6)

(7)

(13)

(14)

(15)

Area Navigation (RNAV) Equi pment - Airborne equipment that
provides for area navigation.

Changeover Point - The point at which navigation reference
Is shifted fromone tefereme® facility to the next reference
facdlidtsy.

Crcular Position Error (CPE) - The probabl e navigation
error expressed in ternms of the radius of a circle centered
on the desired geographic point.

Cross-Track Error = Afix error to the left or right from
the desired track to the present position, neasured perpen-
dicular to the desired track, This error includes airborne
equiipmenitj, ground equi pnent, and FTE:

Desi gnated RNAV Route - An area navigation route, based on
tthe current high altitude or low altitude VOR/DME cover age,
as designated by the Adm nistrator and published in FARs 71
and 75.

Establ i shed RNAV Route - A predeffiined enroute segnent, arrival,
or departure route (including RNAV SEDs and STARs). It also
incl udes enroute segnents established with gaps in VOR/DME
coverage for use of aircraft equipped with RNAV systems
capable of automatic dead reckoning.

Flight Path Angle - A vertical angle defining an ascending
or descending path TO a specified altitude (MSL) at a
specified waypoint.

Fli ght Technical Error (FTE) - Flight Technical Error refers
totdhe accuracy with which the pilot controls the aircraft as
measured by his success in causing the indicated aircraft
position to match the indicated command or desired position
It does not include procedural blunders.

| nstrument Approach Waypoints - Fixes used in defining RNAV

I nstrument approach preeeduiress it Liadtgg t he | NI TI AL APPROACH
WAYPOINT (LAWP),, | NTERVEDI ATE WAYPOINT (INWP),, t he FI NAL
APPROACH WAYPOINT (FAWP),, t he M SSED APPROACH WAYPQINT (MAWP),,
an the RUNVAY WAYPOINT (RWY WP)..

Parallel Offset Route - A desired parallel track to the |eft
or right of the "parent" or designated route specified in
whol e nautical mles.

Ref erence Facility - The ground VOR/DME facility used for the
identification and establishnent of an area navigation route,
waypoint, or flight procedure,

RNAV | nstrunent Approach Procedures - Instrument approach
procedures based on RNAV and identified by the prefix RNAV
foll owed by the procedure nunber; i.e.,, RNAV Rwy 21 or
RNAV-AL.

Par 1
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‘1@) RNAV Transition Routes for Initial Approach - Transition
routes, based on RNAV,, fromthe efiroute environnment to the
initial approach waypeint of an instrument approach procedure.
RNAV transition routes may be included in conventional approach
procedures such as ILS, as well as in conplete RNAV approach
procedur es.

(1;) Route Segment - Two subsequently rel ated waypoints (or ATD
fixes) define a route segnent

(18) Sl ant Range - The actual distance between aircraft in flight
and certain air navigational aids (radar, DME).. This distance
is greater than the geographical range because of the altitude
of the aircraft

‘1@6 Slant Range Error - Slant range error is the difference
between the distance of an aircraft to a point on the
surface and the distance from that point along the surface
to a point directly beneath the aircraft.

(2@) Tangent Point - The point from which a line perpendicul ar
to the RNAV route centerline passes through a specified
VORTAC.

421) Tangent Point Di stance (TPD) - Di stance from VORTAC t o
tangent point.

(22) Track Angle - Settings used in station oriented RNAV systens
to identify prescribed routes and tracks over the ground
from point to point

(23) Turn Points - A waypoiint which identifies a change from one
Geat Grcle track to another along a given route

(24) Vertical Navigation (VNAW) - That function of RNAV equi pnent
which provides guidance in the vertical plane

(250 \Vertical Path Angle - (See Flight Path Angle)

(26) Waypoiisit - A predeterm ned geographical position used for
route definition and/or progress reporting purposes that is
defined relative to a VORTAC reference facility.

éZZ) Waypoiinit Di spl acenent Area - The rectangular area forned
around the plotted position of the waypoint. The rectangle
is oriented along the desired track with the waypaiitit at
its center. Its dimensions are two tinmes (plus-and-n nus)
the appropriate along-track and cross-track fix displacenent
error val ues.

Par 1 Page 3
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f1 Applliieatiion of area navigation equi pnent and procedures in the
Nat i onal Airspace Systemrequires that they be conpatible with the
VOR/DME system on which route structure and air traffic control
are based. Inplenmentation, therefore, requires that area navigation
devices enployed assure proper positioning with respect to the
VOR/DME route structure by reference to the geographic |ocations of
VOR/DME ground facilities. Such systens nust further pernit navi-
gation along, and within the protected airspace of, conventional VOR
routes, airways, and terminal procedures.

g. 2-D Systens - To assure conpatibility with existing ATC routes and
procedures, 2-D area navigation systens typically conpute distances,
bearings, and/or command gui dance signals relative to "waypoimits"
that are used to define RNAV route segnents in relation to VOR/DME
station locations, A succession of these waypoints defines the
centerline of the route to be flown.

h. 3-D area navigation systenms include the functions of 2-D systens
with vertical guidance added. Vertical guidance includes conputed
deviation from desired ascending or descending path to a specified
altitude at the waypoint, which is included in the route definition.

i. The advantages of area navigation are applicable to VFR as well as
IFR operations. For VFR operations, straight line point-to-point
navi gation, bypassing of congested and restricted area, and
elimnation of air navigational facility overhead requirements are
the principal advantages gained, and each contributes to the
reduction of pilot workload and to flfght safety. |Installation
requirenents for VFR use' omlly are shown in Appendix A Page 13,
Par agraph 4.

je For IFR operations, area navigation offers simlar benefits, but
nust be conducted in accordance with standards and procedures
designed to ensure the safe, expeditious, and orderly novenent
and control of air traffic within prescribed airspace dinensions.

ki Introduction of an area navigation capability into the National
Al rspace System provides a neans for overconmi ng many of the dis-
advantages of the WAR structure. By elimnating the requirenent
to fly along radials that lead directly to or from the ground
station, it is possible to design routes and procedures that
better facilitate the novenent of traffic. Typical of the benefits
that result are:

(1) Congested area bypass routes.

(2) Multiple routes to allow segregation of traffic according to
speed or other operating characteristics.

(3) Pilot navigation of conmmonly flown radar vector paths.

Page 4 Par 1
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4) | nproved alignment of routes.

(5) Dual routes for omeway traffic.

(6) Increased instrument approach capability.
(7) Optimum |ocation of holding patterns.
(8) Procedures designed for STOL and helicopter operations.

10 FAA encourages the installation of area navigation equi pment and
has established routes and termnal procedures that are specifically
designed for, and are beneficial to, properly equipped users.

m. Previous action was directed to the devel opnent of transcomitinesitdl
and major hub connecting routes along with termnal procedures to
serve these routes. Devel opment of other routes and terninal pro-
cedures will be consistent with user needs whenever possible.

2¢ WHERE TO APPLY FOR APPROVAL.

a. Application for approval of an area navigation equipment installa-
tion other than those relating to an application for a Supplemental
Type Certificate (ST@Q) may be made to any FAA Air Carrier, Ceneral
Aviation District Ofice, or Flight Standards District O fice.

ba Application for a Supplenental Type Certificate covering an area
navi gation equi pment installation may be nade to any FAA Regional
Engi neering and Manufacturing Ofice.

c. Application for approval of new area navigation routes and instrunment
approach procedures should be made to the appropriate FAA regional
office. Air cazurier/alir taxi requests should be forwarded to the
appropriate Flight Standards District Ofice.

d. Air carriers should advise the certificate-holding office of any
application made to other offices.

3. AREA NAVI GATION EQUI PMENT, Equipment that neets the performance spec-
Ifications outlined In Appendix Ais suitable for use within the NAS.
A single system will be considered suitable to neet these requirenents.
Equi pment may incl ude deppller radar, inertial, pictorial display/course
line conputers, or any other technique/device that will ensure com
patibility with the operational procedures, route wdths, vertical
separation, and obstacle clearance requirenents prescribed. Pictorial
di splays or course line conputers provide one of the typical nethods
of operating on an area basis. This method is predicated on utilizing
the signals fromVOR/DME ground stations, or other facilities offering
equival ent accuracy. The airborne equipment standard is the m nimum
for TFR. However, the RS willl recogpiizee various | evel s of equi pment
sophi stication. The nore sophisticated equi pment will include track

Par 1 Page 5
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smoothing, turn anticipation, parallel offset capability, and at least a
6 waypeiitit storage for 2-D and at | east a 10 waypeisit St orage capability
for 3-D. They will normally use ARINC quality conponents which are nore
accurate than the mninum standards require and often utilize nore than
DME/VQRIi nputs. They typically use heading and air data &t even inerti al
and ILS information to inprove on the basic accuracy. The mninum equip-
ment will use the published reference facility. It normally does not
enpl oy track snoothing and rarely utilizes nore than two waypoints. It
is the mininumfor IFR approval, This level of equipnment is expected to
be limted ultimately in the NAS, particularly in the termnal area where
the cockpit workload issuch that 6 to 10 waypeiinit Storage, parallel off-
set and turn anticipation features will be very desirable.

RNAV will be used in all phases of the NAS. Although current use is pri-
mari |y enrouwites, it iS expected to becone increasingly inportant in term-
nal airspace. Sophisticated RNAV systems -- especially when supplenented
with airborne 3-D capability -- are expected to provide the user with
significantly inproved instrument approach canability when conpared with
t he non-precision approaches currently used. *The nini num RNAV systens on
the other hand will be of linted usefulness in the terminal area. The
m ni num system cannot suppl ant VOR/DME and loeallizexr for use as an ap-
proach ai d except under special conditions where certain geonetriies can
show an advantage for this |evel of RNAV. RNAV approach procedures which
cater to the mnimum equipnent levels will normally not be devel oped in
high density termnal areas except where a definite operational advantage
can be the result as at an airport |ocated over 10 mles fromthe refer-
ence facility or where circling mninuns only apply, or where a'loecalliizer
back course is unfllyablle; etc., or to satisfy a specific user need.

4. PROCEDURES. In order to prolong the useful ness of the mninmum equi pment
systens, procedures will be devel oped, where possible, with only two
required waypoints. It nust be noted, however, that procedures in com
plex termnals may requirethe use of up to 6 waypeintss'i% rapid succes-
sion for 2-D and up to 10 for' 3. The mi ni mum equi pment systens,
al though sufficiently accurate to neet present RNAV requirenents, will
find these conpl ex procedures unfllyablie because of the extremely high
cockpit workl oad.

5. TURN ANTICIPATION. Pilots flying the systemare expected to initiate a
turn prior to reaching the turning point in order to intercept the next
segnent without overshoot. Pilots flying systems which do not automati-
cally anticipate the turn should use a method which involves "leading"
the turn by approximately one mle for each 100 knots true airspeed. Au-
tomatic coupled systems nust have the capability of sinilar nethodol ogy.

6. CGROUND FACILITIES. Throughout the text of this Advisory Crcular, ground
facility references are to VOR/DME. \Where TACAN service is provided in
the NAS, any TACAN user whose equi pment meets the mni mum system perfor-
mance characteristics of the U S. National Aviation Standard for VORTAC
(AC 00-31) nay apply TACAN to al | VOR/DME references herein.

Page 6 Par 3
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Appendi x A

APPENDI X A Al RBORNE AREA NAVI GATI ON SYSTEMS:  ACCEPTABLE MEANS OF
COVPLI ANCE W TH Al RAORTHI NESS REGULATI ONS

| NTRODUCTORY REMARKS; .

ae Area navigation systens based on VORTAC stations have four sources
of error: (1) ground VOR/DME radi ated signal; (2) airborne VOR/DME
equi pment; (3) flight technical (piletage);and (4) the air navi-
gation equipnment itself. It is assumed further that these are
i ndependent errors having such distribution that they may be com
bi ned root-sumsquare (RSS) fashion, See Appendix Ce

bhe The means of conpliance presented herein apply to systens that use
VOR//DME sensor signals either for direct aircraft position deter-
mnation or for updating aircraft position derived from other
sources such as air data conputers and magnetic conpasses, inertial
navi gati on systems, and doppller radar navi gation systems, However,
RNAV systens may enpl oy sensor inputs other than VOR/DME wi t hout
VOR/DME updating if equival ent accuracies can be denonstrated by
means suitable to such systens,

€s The problem of slant range error takes on particular significance
under the area navigation concept because of a direct effect upon
the intended route of flight. Airborne systens that are dependent
upon ground station signals for course guidance are subject to this
error, while self-contained systens are nott. O the former, some
systens are designed to conpensate for slant range error and others
are not. The problemis even nore significant above FL 180, where
airspace buffers are not planned.

2-D airborne systens affected by slant range error are accommodat ed
through procedural conpensation by the airspace planning and air
traffic control systens' ouitsidse the terninal area bel ow FL 180. Route
design conpensations will take the form of linitations of the proximty
of route centerlines to the reference facility, increased |ateral
dimensions for routes that nmust pass in proximty to reference
facilities and increased |ateral spacing of dual or parallel routes.

