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1.1

arCLIun |
INTRODUCTION AND
SUMMARY

Surmary of Volume 11

This volume describes the detailed design end final implementation of the software
for the 3D/4D Base and ILS and 20/Time Control Systems. The systems were con-
structed by modifying the software structure used for the ANS-70A Area Navigation

Sys tem.

A description of the 30/4D software effort requires some knowledge of the ANS-70A
software structure. A brief functional description of the ANS-70A software is

given in the following paragraphs.

Sections 2 and 3 describe the software modifications used to effect the BASE and
20/Time Control Systems respectively. Section 4 presents the RNAV to ILS inter-
face design procedure. Sections 5 and 6 present the development of the lateral
and Tongitudinal control Taws respectively. Program listings are found in the

appendices.

Overview of ANS-70A Software System

The ANS-70A software system has several different prior‘ty levels. The highest
level of software functions have been assigned to processor channels. Each channel
is allocated processing time on a sequential basis. Channels of particular interest
for the present treatment are the Navigation and CDU Application Channels. Major

functions assigned to these channels are illustrated in Figures Y-} and 1-2.

The classification of major functions fof the Navigation Channel remains unchanged
for the 3D/4D systems. Secondary functicns have been added to the software
modules that support the major taskc of Aircraft Systems Coupler (ASC) Input,
Lateral Navigation, and ASC Output. Navigation tasks that are unique to the

3D/4D Base and 2D Plus Time Control systems are described in Sections 2.0 and

3.0 respectively.

e o .




the COU Channel. In addition to providing software for the CDU interface,
this channel supervises tasks related to navigation support and Flight Plan

Management.

Background support for the navigation function is provided by routines called
the Radio Selection Program, Kalman Filter, and the Flight Plan Monitor. Each
of these programs is called on a cyclic basis by the CDU Main Program. The

first two routines are used without modification for the 3D/4D systems.

The Flight Plan Monitor serves as an interface between the Navigation sottware
and the Flight Plan Editor. A primary task for the Flight Plan Monitor con-
sists of retrieving flight plan parameters required by the Lateral and Vertical
Navigation routines. Another major task consists of supervising flight plan
maintenance that is required at waypoint passage. 3D/4D modificaticns to the

Flight Plan Monitor are given in later sections of this volume.

Figure 1-3  illustrates software interfaces that are required for Flight Plan
Management. Initial verification of flight plan revisions entered via the

CDU are performed by the CDU Software. If a given revision fails initial tests,
processing of the entry is discontinued and error annunciation is given on

the CDU scratchpad. Valid revisions are recorded in the Flight Event Table by
calling the Flight Plan Editor. Flight Plan parameters required by the
Navigation software are then updated by the Flight Plan Monitor.

In addition to recording flight plan revisions, the Flight Plan Editor performs
all geometry computations that are required as internal flight plan parameters
(e.g., distance and course information). The impact of Base Offsets on the

Flight Plan Editor is treated in Section 2.2.

et ot i v
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Section 2
3D/4D BASE SYSTENM

A major goal for the software design stage was to ¢ astruct a software package
that minimized the impact of 3D/4D operational requirements on the existing
ANS-70A Software Interfaces. In addition to ensuring system integrity,
additional goals consisted of ensuring flexibility for additional changes and
minimizing core requirements to the extent that software overlays could be

avoided.

A core reduction effort was required before the 30/40D tasks could be added to
tha ANS-70A configuration. Approximately 500 words of core were freed for
3D/4D usage by deleting software for Holding Patterns, the Inertial mode of
navigation, Heading and Armed modes, and Commanded Vertical Angle. An.addi-

tional 1500 words were gained by reducing the Data Base to 1000 words.

Once the COfe reduction effort was completed, the following major software
tasks were implemented:

1) External Data Files

2) Base Offsets

3) Speed Page

4) Speed Profile Algorithm

5) Time Control Algorithm

6) Navigation Modifications

7) ASC Modifications

Each of these items is explained in detail by sections 2.1 through 2.6.

Software and data interfaces required for the major software tasks are illus-
trated in Fioures 2.1 through 2.3. Routines for Base Offsets, the Speed Page,
the Speed Profile Algorithm, and the Time Control Algorithm are supervised by
the CDU Main Control Program. The ASC interface and navigation cémputations

are controlled by the Navigation Main Control Program.
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2.1

2.1.1

External Data Files

Program descriptions given in later sections of this volume reference data
parameters whose data declarations are external to the given programs. The
purpose of this section is to provide data descriptions for this external

data set.