Air traffic control conpensation is in the form of |ongitudinal
and lateral separation criteria that enconpasses the extremes of
slant range error possibilities,

3-D Systens are expected to incorporate slant range correction
because the input data for the correction is normally avail able,
therefore, 3-D route planning and traffic control will NOT allow
for slant range error.

1 Page 1
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Elimnation of slant range error and its attendant conpensating
procedures is prerequisite to the devel opment of optinum routes

and separation criteria. FAA plans to initiate rulenaking action

in the near future requiring slant range correction in terminal hubs
and at FL 180 and above. This level may be |owered as operational
experience is gained.

ACCETPARBIE MEANS OF COWPLI ANCE (FOR USE UNDER INSIHRMMENT FLI GHT RULES)

An acceptabl e neans of conpliance with Section 6.1301, 6.1309, 6.1431,
and -.1581, of Part 23, 25, 27 or 29 (as applicable), with respect to
area navigation systens, ptovided for use under IFR conditions, is to
satisfy the criteria set. forth in this paragraph.

Accuracy.

(1) 2-D RNAV System using Reference Facility for continuous navigation
information. The total of the error contributions of the airborne
equi pment (receivers plus area navigation = including desired
track setting as well as waypaimit setting errors) when comnbi ned
RSS with the followi ng specific error contributions should not
exceed the error values shown in Table 1, Appendix A

VOR ground station + 1.90
DME ground station +Qu. 1 NiMI

(2) 2-D RNAV systens which use VOR/DME i nformation fromother than
the Reference Facilities nust show that the algorithm used will
always select a station that will provide cross track/along track
errors equal to or less than the greater of the RNAV systemerrors
of the reference facility for any RNAV track (Table 1) or the
errors shown in paragraph 2.a.(3).

(3) 2-D RNAV System not using VOR/DME for continuous navigation
information. The total of the error contributions of the
ai rborne equipnent (including update, aircraft position and
conmput ational errors), when conbined with appropriate flight
technical errors listed in 2.,a.[@) bel ow, should not exceed
the following with 95% confi dence (28siigms) over a period of
time equal to the update cycle:

Cross Track Al ong Track
Enroute 2.5 NM 1.5 KM
Ter m nal 1.5 NM 1.1 NM
Appr oach 0.6 NM 0.3 NM

(4) 2-D Flight Technical Errors (FTE) when conbined RSS with the
errors discussed in (lj) andjor (a) above determine the Total

Par 1
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Systemerror. The Total System error is used by airspace

pl anners and includes the follow ng specific FTE val ues for
determning cross-track position accuracies. Values |arger
than these must be offset by corresponding reduction in other
systemerrors. (See Appendix C) No FTE is used in determ ning
the along-track accuracy.

Enroute + 2.0 NM
Term nal + 1.0 N\M
Appr oach + 0.5 NM

(5) 3-I) RNAV Systens. The total of the error contributions of the

ai rborne equipment, including sensors and area navigation:

(a) Should not contribute any new horizontal error, and

(b) When conbined RSS with the specific vertical error
contributions for "Flight Technical" listed in Table B
of this Appendix, should not exceed the total RSS
accuracy requirenents of Table B, Appendix A

(e) Vertical Navigation Equi prent (VNAY)

Total vertical navigation system accuracy criteria are
based largely on the satisfactory experience of nany
years wWith the present separation standard of 1000 feet,
while also anticipating the probable needs of the air
traffic systemin the future

The total 3-D system accuracy requirenments for |evel

flight are stated in Table A. The requirements are based
on final approach, term nal area, and entoute operations
in level flight. The specific requirenents are based on
the obstacle clearance standards for final approach and on
ai rspace protection standards up to FL 290.. The require-
ments for operations above FL 290, where separation
standards change, are based on performance |evels typica
of altimetry systems neeting accuracy requirements for
final approach and enrouite operations up to FL 290.

The 3-D system accuracy for other than level flight
varies with the ascent/descent angle. This variance is
due to the flight technical error which has been shown
to vary with the angle of ascent or descent. These
variations are shown in Table B.

Page 3
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M N MUM ACCURACY REQUI REMENTS FOR VERTI CAL GUI DANCE EQUI PMENT
EMPLOYED | N Al RBORNE VERTI CAL NAVI GATI ON SYSTEMS I

Level Flight
Fl i ght Al'titude Total Vertical Error
Segnent Regi on in Feet ( (99.7% conf i dence) Refiarka
Fi nal At or bel ow 200 Mesetst he obstacl e cl earance
Appr oach 5000' MSL requirements of 250".
Term nal At or below 350 Meets the 1000' | evel flight
Area 10000' MSL vertical separation require-
nent
Entouite Al altitudes 350 Meets the 100@' | evel flight
vertical separation require-
ment .
TABIFFA

Page 4

Table B illustrates typica

error budgets where errors are

assunmed to be independent and are conbined by the toot-sus-

squar e (RSS) efthast .

These accuracy requirenments provide an
adequate buffer zone to accommodate all

normal |y encountered

at nospheric anomalies and reference discrepancies without
jeopardizing the validity of the 1000 foot vertical separation

standard in level flight
The table lists vertica
regard for horizonta
situation, additiona

vertica
during ascending and descending flight

position error budgets wthout
position uncertainty.
errors nust

In a dynamc
be consi dered
because the aircraft

may be either ahead of or behind its assumed position al ong

track.
accuracy requirenents,

errors shown.

For systems meeting mnimum horizonta
this additional error is generally
| arger than the non position-dependent vertica

position

position

The airborne conputer calculates the descent

angle and conmands an altitude for the assumed position
If the aircraft is behind the assumed position, the air-
craft is below the intended track by an anount proportiona

to the along-track error
to the basic vertica

This error nust be added (RSS)
position errors shown when calcul ating

airspace protection and obstacle clearance during descent

Par 2
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SUMVARY OR REPRESENTATI VE VERTI CAL GUl DANCE

ERROR BUDGET IK FEET 99.7% (3d)

Error
Sour ce

*Final Approach
5000 feet MSL
and bel ow

*Keammnal
10,000 f eet
MSL and bel ow

Entoutte (1)
M0 altitudes

Level Ascent orlLevell Ascent or
Flight Descent [Flight Descent

Ascent or
Descent

Level
Fl i ght

200 265 250

0 (2

Ltinetry (3| 90 140 350

VNAV Equipment (4| 100 100 150 150 220

Flight Technical (5 150 200 250 300 250 300

200 265 350 430 350 510

TOTAL RSS (38)

TABLE B
NOTE 1. Maxinum operating altitudes to be predicated on conpliance with
total accuracy tolerance
*When final approach and termnal area procedures are devel oped
above altitudes shown, error is increased proportionately in the
altimetry and RNAV paraneters to provide airspace and obstacle
cl earance protection.
NOTE 2. In the event that VNAV guidance is used in level flight entoute
the incremental error conponent contributed by the VNAV equi pnent
must be offset by a corresponding reduction in other error
components, such as flight technical error, to ensure that
total error budget is not exceeded

the

Refers to the electrical output and includes

all errors attributable to the aircraft altimetry installation
including position effects resulting from nornal aircraft flight
attitudes. In high performance aircraft, it is expected_that__
altimetry correction will be necessary to neet these require-

ment s. Such correcti on should be done autonmtically. [n | ower
performance aircraft, upgrading of the altinmetry system may be
necessary. The larger errors shown for ascent/descent are typical
of automatically corrected altinmeter systenms which neet the |evel
flight error budget.

NOTE 3. Altinetry Error.

NOTE 4.. Includes all errors resulting from the

installation. Does not include

VNAV Equi pnent Error.
vertical guidance equipment
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NOTE 5.

22175

errors of altineter system but does include any additiona

errors resulting fromthe addition of the VNAV equi pnent

This error conponent may be disregarded in |evel enroute flights
if the operation is limted to guidance by neans of the altineter
only. It should not be disregarded in the terninal and approach
operations, where the pilot is expected to follow the VNAV

i ndi cations.

Flight Technical Error. Includes errors in pilot interpretation

of vertical guidance instrunentation, pilot activation of aircraft
vertical controls, and deviations caused by aircraft response
characteristics. Consideration is given to the relatively high
pilot proficiency and good aircraft characteristics expected

to be found in nost operations at the higher altitudes. These

val ues represent consensus estinmates based upon experience and
some limted testing; and for cases in which there is no relevant
experience, they are conservative estinmates. It is recognized that
there are several design and operational parameters that could
affect those values including display configuration, autopilot
coupling versus mmnual control, pilot workload, and variation of
aircraft response with increasing gross weight and altitude

As operational experience and experinmental data are accunul ated
and anal yzed, the values will be suitably adjusted

(6) All RWAV equi prent approved for use under |nstrument Flight
Rul es (IF®) rmust neet the appropriate accuracy criteria.
Should it not meet these criteria, a placard nust be
installed in the aircraft which reads "LFK Qperation Not
Aut hori zed. "

(7) Equi pmrent presented will be approved by issuance of an STC
or, upon prior approval from the appropriate regional office
nmay be approved by a properly processed Form337 in the field.

b. Atrea Navigaitiom System Desiigh.

(1) Ceneral. The systenms will normally use VORADME i nput sensor

Page 6

signals (or use conbinations of VOR and DME for updating purposes)
and indicate aircraft positions relative to the R¥W route and
selected waypoint. Systems may be designed to utilize other
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sensor inputs if equivalent accuracy can be denonstrated
Installations intended for final approach should use
position information that is essentailllly continuous with
interruptions no longer than would result from swtching
from one preprograned waypeitit to another. The system
should give no operationally significant nisleading

i nformation

(2) Vertical Quidance Input Controls.

In the absence of pre-stered or automatically inserted flight
profile parametersg pilot controls shall provide for at |east
the followi ng inputs:

(a) Station Elevation. For systens enploying slant range error
correction, elevation of the VOR/DME ground station in
increments not greater than 100 feet if used during fina
approach, and for other phases in increnments not greater
t han 1000 feet .

(b) Waypoint. Waypeirit altitude in increments not greater
than 10 feet if used during final approach, and for other
phases in i ncrements not greater than 100 feet. Waypeiimit
horizontal position shall be entered in increnents not
greater than 0.1 nautical mle or 0.2 degree bearing from
the station or the equivalent.

(e) Flight Path Angle. Vertical gradient from a zero
degree origin in increments not greater than 0.1 degree or
the equival ent.

(3) Checking of Input. Provisions should be made to enable the
pilot to check the correctness of the inputs.

(4) Al tineter Settiiig. The systemshal | be so designed that there
I's no requirement to insert separate baronetric correction inputs
into the vertical guidance conputer. Adjusting one of the
baronetric pressure altineters in the cockpit should automatically
provide the corrected input to the vertical conputer. In order
to avoid the abrupt irregularity in the computer vertical flight
path at the transitional level, the pilot will nake altineter
setting changes between |ocal and standard 29.92™ Hg. above the
transitional level. Airspace will be buffered above this |eve
to account for the diseonitimuitizss in the vertical flight path
and the pilot will be expected to make the change gradually so
as not to introduce unacceptably abrupt flight path requirements

Par 2 Page 7
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(5) Vertical Cuidance Display. The equipnent shall provide a vertica
gui dance presentation conpatible with the aircraft's flight
Instrumentation such that the pilot is continuously furnished
vertical deviation of the aircraft with respect to a pre-
programed ascent/descent or level flight profile;

(6) Failure Warning. Provision should be made to alert the crew
upon occurrence of any probable failure of major system
functions or loss of inputs, including those that would affect
aircraft position, heading, conmand course, command heading
altitude, or vertical guidance indications

(7) Performance Check. Provision should be made for checking the
systenmis perfornance on the ground and in flight. This may be

a built-in check, an auxiliary test system or a procedura
check.

(8) Response Time. The navigation display should indicate air-
craft position, to the accuracy specified in Paragraph 2.a.,
assuming that navigation sensor outputs are available:

al During flight in any direction at the maxinmum ground
speed declared by the equipment manufacturer, and

During ascent or descent at the maxinumrates declared
by the equi prent manufacturer, and

(e) Wthin five seconds after any normal maneuver, assum ng
sensor inputs are not lost during the maneuver

(d) The time lag between tine of data input and gui dance
derived fromthe display of the data should not be
operationally significant.

NOTE: Terminal area speed limtations are taken into
account in connection with this provision. Moving
el ements of the navigation display may be danped

(9) Coordination of Displays. In installations incorporating
both horizontal and vertical guidance, there should be no
operationally significant difference between the various
di splays used by the flight crew. For exanple, if a descent
is programmed to end at a waypoint, the command to |evel off
shoul d be operationally coincidental with the waypeiiiit
indication. This is not intended to preclude maneuver anticipation
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(10) Environnmental Conditions. The area navigation equi pment shoul d

be capable of satisfying the criteria set forth in Paragraph
2.a, and 2.b. above over the environnental ranges expected to
be encountered in actual aeronautical operations. In demon-
strating conpliance, the environnental conditions outlined in
Radi o Techni cal Conmi ssion for Aeronautics Docunent DO-138
titled "Environmental Conditions and Test Procedures for Air-
borne El ectronic/El ectrical Equipnent and Instruments" dated
June 27, 1968, or other appropriate environnental standards
may be used.

(11) Auto Tune Systems. Systens which autonatically tune/select

VOR/DME facilities for navigation or update should be limted
to a search range of 130 NMfor high altitude facilities and
40 NM at 18,000 feet and below for low altitude facilities in
keeping with the NAS frequency protection criteria unless
through conputer logic or a 'reasonableness test' faulty infor-
mation is rejected.

(12)) Turn Anticipation and Parallel Ofset.

(a) RNAV systenms which provide for parallel offset tracks
must also limt the turning maneuver. Turns shall be
anticipated and flown in such a way as to cause the
aircraft toremain within # 2.5 NMof the desired track
centerline enroute and + 1.5 NM of the centerline in the
termnal area. Pilots flying systens which do not
automatically anticipate the turn are expected to lead a
turn by 1 NM per 100 knots true airspeed.

(b) 3-D systens shall not require additional controls to
assure that the offset route is in the same horizontal
plane as the parent route at the waypoint. The plane is
measured on the bisector angle between centerlines of the
adj acent route segnents.

c. Area Navigation Equipnent Installation.

(1) Location of the RNAV display. Each display elenent to be used

Par 2

as a primary flight instrument in the guidance and control of
the aircraft should be located where it is clearly visible to
the pilot with the least practicable deviation from his nornal
position and from his line of vision when he is |ooking forward
along the flight path.
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(2) Failure protection. Any probable failure of the airborne area
navi gati on equi pment should not derogate the normal operation
of required equi pment connected to it, nor cause a flight hazard.

(3) Radio frequency interference. The area naxigation equi pnent
should not be the source of objectionable radio frequency
interfereme® iwr be adversely affected by radio frequency
em ssions from other equipment in the aircraft

(4) Manufacturer's instructions. The area navigation equi pment
shoul' d be installed in accordance with instructions and limta-
tions provided by the manufacturer

di Arcraft Flight Munual. |If an aircraft flight manual is provided by
the aircraft manufacturer, its FAA approved portion may contain thk
following information on the area navigation equipnent

(1) Normal procedure for operating the equipnent;
(2) Equipnent operating limtations; and
(3) Energency operating procedures (if applicable).

If not contained in the aircraft flight manual, information on
equi pnent operating limtations should be provided to the pilot
by means of placards. The aircraft flight nmanual or placard
shoul d state "RNAV |Instrunent Approaches Not Authorized" if the
instrunentation is such that FTE cannot be resolved to nmeet ap-
propriate criteria. Revisions or supplenents to the flight
manual nust be approved by the Regional Chief of the Engineering
and Manufacturing Branch.

3. TESTING PROCEDURE (FOR EQUI PMENT PROVIDED FOR USE UNDER | NSTRUVENT
FLI GHT _RULES)

a. Ceneral, An applicant for approval of an area navigation system
installation in an aircraft may show that he has satisfied the
criteria in Paragraph 2 by a conbination of bench tests of the
i ndi vi dual conponents (including VOR and DME) and groumdl/ f Hyttt
tests of the entire instaillled area navigation system The bench
tests may have already been performed by the individual conponent
manuf acturer (during design and construction) or by the installer
(on behal f of a previous customer). Such bench test data, if
certified by the manufacturer or installer are acceptable. In
addition, the applicant may refer to applicable TSO standards, if
the manufacturer of the equipment certifies that his equi pment meets
those standards.
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b. Bench Tests. The following tests may be performed on the bench
or with the navigation systeminstalled in the aircraft:

(1) Test equiprment. Bench test equipnment should be capable of
sinulating the input signals from VOR/DME and/or, the al ti meter
or other sensors and of varying those signals over the ranges
for which the equipnment is designed.

(2)) Accuracy testing.

(a) Variables to be considered. FEach variable that has a
significant effect on position error should be investi-
gated over its entire range, and the error analysis
should show the effects of reasonably probable variations
of these variables on total system accuracy. The statistical
t echni que described in RTCA Docurment No. DO-153 entitl ed
"M ni num Performance Standards -- Airborne VOR Recei ving
Equi prent Operating Wthin the Radio Frequency Range of
108-118 Megahertz" dated August 18, 1972, may be used as
a guide.

(b) Static test. Horizontal and/or vertical position accuracy
shoul d be neasured statically as the error in displayed
position relative to the theoretical position obtained
from perfect signal inputs (range and bearing from a known
station location and/or altitude). Sinulated range and
bearing and/or altitude signals are introduced into the
area navigation equipnent. Conbinations of ranges from
zero up to the maximum distance for which the equiprent
i s designed, bearings fromzero to 360 degrees, and alti-
tudes up to the maxinmum certificated altitude for the
aircraft should be inserted as input signals. For each
set of input signals, the corresponding display output
should be conpared to the theoretical position and recorded
as an RNAV systemerror. The errors for each test point
are then conbined statistically to determine the 28 (95%)
probable error. \When this value exceeds the WMV system
error element shown on Table 1, the total horizontal
system error nust be conputed by adding the RNAV system
error RSS to the other systemerrors. See Appendix C.
They should be within the values shown in Tablle 1 if
the systemis to be used in IFR flight. Hlste that only
one error table is provided. This represents the required
accuracy for LFR of VOKR/DME equi pment using the reference
facility. The only variabl e between enroutte, term nal,
and approach i s FTE (shown in 2 .a.(4) above). Separate
tabl es are redundant.
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The vertical systemerror is conputed by adding RSS the val ues
for FTE (Table B) and altinetry appropriate to the installation.
The val ues shown in Table 1 and the RSS totalls in Tabﬂe

B should not be exceeded.

© Dynamietest. In addition to the statie test, a dynamie
accuracy test should be perforned utddizimg si mul ated
VOR/DME and/or altineter inputs varied in range, bearing
and/or altitude in order to assess the ability of the
system to snooth variable input signals without incurring
excessive lag. These tests should be performed with
representative sinulated airspeeds throughout the range
for which the equipnent is designed. During these tests
t he measured RNAV equi pment error shoul d be consi stent
with the total systemaccuracies specified in Paragraph 2.
Alternatively, an in-flight demonstration of satisfactory
dynami ¢ characteristics my be accepted

(d) Systens _having nmap type displays. If the systemuses a
map type pictorial display of aikreraffit position as a
primary means of steering guidance, the accuracy deter-
mnation should take into account any error contribution
by the cartography.

(e) Altinetry tests. The accuracy of the installed altinmetry
system shoul d be determned by tests, evaluation of
previously approved data, or both, to assure that the
altimetry error budget of Table B is not exceeded. Static
system error determined during aircraft certification or
determned by currently recognized means may be conbined
RSS with scale error data for the altimeter

€. Gound/flight tests.

(1) Gound tests. After the area navigation system has been
installed, but before the aircraft is flown, an operational/
functional check should be performed te ensure that the system
has been installed in accordance with the installation criteria
in Paragraph 2.c. (and with all applicable airworthiness regu-
lations) and that it functions properly and safely.

(2) Determination of when flight tests are necessary. At
least one flight test for accuracy In the approach case
is necessary. Additional flight tests for accuracy are
necessary if the system accuracy is not adequately deter-
m ned by signal sinulation as described in 3.b. above, or if
it appears that the resolution of the pilot display is such
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That the assuned FTE of 2.0 MAf (enroute), 1.0 WM (terminal)
or 0.5 NM (approach), wll be exceeded.

NOTE:  The "Approach" node is defined as the flight operation
between the final approach waypeigtt and the airport. The
"Terminal" mode is defined as the ingress/egress flight
operation between Entoute and Approach, nornally bel ow FL 180
within 50 miles of the airport. The "throuté" node is defined
as the cruising flight operation between Terninal areas

(3) Accuracy tests in flight. Wen the bench check data required
by paragraph 3.b. above are not available, flight tests are
necessary. Therefore, in addition to ground tests, to
demonstrate satisfactory perfornmance of the area navigation
equi prent, the airplane should be flown solely by reference
to the RKAV display and other standard flight instruments,
at arelatively low altitude under VFR condittboks, with a
safety pilot, and if practicable under ground radar surveil-
| ance as foll ows:

(a) Along the length of an FAA approved RXAV route segnent.

(b) I n accordance with an FAW approved R¥AV terninal area
procedure; and

(C2 In accordance with an FAA approved RNAV approach procedure

(d) During ascent and descent flight in termnal and/or final
approach operation with theodollitte observation or equiva-
lent to check vertical angle performance of 3-D RNAV.

Fi nal approach performance may be conpared agai nst ILS
signal s.

In each case, the area navigation systemis satisfactory if

t he equi pnment neets the accuracy requirements of Paragraph 2.a.
as determned by direct visual reference or other suitable

net hods to identifiable ground check points and a | arge scale

map of the area on which are shown route segnent centerlines

and boundary widths applicable to the distance from the reference
facility.

(4) Functional test in flight. The area navigation system shoul d
be checked out in flight to deternm ne whether the design and
installation criteria in Paragraph 2.b. and 2.e. are satisfied.

4] ACCEPTABLE NMANS OF COVPLI ANCE (FOR EQUIMMENT PRONDBED FOR USE UNDER
VKSUAL FLI GHT RULES ONLY)

a. An acceptable nmeans of conpliance with Sections —1B8l, -1B88),
-.1431 and -.1580, of Part 23, 25, 27, or 29 (as applicable), wth
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respect to area navigation systems provided for use under VFR
conditions only, is to satisfy the criteria in Paragraphs 2.c.
and 3.c.(l) above, and to placrad the aircraft to limit the
use of the area navigation system to VFR only.

b. Airborne area navigation equipment installed under Paragraph 4.a.
may be approved by means of a Form 337 or Supplemental Type
Certificate.

5. MILITARY MEANS OF COMPLIANCE. Military RNAV equipment approval pro-
cedures, the means for designating equipment for use under VFR flight
conditions only, and methods by which pilots are to be informed of
equipment limitations will be accomplished by the individual military
services. Military use of TACAN azimuth and distance information is
assumed where VOR/DME is required.
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PROCEDURE FOR OBTAINING FAA DATA APPROVAL BY SUPPLEMENTAL

TYPE CERTIFICATE (STC) OR MAJOR REPATR AND ALTERATION

(FORM 337) (FOR _EQUIPMENT PROVIDED FOR USE UNDER INSTRUMENT

FLIGHT RULES)

OF TECHNICAL DATA BY SUPPLEMENTAL TYPE CERTIFICATE (STC).

1. APPROVAL
a.
b.

Par 1

Makes an application for STC at the FAA Regional Engineering
and Manufacturing office. Early contact is wise, since sched-
uling may be critical. FAA evaluates the data submitted by
the applicant (see Paragraph l.b.), issues a Type Inspection
Authorization (TIA), and participates in ground/flight tests
outlined in Appendix A, Paragraph 3.c. An STC is issued when
all airworthiness requirments are met. If the submitted data
is adequate, the STC authorizes similar installations in the

Designs and constructs his area navigation system installation
to the criteria set forth in Appendix A, Paragraph 2.

Obtains, from the equipment manufacturer or the installer, the
bench test data described in Appendix A, Paragraph 3.b., or an
appropriate certification of accuracv per Paragraph 3.a., or

Makes available an aircraft (with the area navigation system
installed) for ground inspection and flight test. The appli-
cant is responsible for furnishing a qualified flight crew for

What the STC applicant does:
1)

same aircraft type.
(2)
(3

conducts these bench tests himself.
(4)

conducting the required flight tests.
Data

submitted by the STC applicant. The following kinds ot data

be submitted for FAA airworthiness evaluation:

(1)

(2)
(3

Equipment data, such as:
(a) Equipment schematics.

(b) Equipment manufacturer's operating instructions and instal-
lation instructions.

(¢) Equipment manufacturer's quality control procedures.

NOTE: Equipment data is submitted for original installation
only.

Fault analysis covering installation.

Installation information and/or photographs.

Page 1
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Ce.

(4) Any needed structural substantiation.
(5) Electrical schematics.

(6) Any needed flight manual revision or supplement, or placard
drawings.

(7) Evidence of previously approved data.

What the Equipment Manufacturer Can Do.

(1) Assist the STC applicant by supplying the data specified in
Paragraphs l.a.(3) and 1l.b.(1).

(2) Perform the bench tests described in Appendix A, Paragraph 3.b.
and certify (to the applicant and FAA) that the accuracy
criteria in Appendix A, Paragraph 2.a., are satisfied.

2. APPROVAL OF TECHNICAL DATA BY FORM 337, Major Repair and Alteration

(Airframe, powerplant, propeller or appliance) OMB 04-R060.1 (FOR USE

UNDER INSTRUMENT FLIGHT RULES).

de

b.