Data parameters required by more than one program have becn classified by
function into three basic categories. Separate compilation units have been
assigned to each class of parameters for core allocation purposes. [ach unit
has been given a corresponding INSERT file which provides data declarations.
Programs that require data declarations for a given function include an INSERT

statement for the appropriate file.

The three basic EXTERNAL data files used for the Base System are 1) 3D/4D
External Data File, 2) Flight Plan Editor File, and 3) the Navigation Giobal
Tables File. A description of the data parameters assigned to each file is

given below.

30/4D External Data

The majority of EXTERNAL variables that are unique to the 3D/4D Task II effort
are defined by the 3D/4D External Data Insert and 3D/4D External Data Preset
files. Data definitions for this set of variables are given below.

Symbolic Name Asssigned Value Description

VALID 0 Used to assign a valid status to 3D/4D

Integer parameters that are treated
as voolean data.
INVALID 1 Used to assign an invalid status to

the same set of Integer parameters

described for the VALID synonym.

e g —————— e e g




The following list of synonyms are used for VCOMIF.

Synonym Assigned IAS Data Description
Name Value Display On
Progress ; i
Page
IASVALID 15 Value of IAS A valid commanded IAS has been
g that is main- calculated by the Time and Speed
tained in Control alaorithm.
VCOMI . ‘
NODATA 31 ——-- No IAS has been entered on the |

Speed Page.

IVGMT 14 GMT? Either GMT has not been entered
or. the Present Position Page, or
. a power interrupt of duration
: exceeding two seconds has
invalidated GMT.

IVTAS 13 TAS? The Air Data Sensor input for TAS
is invalid. o

i
4

IVALT n ALT? The Altimeter Sensor input for
' Baro Altitude is invalid.

s ¢ IVCOCH 7 CRS! A Teardrop Procedure is required 5
to capture at least one of the :
legs used for Time Control .

computations.
Integer Declarations ;
Symbolic Name Initial Value Descrigt{gﬂ
TASMSK "FFFFFFOO" . Mask used in "AND" operations for the

removal of the IASF component.

TFIX 0 ASCII identifier of the waypoint
assigned as the Time-Fix.

TCOM s 0 Commanded time of arrival for the
Time-Fix. TCOM is recorded in GUT
units (i.e., as a fraction of 1200

“hours). '
TFIXF Invalid Validity flag for TFIX.
VCOMIF Invalid Validity flag for VCOMI and VCOMT. 1
TCOMF Invalid Validity flag for TCOM. ;
! TIMERF Invalid Validity flag for TIMERR.
COMPRF INVALID Validity flag that is assigﬁed a VALID
status by the Flight Plan Monitor whend

ever a flight plan revision has occuried.
SPDPRF, the Speed Profile Routine, assigns
an INVALID status to COMPRF whenever
speed profile computations are performed.

1




Symbolic Name Initial Value Description
TCONF INVALID Validity flag that is assigned
a VALID status by the speed pro- ’

file routine whenever speed pro-
files are updated. TCONF is
assigned an INVALID status when-
ever Time Control computations
are performed.

; Real Declarations

% Symbolic Name Initial Value Description
MINR .000000011 Minimum magnitude that REAL num-
bers may be assigned on the
U-1108.
VCOMI .050 Commanded IAS displayed on the

Flight Progress Paae and IAS in-
strument. VYCOMI is a fraction of
1000 kts.

!

! : [

vceonT .050 Commanded TAS calculated by the Speed :
and Time Control Algoritha. ’

B s

MINRATE .038566097 Value of 40 kts/min Speed Gradient.
MINRATE = 1/{ (40 KT/MIN)/(1C00 KT LAT !
VEL BASE) * 60 MIN/HR * i
10.8039624 KRS LAT TIiE BASE } '

e s g e

o b 2

EARLY .0 Expected arrival time error for the
Time-Fix. EARLY is expressed in Lat-
eral Navigation Time Units. The Early
Lat: Display on the Flight Progress

El ' P.ge is based on the value of EARLY.

. ; A positive value indicates a late
status.