Ce

Page 2

Data Submitted by the Applicant. The following alteration data for
the equipment installation will be submitted with a properly
executed Form 337.

(1) Data to confirm that the requirements of Appendix A, Paragraph
2, have been met.

(2) Data to confirm that the requirerents of Appendix A, Paragraphs
3.b. and 3.c. have been met.

Additional Data Which May be Required. If required for FAA Air-

worthiness evaluation by the FAA District Office approving the
technical data, the applicant may also be required to furnish a
copy of the equipment schematics, manufacturer's operating and
installation instructions, fault analysis for installation, instal-
lation details and/or photographs, substantiation of structural
changes, electrical schematics, and any appropriate proposed flight
manual revision and/or placards,

Inspection of Aircraft. Make the aircraft available for data

conformity inspection.

Par 1



Z/21//75 AC 900845A

30

Par

Appendi x C

APPENDI X C. SOURCES OF NAVI GATI ON SYSTEM ERRCR

CENERAL, The establishnment of relationshi ps between naviigaitiem system
accuracy and TFR aircraft separation criteria or route widths is a
complex process. The first problemis to deternmine a reasonably

achi evabl e I evel of navigation system aeewraxis=. This nust he based not
only on analysis of the neasurable systemerror elenents for state-eff—
the-art equi pment but also on a series of jntangiblles fudped primarily
on the basis of experience.

Current separation criteria, based on such analysis and experience,
provide aircraft under IFR control a hi%h degree of nrotecitiiem aRafinst
collision with other aircraft or obstructions. These etfiieria take into
account the measured accuracies of the VOR/DNE ground faciiiities and

ai rborne equi prent and judgnents as to how pilots actually fly their
airplanes. Aeccumulaitirg evi dence shows that VOPR/DMF i nformation, when
used with area navigation eofiputiimp and display devices and presented
properly to the pilot, offers the potential for an even nore efficient
utilization of the airspace while naimttaiimiix® current standards of in-
flight safety.

CURRENT RELATIONSHIP BETWEN NAWHKATIAN ACCURACY AED ROUTE Wibig. The
system of airways and routes used in the United States has widths of
route protection used on a VOR system use accuracy of + 4.5 degrees

on a 95 percent probability basis. The + 4.5 degrees for VAR justifies
the application of + 4 nautical. nile route width out to a distanee of 51
NM from the facility and a wi dening of route protection on the + 4,5
degree basils beyond 51 miles. -

CURRENT RELATIONSHIP BETWEEN VERTI CAL NAWKATTION ACCURACY AXD SEPARATION
STANDARDS.. The system of afitwavs used in the United States allow for
altinetry systens errors and atnospheric errors of various amounts
dependent on nmode of flight and altitude of the flight operations.
Altineter standards for accuracy (TSO C M) requires certain denonstra-
tions of accuracy over a wi de range of conditions inelluding tefpetattwre,
vibration *amd pressure. These accuracies combined with the expected changes
in atnospheric pressure over the distances used and pilletage factors do not
exceed a value which would interfere with other TFR aircraft operatimg with
1000'' vertical sepamitiomn bel ow FL 290 and with 200®' vertical. separation
above FL 290.. These are the vertical separation standards currently used.
Ef forts have been nade to inprove altineter perfornmance above FL 290 in
order to permt application of 100®' vertical separation above, as wellll

as below, this flight level. The aeeutraew requirenments of the current
altineter standards are not stringent emm&h to neet this goal but the

m ni num accuracy requirenents of Appendix A Tables A and B are intended

to support 100@' vertical separation at all it levels.

SOQURCES OF ERRCR.

a. Horizontal Errors. The basic assunption is that four sources of
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error - ground VOR and DME radi at ed sfigmall,, ai rborne VOR receiver
equi pment, area navigation equi pnent, and pillotage - contribute

i ndependent errors of such distribution that they may be conbined
in RSS fashion. This is the normal assunption used traditionally
by the FAA and is tequitred by the method recommended by ICAO Annex
10 for the deternmination of VOR system use accuracy (IRA0O Annex 10,
Second Edition, April 1968, Attachment C to Part I, Paragraph 3.6,
VOR System Accuracy). All errors are based on a 95 percent
probability basis,

Errors from the four major sources listed above are actually com
posite values including error contributions from various factors

For exanple, "Errors in radiated signals" include propagation errors
as well as errors in the transmtted signals arising from geographi-
cal siting and magnetic alignment of the ground station

1 "Airborne VOR equi pnent errors," in accordance with conmon
practice include not only errors in the receiver outputs, but
also errors contributed by the converter and the conventiona
course selector and deviation indicator. In those cases in
whi ch an area navigation system accepts inputs directly from
the receiver, the error conponents normally included for the
converter and indicator are not incurred and, therefore, the
appropriate value for "airborne VOR equi pnent error” can be
correspondingly reduced. (NOTE: This factor is considered
subsequently as one type of error conpensation that my be
afforded by area navigation-equipnment.) The errors for DME
receivers to be used in conjunction with area navigation
equi pnent, although small conpared to the total system use

aj error, are taken into account in Tables 1, 2, and 3, Appendi x A

"Area navigation equipnent error" includes error conponents
contributed by any input, output, or signal conversion equip-
ment used, by any conputing element enployed, by the display
as it presents either aircraft position or guidance commands
ée_g § course deviation or command heading), and by any course
efinition entry devices enployed. For systenms in which charts
are incorporated as integral parts of the display, the "area
navi gation equipnent error" necessarily includes charting
errors to the extent that they actually result in errors in
controlling the position of the aircraft relative to a desired
path over the ground. To be consistent, in the case of
synmbolic displays not enploying integral charts, any errors in
waypainit definition directly attributable to errors in refer-
ence charts used in determ ning waypeiimit positions shoul d be
included as a conponent of "area navigation equipnent error."
This type of error is virtually inpossible to handle and in
general practice highly accurate published waypainit | ocati ons
are used to the greatest extent possible in setting up such
systens to avoid such errors (and to reduce workl oad)

e 2
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(3) The "flight technical error' refers to the accuracy with which
the pilot controls the aircraft as measured by his success in
causing the indicated aircraft position to match the indicated
command or desired position on the display. Mnual insertion errors
are due to the human interface with the control and display
units that affect the performance of an RNAV operation. The
resulting error causes a deviation fromthe defined EMAV
flight plan. These errors are usually recognized and corrected
before developing in magnitude to a point where they may be
consi dered blunders. However, "nanual" errors also include
undetected errors such as inaccuracies ia track setting and in
setting waypeinit bearing information in some types of systens.

Bl under errors are gross errors in human judgment or attentive-
ness that cause the pilot to stray significantly from his area
navigation flight plan, and are not included in the area

navi gation system error budget. Blunder tendency is, however
an inportant system design consideration

Pillotage error will vary widely, depending on such factors as
pilot experience, pilot workload, fatigue, and notivation.

Equi prent design and amnbient environnent variables also affect
pillotage directly and nmeasurably, such as:

Processing of the basic display inputs (i.e., smothing and
qui ckening), whether or not heading is presented integrally
with position and/or command gui dance indications, display
scal e factors, nunerous display configuration variables
aircraft control dynamcs, air turbulence, and many nore
Strictly speaking, with autopilot coupling, "flight technica
error" beconmes "autopilot error." These factors nust be
taken into account in arriving at enpirical values for
pillotage contribution to system use accuracy.

Eval uation of area navigation equiprment to the present tine
indicates that the flight technical error, using such equiprent
is linear in nature. A value of + 2.0 NMis typical for the
eatroute case and + 0.5 is typical-for final approach operations.

“Manual " errors, however, are not linear in nature, Track
setting error, for exanple, is angular, and its effect on
cross-track error is a function of distance from the waypoint

The term "pilotage error" in the RNAV equi pnent error budget

Appendi x A includes ONLY the FLI GHT TECHNICAL ERROR el enent
descri bed above, and '"Ranahl™ errors nust be considered in
the Al RBORNE EQUI PMENT ERROR BUDGET

b. Vertical Errors. The soutees, @f vertical error are listed in
Appendi x A, paragraph 2a(5)(@) Table B, of this advisory circular

Par 4 Page 3
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5. CONMING ThE ERROR BEEMENTS. Based on the assunptions that the variable
errors from the various sources are nornally distributed and independent,
they may be conbined in RSS (root-sumsquares) fashion. Thus, the
standard devi ations obtained fromthe various conttibutingssaueess nay
be conbined geonetrically rather than arithnetically by taking the square
root of the sum of their squares:

d total = l/éﬂi~»dfi~. . . +EN

6. ERROR BUDGETING.

a. In optimzing a navigation system design, it is generally desirable
to avoid having the error fromone source nmuch | arger than those
fromthe other sources since, by the RSS nmethod of conbination, it
contributes disproportionately to the total error. lLioswever,, it
may be technically easier, cheaper, or operationally nore desirable
to reduce theerror fromone source rather than another in order to
meet a total system use accuracy requirenent.

b. In establishing an error budget, a system designer may trade off
reduction in the errors from one or nore sources against increases
in the errors fromothers. Thus, in adding an area navigation
conputing and display capability to the basic VOR/DME system it
is necessary and possible to conpensate for the errors introduced
by the new equi pnent by means of reductions in errors from other
sources, Any of titke airborne error elements, including Flifght
Technical Error, may be traded provided the total system accuracy
reflected in Appendix 1), Tables 2, 3 and 4 are net.

(1) Assume that a conmpany sells an airborne VOR system desi gned
to fly within a + 4 NN route width to a distance of 51 X
froma ground facillity on the basis of the follow ng error
budget :

(2) G ound VOR Station Error +1.9° @ 51 NN = 1.7 MM
cross-track error

Airborne VOR Equi prent hirvor 3.0 @ SL KM = 2.7 NM
cross-track error

G ound IME Error W.1 NN on radial = 0.0 NM
cross-track error
Piillotage Error 2.5 i§ 51 NM = 2.2 NM

cross-track error

(3) The error elenments conbine to nake:

* -\/1.73 + 2,72 + 2.23

+3.88

Total Error

Page 4 Par 5
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(4) ta designing a new system containing area navigation devices
contributing an error ellement of &2 NM (equivalent to ¥2.3°
at 51 NM, the system engineer finds that the total error
of the new system woul d not satisfy the requirement of a
4 NM route width at 51 NM range if the other error elements
remai ned the same. However, he also finds that he can
conipensaite for the added error component in two ways:

(a) By picking off signals directly fromthe VOR receiver
and using a digital course selector in the RNAV equi p-
ment the usual converter and indicator errors are not
incurred so that the airborne VOR equi pnent error is
reduced from3© to 20 thus the cross-track error
becomes 21.8 NM.

(b) By enploying a linear RNAV display which permts an
assumed piillottage error of k2.0 NM which is consistent
wiith val ues shown in Appendi x A, Paragraph Z.a.(4)..

(5) The system engi neer now reconputes the total system error
on the basis of the follow ng error budget:

Total Error = & \/1.72 + 1.82 + 2.02 + 2.02
=4 3.76 NM at 51 MM fromthe facility (95% probability)

The new system teets the design accuracy requirenent with an
increased margin of safety. 1In this exanple, the DME errors
did nott centriibuite to cross-track error. Wth track orienta-
tien other than along a radial, an increase in DME contribution
will be offset by a decrease in VOR effect.

Page 5
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APPENDI X Do | NSTRUVENT FLI GHT PROCEDURES

GENERAL.  This appendi x contains obstacle clearance requirenents for
RNAV instrument flight procedures. Section L provides guidelines which
are applicable to all RNAV procedures. Section Il discusses the con-
cept of 3-D RNAV only. (Ovbstacle clearance requirenents wll be included
inthe U. S, Standard for Terminal Instrument Procedures (TERPS))..

a. Approval of RNAV procedures will be based on FAA capability to
provi de service, anticipated volume of traffic, and conpatibility
of the procedure with existing airways, routes, traffic and
procedur es.

by Al approved area navigation toutings and procedures will be assured
adequate signal coverage and frequency protection. Those approved
for public use will be published in the United States governnent
flight information publication enroute and ternminal charts, MR's
and/or Airman's Information Manual (AIM.

€. Pilots should refer to AC 9063, "Air Traffic Control Procedures
for Random Area Navigation Routes" to insure correct use of off—
ai rways routes.

d) RNAV routes which require VOR/DME i nputs will be provided uninter-
rupt ed VOR/DME signal reception as opposed to Victor airways which
may incorporate signal gap areas.

e. RNAV waypoints will be identified by Laxllong (nearest /10 nin.)
and a radial and distance from the ground facility on which they
are based. Additionally, geographical names (5 letter pronounce-
able words) will be assigned to waypoints if required for flight
pl anning or ATC purposes. Along-Track Distance (AMP) fixes are
normal Iy used in lieu of a final approach waype@init when no | ateral
course change is required at that point. It is used to sinplify
pilot workload. An Al fix may be used in lieu of a mssed approach
waypoiinit when the runway waypeimtt i S NOTthe MAP. Changeover points
on RNAV routes will be defined using distance froman established
waypoi nt .

f¢ Termnal area routes are normally flown 'to' the waypoint,.and
are conpatible with 3-D concepts. However, sinplified procedures
desi gned for the m ni mum equi prent 2-D system may be flown 'to' or
"from the waypoints. Changeover points will not be used unless
more than one facility is required to support the procedure.

& RNAV route segments are nunbered in a manner sinmilar to VOR airways
and jet routes. The suffix "R' identifies the route as an RNAV
route. For exanple, J 830 R indicates a high altitude RNAV route
while V 762 R indicates a |ow altitude RNAV route. RNAV standard
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I nstrunment Departures (SID) and Standard Terminal Arrival Routes
(STAR) will be identified by the termRNAV i mmedi ately preceding
the words "departure" and "arrival." For exanple: Brooks One
RNAV Departure, Richards Three RNAV Arrival.

Termi nal RNAV instrument procedures will be devel oped as requested
by the users and required by the NAS. They may be of two types as
foll ows:

(1) Sinplified procedures will be devel oped at small airports,
typically with [ ess than 400X runways, or in areas where air
traffic problens are minimal. They will use at the nobst two
waypoi nts and wi ||l be supplemented with ATD fixes. The runway
threshold will be one of the waypoints. The other wll provide
transitions to the Final Approach course. They will be flyable
with mninmm equi pment systens.

(2) Standard procedures will be developed in large terninals based
upon air traffic requirenents, and to the extent possible, the
desires of the users. These procedures will use up to six or
even ten waypoints in rapid succession. They will be flyable
inaircraft with sufficient waypoiint storage, but are expected
to generate a high cockpit workload to the extent that they
wi Il be unfllyablle with nininum equi pnent.

RNAV i nstrunment approach procedures will be identified as foll ows:

(1) Straight-in Approach. Procedures which meet criteria for
authorization of straight-in landing mininums will be
identified by the word RNAV and the runway to which the
straight-in approach is nmade; for exanple, RNAV Rwy 21.

(2) Grcling Approach. Wen a procedure does not meet criteria
for straight-in landing mininums authorization, it will be
identified alphabetically in sequence;, for exanple: RNAV A
RNAV B, etc.

Units of Measurenent. Units of neasurenment in RNAV procedures
shal | be expressed as follows:

1 Radi al s and bearings in degrees magnetic.
(2) Altitudes in feet.
(3) Distances in nautical mles except visibility which shall be

expressed in statute nmiles and RVR which shall be expressed
in feet.

Par 1
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(4) Aircraft speeds in knots.

(5) Track angles shall be expressed in degrees.

Par 1 Page 3
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SECTI ON
2D RNAV CONSI DERATI ONS

20 ENRQUTE CRI TERIA. Entoute procedures shall be eval uated using existing
flight inspection facility performance data, or by flight inspection of
the procedure when facility data is |acking.

a. RNAV Routes Protected Areas. The area to be protected is shown in
Figure 1, the Area Navigation Route Wdth Summary, and is described
as follows:

(1) Four miles each side of routes in which the tangent point distance
of the route centerline is within 102 niles of the ground station.
The route boundaries splay at 3.250 beginning at the point where
the route centerline exits the eight-nile zone.

(2) When the tangent point distance is beyond the 102 nile linit, the
m nimumwi dth of the protected area each side of the route at the
tangent point distance is increased at the rate of 0.25 miles
for each 10 miles increase in distance fromthe ground station.
The route boundaries splay 3.250 fromthis mninumw dth at
the tangent point distance.

(3) Parall el offset routes are not charted in flight information
publications. Wen a pilot is cleared to fly a parallel off-
set route, he is expected to fly it in precisely the sane
fashion as the parent route. Parallel offsets will be used to
separate overtaking traffic and other simlar applications.
Enrouttes, it will not always be possible to' devellayp a parallel
of fset route on both sides of the parent route due to signal
loss on the side of the parent route farthest from the reference
station. When devel oping parallel offset routes consideration
nmust be given to MOCA and MRA on both sides of the parent route.
In the event that the MEA is higher than the parent route, offset
paral l el operations will nornally not be authorized on the
side to which the higher MEA applies.

(4) Entoute vertical separation will be provided as prescribed in
Air Traffic Control procedures handbooks where clinb or
descent is nade using 3-D RNAV airborne equi pnent.

(5) When using reference facilities not on the route the track
angle nust be conputed relative to the reference facility
being used. These track angles may change when using different
reference facilities due to meridian divergence/convergence.

Page & Par 2
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bl Cbstacle Cearance Requirenents. Cbstacle clearance will be pro-
vided as described in Advisory Crcul ar 95<1, paragraphs 4, 5, and
7., except that the primary obstacl e clearance areas willll be as
specified in paragraphs 2.a.(()) and 2.a.() above. L

(1) Secondary obstacle clearance areas extend laterally 2 mles on
each side of the primary area and splay at 4.90 where the
primary area splays at 3.25°.

(2) bstacle clearance areas are expanded as specified in para-
graph 3.e of AC 95-1 and as illustrated in Figure 3 to
accommpdate turns of nore than 15 degrees.

c. Enrouite Waypeintt Di spl acenent Area. The entoute waypeiinit di spl ace-
ment area is a rectangular or square area formed around the plotted
position of the waypoint. The dimensions of this area are derived
fromthe appropriate along-track and cross-track error val ues. See
Tabl e 2, Appendix D. The entoute waypainit di spl acenent area shall
be considered for each waype@irit when devel opi ng RNAV enroutte procedures.

TERMNAL CRITERIA.  Terminal routes provide access to the enroute
structure for aircraft departing an airport and routing to enter an
instrument approach procedure for arriving aircraft. Parallel offset
termnal routes will be used where: practieall f or spacing and to separate
overtaking aircraft. Termnal routes shall be evaluated by flight

i nspection concurrently with assoefaited i nstrument approach and departure
procedures.

Termnal arrival routes will be designed for efficient traffic flowto
the final approach aid - nornmally ILS. To the extent possible the
altitudes specified on the arrival routes will provide for a 300' per
mle rate of descent fromthe entoeute environnent to the runway or the
poi nt where the final approach aid is intercepted. To facilitate the
transition and to standardize the termnal route structure, the |ast
waypainit on the arrival route will be established approxinately

8 mles fromthe runway at the internediate fix. The altitude at

the eight nmle waypaint shoul d agree with the glide slope or provide
an approxi mate 300"/mille gradient to the runway as appropriate to the
type of final approach utilized.

Termnal departure routes will be designed from the departure end of
the runway to the enroutte structure. The first waypoiint will be

shown at the departure end of the runway. Imediate turns at the end
of the runway are discouraged. |Insofar as possible from the standpoint
of airspace nmanagenent the-second waypoimit Wi || be established on

the runway centerline extended.

Par 2 Page 5
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FIGURE 2. TWRITAL RNAV ARRIVAL AND DEPARTURE ROUTE COINFIGURATIGNN
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7/22//16
EIX AREAS DETERMINED BY CROSS-TRACK AND ALONG-TRACK ERRORS

AREA EXPANIDHD IAW AC 925-1
ABOVE 10,0600

/ 30 MMt

\

Earliest point f
— & st point for
v waypoint passage

\
NROUT 70 NM

&

@Expansion for “corner cutter” begins at a distmze prior
to the earliest point the waypoint can be received:

3 NM below 8000* - 7 NM 8000-180G0' - 12 NM above FL 180.
Angle of splay for expandimg area is 1/2 the amount of
the course change.

FIX AREAS DETERMINHED BY CROSS-TRACK AND ALONG-TRACK ERRORS

AREA EXPANDHED IAW AC 95-] t—=% N¥PoA-<—any
ABOVE 10,000

s> Tarliest point
.\, for waypoint
‘

\s. TERMINAL
FIGWRE 3. TYRICAL TURNINGG AREAS \ 20 NM " TURNING &

\ : Pol AREA
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RNAV Routes Protected Areas. The area to be protected is as shown
in Figure 1 and is described as follows:

(1) Primary obstacle clearance areas extend laterally two mles
each side of routes in which the tangent point distance of the
route centerline is within 53 mles of the ground station. The
route boundaries splay 3.25%eginning at the point where the
route centerline exits the four-mle zone.

(2) Secondary obstacle clearance areas extend laterally 1 mile each
side of the pr|nary area and splay 4.9° where the primary area
splays at 3. 25°.

(3) Obstacle clearance areas are expanded as specified in paragraph
3.e in AC95-1 and as illustrated in Figure 3 to accommodate
turns of nore than 15 degrees.

(4) Paragraphs 2.a(3) and 2.b({(2) above which concern parallel off-
sets and turning areas also apply.

Obstacle Cl earance Requirenents. Chstacle clearance will be pro-
vided as described i n FAA Handbook 8260.3A (TERPS),, par agraph 232.=.

Ter m nal Waypoeiimit Di spl acenent Area. The term nal waypeiisit di splace-
ment area is a rectangular or square area formed around the plotted
position of the waypoint. The dinensions of this area are derived
fromthe appropriate along-track and cross-track error values. See
Tabl e 3, Appendi x D. The term nal waypoirit di spl acement error shal
be considered for each waypotnt when used in RNAV departures and
arrivals, including initial and internediate approach waypoints

Hol ding Pattern Area Determination. The holding pattern is a race-
track pattern flown at a waypedmt or an ATD fix and at an ILAS
appropriate to the aircraft and altitude. The holding IAS for heli-
copters is 90 knots. The RNAV hol ding area will have the outbound
leg length specified in nautical mles. Mnimumleg |length fot
helicopters is 2 NM Deternmination of required area is made using
Table 2 or Table 3, Appendix D, appropriate IAS, an omidirectiona
wi nd of 50 knots increasing 3 knots per 2000' above 4000 AGL, pattern
entry directiom, ICAQ standard at mosphere plus 15°C and fix passage
tol erance of 5 seconds. Turning radii are based on a standard rate
turn or a 25° angle of bank whichever is less. The following exanple
is for helicopters holding at a sea level termnal area, but the

met hod applies to all aircraft by using the appropriate IAS, alti-
tude, and table for the node of flight; i.e., enroute (Table 2) or
termnal (Table 3).

%
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* EASpl e:= 90 KCS ATD = 30 NM
Al = 6000' MSL & AGL TPD = 30 NM
OAT = 3° + 15° = 18C¢ xwiind =50+3 = 53 KTS

From Tabl e 3, Appendi x D; cross-track error (x trk) = 2.4 NM allong-
track error (alg trk) = 2.2 NM

(1) The cross-track area i s determimed ass fol | ows.

(a) Holding side. The area on the holding side is deternined
by the cross-track navigation system errors, the effect
of wind and the area required for a standard rate turn
(mex 25°) fromentries along-track or the reciprocal and
including all directions fromthe nefloiiing side.

The contribution due to winds will be .88 NM during the
180° turn outbound (assume crosswi nd for worst case).

The cross-track error value and the wind contribution are
root-sumsquared, vyielding:

rss = 242 + .88% = 2.55

The angl e of bank at 90 KTS (95 KTS, TAS) for a standard
rate turn is determned by the follow ng:

tan § = .00275v, V = KIS, TAS
= .00275((33)
then § = 14.640 = 15°

The turning raiius (r) at TAS = 95 KIS and bank anglle (@)
of 150 is determ ned by the follow ng:

.26125

-5 y2
f=—1'458?a)r(] éO ¥ | where V = KTS, TAS

1.4589 x 1035 (95)7
-2679

£ =

r= .49 N\M

The cross-track contribution due to the turn is:
2¢ = .98 NM.

Hence, the total cross-track displacement on the HOLDI NG
side is:

cross-track RS + 2x: 2.55 + .98 = 3.53 NM.
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Nonhol di ng side.  The cross-track displacenment on the
m&m@ is either one-half of the route width at

the ATD fix, as discussed below, or the area required to

make an entry from the holding side, whichever is greater.
One-hal f of the route width in the termin3l area (50 NM or

less) is 210 N\M  In the enaroute area (nore than 50 NM but
| ess than 102 NM one-half of the route width is 4 NM. At
di stances greater than 102 NM one-half of the route is

4 NM pllus a 3.250 splay. (See Figure L).. For parallel

entry at the 70° sector line (worst case), cross-track dis-
pl acement is determned as follows (see Figure 3-L):

1
e
-~ )

M

PRIMARY AREA !