TIMERR .0 Magnitude of EARLY. TIMERR is used
by the CDU software for display of
EARLY/LATE data on the Progress Page.

. Y TR
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2.1.2 Flight Plan Editor Files
Lateral and vertical flight plan parameters maintained by the Flight Plan
tditor are illustrated in Figures 2-4 and 2-5. The IASR, [ASI, IASF,
POFSI, and POFSIC compcnents are the only parameters that are unique to the

3D/4D systems. Descriptions for this set of parameters are given below.

The compcaent structure for IAS parameters is given as follows:

0 23 24 3
IASI/IASR . IASF

The IASF component is used to record the status of the IAS entry. Synonyms

: used for this parameter are given below.

B <. ———

Synonym Name Assigned Va1pe Description
PIAS 7 Pilot-Defined IAS.
PRQUOTE 11 Profile IAS Displayed on the Speed
Page as ". :
PRDOWN 13 Profile IAS Displayed on the Speed i
Page as ¢ . }
PRUP 14 Profile IAS Displayed on the Speed i
Page as?. i
NOIAS 15 No IAS Specified.

The first 24 bits of the entry are used to record the actual IAS magnitude as
a REAL-valued fraction of 1000 kts. Although real arithmetic operations are

required for the 3D/4D Speed Control and Profile Algorithms, it is also

necessary to provide the capability of integer masking operations for the IASF

component. Thus, the user is provided with both REAL (IASR) and INTEGER (IASI)

e
>

compenent declarations for the IAS parameter.




| WORD
NUMBER

-3

® ~N o »

o

10
N

LABEL
VERS
ABEVHO

MEANING

Current Flight Plan_Vgﬁ§quv(V§R§f§)

: Absolute fven; Number for Event

CNTRHORD Control Eord

WYPTID
HYPTLAT

WYPTLONG

KYPTVAR

POFS/POFSF Parallel Offset (POFSFE)

AOFS
DFTO
APOF
CRSI
CRSO

AWYID

" IASR/IASI
1ASF

Ngxpoint 10

Waypoint Latitude
Waypoint Longitude

Magnetic Variation (Not Supplied by the Editor)

.AlonngraFk Offset and Status
.Distance from "T0" LE

.Along Path Offset (Always = AOES)
‘Course In

;Course Out

:Airway ID

;lndicated Airspeed Word and Flag

FICURE 2-4

Lateral Event Parameters Maintained by the

Flight Plan Editor




WORD
HUMBER LABEL MEANXNG

-3 VERS Current F11ght Plan Vers1on (VER:FE)
-2 ABEVNO Absolute Event Nunber for Event

-1 HTRHORD Contro1 Nord

0 WYPTID Waypoint ID
1 NYPTLAT Waypoint Latitude

2 hYPTLONu Waypoint Longitude
‘ ~-~3- 'QQ§E¥QAR _HNMaé;;£1c Va|1§1;;h (Not-§;§b11ed by-Ea:{or) o
4 POFS Parallel Offset (POFSFE) T Bk T
| 3 5 E AOFS - J.-\VA1ong Track Offset :
-—”6 i DFTO i ﬂ.D1stance from "T0" LE Sl
(-A; .>~;;6}-—”h‘m4 A{SGQ Path Offség'kAlways AOFS) ,
5 -éhﬂ".g;XI Aﬁ*ﬂ’HVert1cal Path Ang]é—iﬁ ~~—_é
f_.9 ”-\VEAO ‘ 'MV;;t1ca1 gggﬁ Ang]e Out 5 !
0 | Wititwe at ve Kb Sl
S P e i
!
3
FIGURE 2.5

Vertical Event Parameters ﬂaintained by the

Ff1ght Plan Editor




The POFS component is used to record both parallel and base offsets. This

component is defined as follows:

FOFS/POFSI POFSF

Ease and Parallel offsets are trea.ed as Real-valued fractions of = times
the radius of earth in nautical miles. The component declarations for POFS,
POFSI, and POFSF are similar in structure to IASR, IASI, and IASF, respec-
tively. Synonyms applicable to the POFSF component are given below. Figure
2-6 illustrates the Base Leg waypoints identified by the POFSF synonyms.