EXPANDED PRIIMARYE@':REA .

t

FIGURE334l.. HOLDING AREA DETHERMINATION

A - DME | eg Qi st ance H-~ Fix passage tolerance (sin 8)
B = Turn radius I - Nonhol ding side entry RSS
C - Fix passage tolerance J—- Turn radius (1 + cos Q)
D~ Direct entry RSS K- Fix passage tolerance (ecos 9)
E = 2(Turn radi us) L — Hol ding siide entry RSS
F = Cross-track RSS M- L1/2 Route width
G = Turn radius (1 + sin @)
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¥*

T

The wind contribution during the 110° turn to parallel the
outbound is .54 NM

Wien RSS'd with the cross-track error:
rss = V(2.4 + (.58)% = 2.46 wn
The turn contribution is (1 + sin @): (here 8 = 209)

JA9(L.3420) = .66 NM

The fix passage tolerance is:

(5 sets @ 95 KTAS)siim 20° = .05 MM

The cross-track displacement on the NONHOLDING side isS
t hen:

parallel entry RSS + (1 + sin @ + fix passage tol erance
(sin @):

2.46 + :66 + .05 = 3.17 NM

Since this exceeds 2.0 NM half route width, it is the
width to be protected.

(2) The along-track area for a direct (or reciprocal) entry or an

eeltEy Tromine nofhollding Side 1S determned as Tollows.

The contribution due to winds during the 180° turn outbound is
A4NM (assunme direct entry and taillwiind for worst case).

Whea REE'd with the along-track error:

Rss = M2.2? + (.48)% = 2.24 o

fix passage tol=rarce (5 sets) @ 95 KIAS = .13 NM.

The total al ong-track di splacenent is:

2 (nonholdihg side entry RS3) + 2((g) + 2 fix passage tol erance
+ DMB/| eg

Page 8-4

2(2.26) + 2((.49) + 2(.13) + 2 = 7.72 NM
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(3) The_along-track error for an entry fromthe holding side (70
sector line for worst case) wll elongate the entry end and is
determned as follows.

The wind contribution during the 160° turn to fly the patternis
.79 NM

Wien RS¥'d with the along-track error:

RsS = M(2.2)% + (.79)% = 2.33 NV
The turn contribution is g(lL + cos 8):: (here 8 = 207)

L49(1.9397) = .95 NM

The fix passage tolerance is:

(5sets @ 95 KTAS)ecess 20° = .12 NM

The total along-track displacement is the sum of the entry, leg
di stance and inbound turn displacements:

hol ding side entry RSS + £(l + cos B) + fiXx passage tol erance
(cos &) + DME | eg + direct entry RSS + ¢ + fix passage tol erance:

2.33 + .95 + .12 + 2.0 + 2.24 + .49 + .13 = 8.26 NM

A secondary area of one-half of the cross-track error or 2 NM
whi chever is greater, is added to the perimeter of the pattern

for obstacle clearance.

4. | NSTRUMENT APPROACH PROCEDURE CRITERIA.  FAA Handbook 8260.34, The
United States Standard for Termnal Instrument Procedures (TERES)),,
prescribes criteria for the design of instrument approach procedures.

Al though it does not at the present time contain special criteria for
the design of RNAV procedures, nost of the TERPS criteria are applicable
to RNAV procedures with mnor nodifications. This appendix will
therefore provide only the criteria necessary to nodify TERPS for RNAV
procedure application. In applying TERPS to RNAV procedures, the term
"fix" is equivalent to "waypoint," thus, "Final Approach Fix (FAF)"
becones "Hinall Approach Waypeiinit (FAWP)."

a. Procedures Construction. An RNAV instrument approach procedure
may have four separate segnments. They are the initial, the inter-
nediate, the final and the niissed appmeeth segnents. [ n addition,
an area for circling the airport under visual conditions shall be
considered.  The approach segnents begin and end at waypoints or

Par 3 Page 9



AC 90845A CHG 1 9/15//75
Appendi x D

bl

Page 10

al ong-track distance (ATD) fixes which are identified to coincide
with the associated segment. For exanple, the internediate segnent
begins at the internedi ate waypoiinit (INWP) and ends at the Final
Appr oach Waypainit (FAWP) or ATD fi Xx.

(1) Descent Gradients. TERPS descent gradients will apply to all
RNAV procedures except where an uninterrupted descent gradient
of 300 feet per mile (#20', -50'') can be established fromthe
initial approach through the final approach. It shall be done
to provide stabilized descent throughout the arrival procedures.

(2) Runway Waypeiimit and Fllight Path Angle. Both standard and
simplified procedures should incorporate a waypoinit at the
runway threshold. This waypeinit will be used as the point from
which the Flight Path Angle is conputed. On ILS runways, the
Flight Path Angle shall be conputed using the runway waypointt
el evation equal to the ILS threshold crossing height. Were no
ILS glide path is present, the Flight Path Angle shall be com
puted fromthe runway waypainit el evation 50 feet higher than the
runway threshold elevation for runways 4,000 feet and |onger.

It may be established as low as 37 feet for runways |ess than
4,000 feet inlength. The procedure shall specify the runway
waypaiirit el evation under additional flight data. Exanple: Rwy
WP elevation 1827"..

Transition Routes. Wen transition routes are required from the

en route structure to the initial approach waypoint, they should be
designed to coincide with the local air traffic flow En route RNAV
obstacle clearance criteria (paragraph 2.b. above) shall apply to
transition routes in which the tangent point distance (TPD) of the
route centerline is nmore than 53 niles fromthe ground station. \Wen
the TPD is within 53 mles of the ground station, RNAV terminal route
obstacle clearance criteria (paragraph 3.b. above) sHhalll apply.

Initial Approach Segnent. The RNAV instrunment approach procedure
comrences at the Initial Approach Vaypoint (TAWP).. In the initial
approach, the aircraft has departed the en route phase of flight and
is maneuvering to enter the internediate segnent. Standard RNAV
procedures -- as opposed to sinplified procedures -- may utilize
several initial approach segments to accommpdate the traffic flow
requirenents. En route RNAV obstacle clearance criteria (paragraph
2.b. above) shall apply to initial approaches in which the TPD of the
initial approach course is nore than 53 niles fromthe ground sta-
tion. Wen the TPD isS within 53 nmiles of the ground station, RNAV
terminal route obstacle clearance criteria (paragraph 3.b. above)

shal | apply.

(1) Initial approach segments based on a procedure turn shall not
be established. Where course reversal is required, a holding
pattern shall be established in lieu of a procedure turn.
Standard holding pattern obstacle clearance shall apply.
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I nternedi ate Approach Segment. The purpose of the internediate

segment is to blend the initial approach into the final approach
and provide an area in which aircraft configuration, speed and
positioning adjustnents are nade for entry into the final approach
segnent. The intermediate segnent begins at the Internediate
Vaypoiinit (INWP) and ends at the FAWP or ATD fi x.

(1) Alignment. The course to be flown in the internediate segnent
should be the same as the final approach course whenever
possible, Wen it is not practical for the courses to be
identical, the internediate ecautrse may not differ fromthe
final approach course by nore than 60 degrees.

(2) Distance fromrunway. For Standard procedures the internediate
waypeiitit shall be established approximtely 8 miles fromthe
runway. For the Sinplified procedure the internediate fix
wi |l be established as necessary to accommodate a procedure
which utilizes only tw waypoints. See paragraph L.h.

(3) Length. The nminimum length is 3 nmiles with standard procedures.

Fi nal Approach Segment. This is the segnent in which aliganentt and
final descent for landing are acconplished. The final approach
segnent begins at the final approach waypeiiit or Al ong-Track Di stance
(ATD) fix and ends at the missed approach point, nornally the runway
threshold waypoint. Wen it is not at the runway threshold, it is an
ATD fix based on a distance to the runway waypoint. Final approach
may be nade to a runway for straight-in landing, or to an airport

for a circling approach. Only one final approach shall be specified
for a procedure.

(1) Alignment. \enever possible, the final approach course shalll
be aligned with the straight-in landing runway. Wen the
al i gnnent exceeds 150,, straight-in mninmunms are not authorized.

(2) Final Approach Area. The area considered for obstacle clearance
starts at the earliest point the Final Approach Waypoiinit (FAWE)
or ATD fix can be received and ends at the | atest point the
M ssed Approach Waypoiimt (MAWP) can be received or at the runway
t hreshol d whi chever occurs last. See Table 4, Appendi x D, for
fix errors. \Wen the final approach course is a continuation
of the internmediate course, an ATD fix shall be used instead of
a FAWP. Additional ATD fixes may be established as step-down
fixes.

(a) Length. The OPTIMM length of the final approach segment
is 5 miles. The MAXIMIM length is 10 nmiles. The MINIMIM
length of the final approach segment shall provide adequate
distance for an aircraft to make the required descent, and
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td regain course alignment when a turn is required over

the final approach waypoint. Table 1, Appendi x D, shall

be used to determne the nmininumlength needed to regain

the course.
M NI MUM LENGTH OF THE FINAL APPROACH SEGMVENT (M LES)
éi?légggc Magni tude of turn over the Final Approach Waypeiimit (FAWD)
10° 200 30° 40° sol 60°
A 1.0 1.5 2.0 3.0 4.0 5.0
B 1.5 2.0 2.5 3.5 4.5 5.5
C 2.0 2.5 3.0 4.0 5.0 6.0
L D 23 3.0 3.5 4.5 5.5 6.5
Table 1

() Wdth. The final approach primary area is centered |ongi-

tudinally on the final approach course. The primary area
is %2 mles wide either side of the final approach course
at the final approach fix. It narrows to the width of the
fix displacenent area at the runway threshold. See Table
4, Appendi x D. A secondary area one mle inwdthis
established on each side of the primary area. Figure 4
illustrates a typical final approach area.

FIX DISPLACEMENT
AREAS

FIGURE 4. TYPICAL INTERMEDIATE/ANMAL AREAS

Page 12
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(e) bstacle Cearance. The mninum obstacle clearance in
the primary area is 250 feet. In the secondary area
the full obstacle clearance of the adjacent prinary
area is provided at the inner edge, tapering uniformy
to zero at the outer edge of the secondary area.

M ssed Approach Segment. A missed approach procedure shall be
established for each instrument approach procedure. The nissed
approach shall be initiated no later than the runway threshold
waypoint.  The missed approach should be sinple and shall specify
an altitude and a clearance limt. The nmissed approach altitude
specified in the procedure shall be sufficient to permt holding
or earoute flight.

(1) Straight Mssed Approach Area. The straight. mssed approach
area may be used when the mssed approach track does not
differ more than 15 degrees fromthe final approach track.
The area starts at the plotted position of the mssed approach
waypotiat and has the same width as the final approach primry
and secondary areas at the MAWB. The primary mssed approach
area splays at 15 degrees each side of the m ssed approach
track until it reaches the width of the appropriate termnal or
entoute obstacle' clearance area. The secondary areas expand
uniformy fromone mile to the width of the appropriate entoute
secondary areas. See Figure $.

FINAL APPROACH AREA

~
~
\ -
{i'\ MISSED APPROACH
OINT

5 i

TERMINAL O ; v 15° SPLAY
ENROUTE
AREA
s*&
EIQUWRE 5. STRAIGHT MISSED APPROACH AREA *
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(2) Straight Mssed Approach Cbstacle C earance. Wthin the
prinmary mssed approach area no obstacle may penetrate the
40:11 m ssed approach surface. This surface begins at the
plotted position of the MAWP when the along-track:error at
the MAWP is one mile or less.. \en the along-track error
(Tabl e 4, Appendix D) at the MAWP exceeds one mile, the
surface begins at a distance past the plotted position of the
MAWP equal to the amount of along-track error in excess of
one nile. The mssed approach surface beginning height is
determ ned by subtracting the required final approach
obstacl e clearance fromthe mninum descent altitude. In
the secondary area, no obstacle may penetrate a 12:l1 sl ope
whi ch extends upward and outward fromthe 40:1 surface at
the inner boundaries of the secondary area. See Figure 5.

NOTE:  Helicopter procedures use a 2Q:l1 mi ssed approach
surface with 4:l1 slopes in the secondary areas.

(Ref. TERPS 1119 & 1120)

(3) Turning M ssed Approach. The turning nissed approach wll
be as prescribed i n FAA Handbook 8260.3A (TERPS)) except that
the starting point for the 40:l1 obstacle clearance surface
will be prescribed in the preceding paragraph (4.£.((2).

Approach Mninuns.  Published civil RNAV approach nininmuns shal
meet the criteria for nonprecision approach systems as specified
in FAA Handbook 8260.3& (TERPS).. Table 6 criteria which relates
mnimmvisibility to distance fromstation shall be applied as

a variation of cross-track displacement area (Table 4, Appendi x D)
as foll ows:

Cross-track area 0.6 - 0.8 NMuse Col um 0-10
i i " 0.9 -1.0 NM " " 10-15
i n " L11-11L.2NM " " 15-20
i ) " 1.3 -1.6 NM " " 20-25
i i " Over 1.6 NM " ' Over 25

Appr oach Waypaisit Di spl acenment Area. The approach waypeiiiit

di spl acenent area is a rectangular or square area formed around

the plotted position of the waypoint. The dinmensions of the

area are derived fromthe appropriate along-track and cross-track
error values. See Table 4, Appendi x De The approach waypetiat

di spl acement area shall be considered for each waypeiit used in
devel opi ng RNAV final approach procedures including the FAWP, MAWP,

and any stepdown WP or ATD fixes used on final.

Par 4
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3% or 0.5 &2

0.1 N
0.5NM

3.0

ERROREEHIMENES
L¥
CROSS-TRACK 2.0

GROUND

VOR

DINE
AIRABE2L,

VOR

DIME
RNAVSWSIEM

PILOT

(-9

4
-IC
eg

g
8 = f
c
g2 Aw
ﬁt
Sg
66
cn
<
c
[J]
<
S

.e.,

ERROR AT THIS POINT, ENTER TABLE WITH TANGENT
30 and the along track distance

TO FIND THE CROSS TRACK AND ALONG TRACK
DISTANCE AND DISTANCE ALONG TRACK FROM

error is24.4 NM and the alng track error isf2.7 NM.

TANGENT POINT,

nHWIAl.ll N—

JONVISIA INIONVL
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TERM INAL AREA FIX D | S BLACEMENT ERROR (95% PROBAS IL ITY)

DISTANCE ALONG TRACK FROM TANGENT POINT

0 10 20 30 40 50 60 70 80 90 100
0(x trk) 1.5 1.5 1.7 2.2 2.7 3.3 3.9 4.5 5.1 3.7 6.3
(allg trk) | 1.1 1.1 1.1 1.3 1.6 1.9 2.2 25 2.8 3,0
2 10(x trk) 1.5 re 1.7 2.2 2.8 3.3 3.9 4.3 5.1 5.7 6.3
e (alg trk) 1.1 1:1 1.1 1.2 1.5 1.7 2.0 2.3 2.6 2.9 3.1
9 20(x trk) 1.b 1.5 1.8 2.3 2.8 3.4 4.0 4,6 5.2 5.8 6.4
0 (alg trk) 1.3 1.4 1.5 1.7 1.9 2.1 2.3 2.6 2.8 3.1 3.4
T 30(x trk) 1.5 1.6 1.9 2.4 2.9 3.5 | 4.6 5.2 5.8 6.4
z (alg trk) k99 2.0 2.1 2.2 2.3 2.5 2.9 3.2 3.4 3.7
é 40((x trlk) 1.6 1.8 2.1 2.5 3.0 3.6 4.1 4.7 5.3 5.9 6.3
G (alg trk) Riks 2.6 2.6 2.7 2.9 3.0 3.2 376 3.6 3.8 4.0
& 50(x trk) 1.9 2.0 2.3 2.7 3.2 3.7 4.2 4.8 5.4 6.0 6.6
) (alg tirkk) 3.1 3.2 3.2 3.3 3.4 3.6 3.7 3.9 4.1 4.3 4.5
Z
2
0
&
g
&
8
- TO FIND.THE CROSS TRACK AND ALONG TRACK ERROR__ELEMENTS
o) ERROR AT THIS POINT, ENTER TABLE WITH TANGENT GROUND @
Z DISTANCE AND DISTANCE ALONG TRACK FROM o YA
e ! TANGENT POINT, i.e., when the distance to TP = AIRBORNE @
9 = VOR 3
g | 30 and the along track distanee = 60, the X track OME b i
g error is%.0 NM- and the along track error is82.7 NM. RNAV SYSTEM 0.55NM
| PILOT
O l CROSS-TRACK L0
Z-: 1 ALONG-TRACK ZERO
- —
DISTANCE ALONG TRACK
TABLE 3

Terminal waypoint displacement errors
apply to waypoints used in arrival and
departure procedures including Initiai
and Intermediatie approach waypwiints.

(Para 3
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FINAL AREA FIXD IISPLACEMBNT ERROR (% PRﬁIBSMIlll!Fﬂ)

DISTANICE ALONG TRACK FROM TANGENT POINT

DISTANCE FROM TANGENT POINT

¢

TANGENT DISTONQE

TO VORTAC

0 5 10 15 20
0(x trlk) .8 .9 1.2 1.4
((a ig ké)r k) o7 .7 o7 .8
5(x tak). .9 .9 E! 1.2 1.4
((allgﬂ%tlk)) .0 .7 . .8 )
10(x tirh) .9 .9 1.0 1.2 1.5
allg trk) .8 .8 .9 .9 1.0
15«x trik) .9 .9 1.1 1.3 1.5
(alg tt@) 1.1 1.1 1.1 1.2 1.2
20(x tri) .9 1.0 1.1 1.3 1.6
(alg trk) 1.3 1.4 1.4 1.4 1.5
25(x trlk) 1.0 1.1 1.2 1.4
(alg trek) 1.6 1.6 1.7 1.7
30(x trk) 1.2 1.2
((allg; telk) 1.9 1.9

TO FIND THE CROSS TRACK AND ALONG TRACK
ERROR AT THIS POINI, ENTER TABLE WITH TANGENT
DISTANICE AND DISTANICE ALONG TRACK FROM
TANGENT POIINT, i.e., when the distance to TP =

5 and the along track distance = 10, the X track

error istl .0 NM and the alomg track error is£.8 NM

a

Par 4

DISTANICE ALONG TRACK
TABLE 4

25 30
1.7 2.0
.9 1.0
1.7 2.0
1.0 1.1
1.7
1.1
1.8
1.3
ERROREEELMENSS
GROWND
VOR L%
DNE 0.1 NM
AIRBORNE
VOR 3.08
DME Fnar 0.5 NM

RNAV SYSTEM 0.5 NM
PILOT
CROSS-TRAGKK 0.5
ALONG-TRATK ZERO

Final waypoint displhxsment errors
apply to the waypoints used in the
Final approach segment. (para 4h)

Page 17 (and 18)
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SECTION LI

3D RMGAV CONSIDFPATIIONS

BACKGROUND, Adding a third di nension of vertical guidance to the two
di mensi onal RNAV system can achieve significant operational advantages.
Briefly, a 3D RNAV capability pemmits altitude change by falbyiine
vertical routes (tubes) of known dinensions thus vertical guidance is
avail able for stabilized descent in instrunment approach procedures
using conputed glide path information. In some cases, the conputed
glide path can make it possible to safely elimnate obstacles from
consideration. This section discusses the operational problens and
capabilities of 3D RNAV and provides criteria for vertical instrunent
flight procedures.

a. Level Flight RNAV Longitudinal and Vertical Errors.

() In level flight, the. plus or mfnus vertfieall position exror
is due to altinetry and flight technical errors. Current
standards for aircraft separation and obstacle clearance
allow for these errors, and in addition, provide an allowance
for atnospheric anomalies.

VERMI]M%R}M
E@
&

BASIC CONGERT

FI GURE 6. LEVEL FLIGHT VERTICAL ERRCR
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(2) Also, in level flight the conbination of ground station
ai rborne equipnment, and conputer errors produce a plus-or-mnus
| ongi tudinal position error called along-track error. Ne
flight technical error is involved

HORIZONTAL PROBABIOITY

N

FIGURE 7. ALONG TRACK ERRCOR

(3) Thus, providing airspace for aircraft in level flight using
RNAV is sinply a matter of containing the plus-or-mnus
vertical and longitudinal position errors as the aircraft
progresses along the intended flight path

VERMCALHHRR(ZONTAL PROBABILITY

s -
<—=—=}!§;;§§§é559 —_—

FI GURE 8. AIRSPACE IN LEVEL FLIGHT
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Vertical Flight RNAV Errors. To provide vertical guidance during
ascent or descent, the 3D RNAV equi pment conpares the indicated
altitude with the desired altitude and presents the .cafputer
correction instrunentally; typically in the form efffly up/fly down
cross pointer information. The conputation and conparison process
produces vertical position errors which are additional to those
affecting the aircraft in level flight

ADDITEOMAL VERTIGAL CONTREBUTION USING VNAV

FI GURE 9. ADDI TI ONAL ERROR ALLOMNCE FOR
ASCENDI NG/ DESCENDI NGFLIIGHT .

(1) The along-track error also has significance in vertically
guided flight. \en an aircraft is ahead or behind its

assumed position, it wll be either above or belowits
i ntended path

FI GURE 10. EFFECTS OF ALONG TRACK ERRCR
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(2) The angle at whfich clinb or descent is nade also affects the
tequired obstacl e cl earance because as the vertical afghe
increases, there is a eorrespondiiig: i ncrease in the effect
of the along-track error on the thickness of the tube.

m- _MR'MW-OX/VEWJ%EAR_ANCE_m

%‘

~_% & &
T~ SHALLOW ANGLE
-~ ~

%‘\ % F~
~¢& 4 &
\\ STEEPANGLE\
N
\

FIGURE 11. VAR ATIONS OF TUBE SI ZE T CONTAIN POSI TI ON
ERRORS AS VERTI CAL ANGLE | NCREASES.

CONCEPT _OF VERTI CAL OBSTACLE CLEARANCE. In prescribing obstacle clearance
for 3D RNAV, it is useful to think of thevertical route as beitge the
center of a tube of airspace. The lateral dime@nsion of the tube is the
width of the RKAV route as described in Section | of this appendix. The
vertical dinension of the tube is sufficient to contain the conmbined 3D
RNAV vertical errors. The longitudinal dinension of the tube is linted
only by its operational use; for exanple: The distance reguiited to clinb
10,000 feet at a clinb angle of 2°, or the descent from the final approach
waypeiitit t 0 t he m ssed approach waypeiisit at a descent angle of 3°. For
obstacle clearance, it is necessary to consider eally that portion of the
tube which is at and bel ow the designed vertical flight path. An aircraft
I s proteeited ffium obstacl es when no obstacl es penetrate the tube from bel ow

Page 22 Par 5
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70 OBSTACLE CLEARANCE REQUIREMENIS. 3D obstacle clearance requirenents
w Il be included in FAA Handbook 8260.3%, "U.S. Standard for Term nal

I nstrument Procedures (TERPs))..

NOTE:  Use of 3D RNAV on 2I) RNAV procedures is not prohibited. 2D RNAV
procedures are annotated with Flight Path Angles neasured fromthe TCH
at the runway threshol d waypwisit to the altitude at the Final Approach
ATD. These FPA may be flown as may any other FPA generated by the

ai rborne equi pnent PROVIDED that the mininum and maxinum al titudes
specified in the flight procedures or in Air Traffic Control clearances

are not violated.

Par 7 Page 23 (and 24)
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Appendix E

APPENDIX E. MAINTENANCE

MAINTENANCE. All maintenance will be performed in accordance with
FAR 43 and the manufacturer's instructions, or in accordance with a
manual under an approved maintenance procedure. Records of mainte=-
nance should be entered in the airplane maintenance records required
by FAR 43.9, or in the records required by the operator's approved
maintenance procedures. Following repair or alteration, the system
should be checked before predicating any operation on its use.
Compatibility of the airborne area navigation system replacement
components should be assured unless the replacement is of the same
make and model as those upon which original approval was based.

INSPECTION AND TEST PROCEDURES. Operators using aircraft under IFR
with an airborne area navigation system and not under an approved
maintenance procedure should establish procedures which will be used
to inspect and test the equipment periodically to determine that it
is operating in accordance with at least the accuracy specified in
Appendix A for minimum equipment. Such procedures should include a
method for analyzing malfunctions and defects to determine that the
established inspections and tests give reasonable assurance that

the equipment is maintaining its accuracy. Test and inspection pro-
cedures and intervals should be adjusted in accordance with the
results of the analysis.

Page 1
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APPENBIX F. AR CARRIERS/AIR TAXI AND COWMERCI AL OPERATORS OF LARGE
Al RCRAFT/ TRAVEL  CLUBS*

1. TRAINING PROGRAM This type of operator should outline the training
program he plans to set up to conply with the referenced FAR 121 parts.
Under these rules, the training programis acceptable if

a. It enconpasses all phases of the operation and fully covers al
responsibilities of flight crewnenbers, dispatchers and maintenance
per sonnel

ba Its technical content for pilots covers

(1) Theory and procedures, limtations, detection of nalfunctions,
preflight and inflight testing, cross-checking nethods, etc.
relating to the operations; and

(2) An operational explanation of all systens, together with a review
of navigation and flight planning

¢. Its recurrent training program includes area navigation training

d. Each pilot assigned as an operating crewrenber conpletes as mny trips
over a route or area (either in actual operation or,in part in an
approved sinulator or approved procedural trainer or training device)
under the supervision of an appropriate instructor or a check airman,
as may be necessary to:

(1) Ensure his qualification in the system and,

(2) Enable certification of his proficiency in the system as
required by Section 121.40L(®)..

e. The training programconforms with the above and is approved by a
representative of the Admnistrator

¥Wearedl Cubs will conformto the applicable parts of the above training
program

2. COPERATIONS MANUAL. Revisions to the operations manual should be provided
outlining all procedures and enphasizing the nethods for preflight and
inflight test and step-by-step operation of the area navigation equi pment.
The manual should contain procedures for continuing the flight with partia
or conplete area navigation equipnent failure

3. MN MM EQU PVENT LIST (MEL). For those conponents of the area navigation
equi pnent required for area navigation operations, MEL revisions wll be
needed and operations specifications will so specify. The MEL should
permt single system operation in dual system installations

4. AUTHORI ZATI ON. The operations specifications will contain the authoriza-
tion to use an area navigation system and identify the airborne equi pment

Par 1 Page 1
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5. APPROACH M N MIMS. For the initial six nonths-of RNAV eperations,,
approach mninums may be approved with an additional margim of 200 feet
and L/2 mle above the MDA and visibility mninums published on the
standard instrument approach procedure. At the end of that period,
the mininuns published on the standard instrument approach procedure
may be approved on a permanent basis if the operational reliability
has been satisfactorily denmonstrated during the initial six nonth peried.
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OPERATIONS SPECIFICATIDNS - EN RQWTE FLIGHT PROCEDURES

Fonn Appioved
Budget Bureau No. 04-ROS31!

OPERNTION AUTHORIZED

TYPE OF AIRCRAFT AUTHIQRI ZED

SPECIAIL REQUIREMENTS

T
ROUTE OR ROUTEE SEGMEMT via oAY NGHT _ |DG-9 -
™ AR ,
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1.

2.

Appendix G

APPENDIX G. GENERAL AVIATION

TRAINING PROGRAM. The operator should become thoroughly familiar with
the operation of his area navigation equipment before he uses this
equipment in an IFR environment. A recommended training program should:

a. Encompass all phases of the operation of the area navigation system.

b. Cover the theory of operation, setting procedures, familiarization,
detection of malfunctions, preflight and inflight testing and cross-
checking methods.

c. Include procedures for continuing the flight with partial or complete
area navigation equipment failure.

d. Provide that each operator of area navigation equipment will complete
a sufficient number of simulated IFR approaches, missed approaches,
departures and en route operations to ensure that he is competent
to operate the equipment.

APPROACH MINIMUMS. The accuracy of RNAV equipment which meets

only the minimum operational characteristics is such that a straight-in
landing cannot always be assured. Therefore, general aviation pilots
should not use lower than circling minimums unless they insure their

RNAV systems are capable of consistently placing their aircraft within the
final approach alignment tolerance.

The lowest minimums that may be authorized for operations that meet the
above performance are those published on the standard instrument approach
procedure,
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APPENDI X H. Al R TAXI

1. AR TAXES USI NG SMALL Al RCRAFT.

a. TRAINCNG PROGRAM  Th$s type operator should outline the training
program he plans to establish in conpliance with the training re-

qui renents of his operations specifications. A training programis
acceptable if:

(1) It enconpasses all phases of the operation and fully covers all
responsibilities of flight crewnembers and nmai nt enance personnel.

(2) Its technical content, for pilots, covers:

(a) Theory and procedures, limtations, detection of malfunctions,
preflight and inflightt testing, cross-checking methods, etc.,
relating to the operation; and,

(b) An operational explanation of all systens, a review of
navi gation and flight planning.

(3) Its recurrent training programincludes area navigation training.

(14 Each pilot assigned asan operating crewrenber conpletes as
many trips ovet a route or area (either in actuall operation or,
in part, in an approved simulator or approved procedural trainer
or training device) under the supervision of an instructor or a
check airman, as nmay be necessary to:

(a) Ensure his qualification in the system and,

(b) Enable certification of his proficiency in the system as
required by Section 135.131.

b. OPERATIONS MANUAL. Revisions to the operations manual should be
provided outlining all procedures and enphasizing the methods for
preflight and infllightt test and step-by-step operation of the area
navi gation equipnment. The manual should contain procedures for
continuing the flight navigation with partial or conplete area
navi gati on equi pment failure.

c. AUTHORI ZATI ON. The operations specifications will contain the
authorization to use an area navigation system and identify the
ai-rorme equi prent .

2. APPROACH MINIMWER. For the initial six nonths of RNAV operations,
approach mninuns may be approved with an additional nargin of 200 feet
and 1/2 mle above the MDA and visibility mninmuns published ‘m the
standard instrunment approach procedure. At the end of that period,
the mninums published on the standard instrument approach procedure
may be approved on a permanent basis if the operational reliability
has been satisfactorily demonstrated during the intiall six-nmonth period.
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APPENDI X 1.  COVPUTATI ON OF CROSS-TRACK AND ALONG TRACK ERROR COVPONENTS.

1

TRACK ERRCR.

L.

The track error table is devel oped by conbining the appropriate eross-
track and al ong-track ertokr veetokr derived from VOR, DME, RNAV equi p-
ment and piillotage eft6f val ues. The value printed out in the table is
the larger of the two possible vectors (left or right, fore or aft).
The mathematics used in these conputations for distance greater than
five mles are shown in subsequent paragraphs.

NOTE: This appendix is presented for information purposes and for
use by nmanufacturers who wish to develop tables for
certification of equipnent.

CROSS- TRACK.

a. Definitions.
= Distance from faeihiittw to the tangent point.

= Distance fromaircraft to the tangent PDeiimit.

Distance from facility to the aircraft.

The angle fornmed by the tangent point, facility
and the aircraft (faeility at Vortex).

= Gound VOR error.

TR o v ¥ 2

= Airborne VOR error.

Yoo A

DME ground error.

= B

DME ai r erraar X %Qﬂ‘Y NM whi chever is greater.

DIE = \ﬂ)GEQ + DAE?

VE = (oss track component of errors due to & and /3 :
DE = (Ooss track combenemit of errors due to DAE and DGE.
Pihet = Pilot error.

Comoa = Conputer error.
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b. VOR Component (VE)

arctan UH

2 2
Dy + Dy

VE= Ty - D Cos Am+v\v

c. DME Component (DE) ﬁ\\\)/;dﬂm

A

= o - - 2

D; D DIE = ./\ DAEZ + DGEZ

DE = DDE Cos &
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dl Totall expected ctoss-—tfrachk error (95%)_probabiilliitty

Al eross-tirack conponemits are combined by the "root-sum-sgeae"
fiethod as f ol | ows:

cross-track error = i‘/ vE’ + DEZ + Cotip? + Piillot:

3. ALONG-TRAGK.

a. Defimiittiienss

Pi = Distamee from faeiilliitty t 0 t angent point.

P2 = Distance from atireraffit to the tangent point.

D = Distance fromaircraft to the facility.

6 = The angl e forfied by the tangent point, facility
and the aircraft (facility at 'Vortex).

& = Gound VOR error.

Q = Airborne VOR error,

Y el th

DGE = Gound DME error.

DAE = DME air errar X %azr)[ NM whi chever is greater.

DEE = :?V/SE&?:Z iDAE2-

Ave = Along-track conponent of errors due to £ and g .

Ape = A ong-track conponent of errors due to DAE and DGE.

Pilot = Pilot error.

Cemp. = Conputer error.

Par 2 Page 3



AC 90-45A 2/21/75
Appendix I

b. VOR Component A><mv

: V__QJ

umumSAm-Vv
D

4

Dy =D Sin (@ - 7))

']
Ayg = Dy - Dy

Page 4
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A
Sin & = _DE
DTE
App - DIE Sin @

d. Total expected along-—track error (95%) probability.

A1l along-track components are combined by the '"root sum square"
method.

2 2 2 . 2
>Honmnnﬂmnwmnﬂ0ﬂ u|<\><m__ +>um+ooav+ Pilot
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APPENDI X J. COVPUTATI ON OF GEODESI C | NFORMVATI ON

1. METHOD. Mathewsitiosdl formullas used for geodetiic computattiions are de-
rived from a procedure develloped by Scthano (U.S. Army Engiineeir; Geodesy,
Intelllligemee and Mappiing Research and Devellopmenit Agenmy; Fort Bellwaiir,
Virgimia.) The method provides very good directt and inverse conjpur-
tationall compatiibiilliiftyy; it is used by the FAA for allll Roufte devellopmenit.

NOTE: This appemdiix is presented for informmatiem purposes and for use
by nmemuffacitirssss who wish to conpatre atirbotrme cofiputattiomdl processes.
Alll anglles are expressed i n degrees and di stances in Nauticall Milles..

2. COMPUTATION OF A GEODESIC LINE G VEN TWO CEBRET{C FOUES |

Gii weiti : B}3 Lj Geodesic Lat., Long. of Ph
gz), L3 Geodesic Lat., Long. of P3

And
F= 3.3901 x 1033

Ao = 3443.95594  (Semimajjor Axis of the Eartth)
Requiirredt:
A9 Aziinutth of Geodesiic from Py to P%

A21: Aziinuithh of Geodesiic froim P% to Pll

S; Geodesiic Length

Compute S (Geodesiic Length in Nautticall Milles)):

S= (1-8) A §}
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Where:
s;1= Y+ ﬁ%ﬁw E\G.E + X S».zz
_ v
+ .HMION M_rm (\M M-1) T. + X cot Eﬁ\lgxu% ¢ T> Ea-,»iﬁ-mswv: + (X m@

/T = wmm Arc Tan hWW
M = QN - mﬁa.m L oomN bm. OOmN \QM
= munw

o = T?m L Cos? BN + (Sin \DN cos [J, - sin \QH Cos \QN Cos 5& 1/2
@.= Sin \QH Sim \@ * Cos \QH Cos \bm Cos L
L if |1 =Eus0°

L =
ﬁ+wmo_|mﬂckiﬁ; > 186°

4

L' =1 - L,

A = Sin \wH sin (3,

b. = Arc Tan Twlmv Tan B;| for i =1, 2

1

Compute Aq, (Azimuth of Géodesfc from Py o P,)

Eef L = 0

A1y = .
Gr+ 180° ifL = ©
Where:
Arc Tan m + 180° if Arc Tan w < 0
Arc Tan m if Arc Tan m >0
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[\
I

Sin H Cos mw

b = Sin .\QN Cos \QH - Cos H Sin NWH Cos DN
R - Hm Sim L Cos ,xww Cos \wmg ﬁxg L

xnmi F2) - DA TAN+N4Q+E,N T@-m@?;fwooﬁﬁ

Compute Ap] 2m degrees (#zimuth Py to Pj)

O

\ if L=0
>NH =
V+180° i L > @
Where:
180° + Arc Tan M if Arc Tan W < 0
V =
Arc Tan M. if Arc Tan m =0

= Sin H Cos \wH

= 8&m \%m Cos \rw_, Cos K - Sin \uvu. Cos .\QN
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Conput ation of the Geodetic Description of a True Bearimg and Di stance From
A G ven Ceodetic Point.

G ven: B Geodesic Latitude of a Ph
Lh Ceodesic Longitude of a Ph

S Ceodesic Length

A!& Azi muth of CGeodesic from Pbl to P%

And:
= 3.3901 x 1073

Ao = 3443.95594
Requi r ed: B3 Ceodesic Latitude of P3
L% Geodesi ¢ Longi tude of P3

Agl Azimuth of Geodesic fon B% to Bl

Conput e B% CGeodesi ¢ Latitude

_ Tan 2
gz = Arc Tan [ 1-F :\

" \here:
_@ Ge,s)@ige,&ﬁcosAll%Sm /
?@a [@gg? @S‘K(Cos P cos & Cos A2, - Stn yﬂl Sin 1O )él 1'2
/O —ﬁ%li—zsmr-%&@ -%—08|n2r:-)+3-%§A%_ Sin 2r

22r -
Mlé [;22r . %&Sin 2t - 16¢ Cos? r + 1890 o021 gin 2

128 -2 |
+ AﬁW1E2 [1080 i ]
+ 16 /1( Sinr + 4k Cos r :%CoerInZI‘rJl
A =D [s&m? 81 cos r + cos f34 cos ay3 Sin ;ﬁ;smr]}
o= _ 1808

T (LA,
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h(l-cad )
1 +% Sin? ygl

ml = Arc Tan [(I-F)) Tan BLll

cos ég = €os ‘Qi Sin AI1§
E, = (teF)-% -1

W

h

Comput e L% (Geodesi ¢ Longitude)

w0, 1’13' 180
Al -
ﬁ 2]
Lp=
l# it Ly £ 180
Ly = L - v Cos ‘QS-L’C’
270 AYF2 _ 3 P2 90 S
=—_—=2 _Sinr —-FMFf r-- LN 2t
T .
P:G 180 if Sin P 20 and Sin A3 < 0

Lg +180 if Sin ) < 0 and Sin A3 2 0

N~

L. =
© {[.c 360 if Sin P & 0 and Sin A2 & 0

L. O her wi se

—

= Ac T SinIOSinAI1§ where -90g LcZ 90
e = Arc anCOS /8&00&@- Sin QlSin,@CosAllg c=

Comput e Geodesi ¢ Azi muth A3} in degrees
(Az’1 + 180°) if Sin A2 20

1 , . .
A21 if Sin AI1%<0
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Z+180" if <o
/
A1 =
Y if N>
- D
A = Arc Hmnw here o8o° =« A < 9o° (Principle Arc Tan)

N = Cos -NMU
D = Cos [3; Cos Aj, Cos ) - sin \@H Sie
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