POFSF Synonyms

Symbolic_Name  Assigned Value Descrintion
PARALLEL 7 Identifies Parallel Offset Entry. The

synoaym “PARALLEL" serves a dual purpose.
The Flight Plan Editor monitors the POFSF
component. for one-tc-one replace edits to
determine the Insertion/Deletion of Parallel
Offsets for the Flight Plan. Procedures
that use the Flight Plan [ditor "GET" rou-
tines test the POFSF component for a value
of "PARALLEL" to determine the existence
of a Parallel Offset.

BASEQFST 8 Identifies the POFSI component as a base
offset. This value is used to inform the

Flight Plan Editor that the Flight Plan

Revision is for a Base Offset.




;;;ic)ic Hlame Assigned Value Description

STRT90 13 Identifies initial waypoint associated|
with a base offset that provides a |
90 degree capture with the localizer !

leg. ; !

ENDI0 11 Identifies final waypoint associated
with a base offset that provides
90 degree localizer capture.

STRTBASE 12 Identifies initial waypoint asssciated
with a base offset that provides a
shallow capture of the localizer leg.

ENDBASE 10 Identifies waypoint whose CRSI compon-
ent defines the Gase Leg for a Base
Offset defined for a shallow
localizer capture angle.

INTERCEP 9 Identifies waypoint whose CRSI and
CRSO components define the intercept
point for localizer capture.

NOPOFS 15 No offset entry has been made.

CANCEL . 14 Identifies an edit that cancels an
existing offset.

POFSE 1s used to record the value of an existing Perallel or Case Offset.

PFSTAT is used to record the present status of offsets. Synonyms PARALLEL,

BASEOFST, and NOPOFS are used to indicate offset status.

With the exception of the Flight Plan Ecitor, POFSFE and PFSTAT are treated as
read-only parameters. Any requirecment to chaﬁge the offset parameters is
accomplished via a one-to-one replace edit with the desired change specified

via the POFS comporent.

1




2.1.3 Navigation Global Tables
External parameters recuired for navigation computations are storced in the
Navigatior Global Tables. A single version of this file is used for all three
Task 11 systems. The remaining portion of this section describes 30/4D modi-

fications to the Navigation Global Tables.

The ANS-70A version of the ADHD table has been expanded to include sensor
inputs for Indicated Airspeed Error, Localizer Deviation, Glideslope Deviation,
and HSI Course Input. A description of the ADHD components used for the 3D/4D
systems is given below.

Syrbolic Component Validity
Name Position Description Flag

LAT 0 Aircraft Latitude as maintained N/A
by the Lateral Filter.

LONG 1 Aircraft Longitude as maintained N/A
by the Lateral Filter.

PSIM 2 Magnetic Heading PSMF

BALT 3 Barometric Altitude BALF

TAS 4 True Air Speed TASF

VRT 5 Vertical Rate (not input for the N/A
30/4D system)

PALT 6 Pressure Altitude (not input for N/A
the 30/4D system)

DELV 7 Indicated Rir Speed Error DELVF

LOC 8 Localizer Deviation LOCF
GS 9 Glideslope Deviation GSF
HSICRS 10 HSI Course Input HSICRSF




ANS-70A Lateral Deviation computations always reference the parent waypoint of

the Lateral To-Event. Similar computations for the 3D/4D system use the leg

intersection of the path actually being flown as the frame of reference. The

following set of parameters is used for this task:

Symbolic
Rame

TOLEG

BFLEG

BTLEG

DILEG

Description
Array used to record the coordinates of the leg intersection
defined for the Lateral To-tvent.

Work area used to record bearing from the leg intersection
to the aircraft.

Work area used to record bearing from the aircraft to the
leg intersection.

Distance between the aircraft and the oncoming leg intersection.

Parameters used to record ASC input discretes that ave unique to the 30/4D

systems are given below.

Symbolic
Name

APENG

RNAVENG

VNAVENG

Description

Status of the Auto-Pilot-Ergaged discrete. /FPENG is assigned a

TRUE status whenever the Area Nav system is coupled to the Auto-
Pilot.

Status of the RNAV-Engaged discrete. RNAVENG is assigned a TRUC
status whenever the RNAV system provides lateral navigation and

possibly lateral steering.

Status of the VNAV-[ngaged discrete. VNAVENG is assigned a TRUE
status whenever the RNAV system provides vertical navigation and

possibly vertical steering.

19
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2.2

Base QOffsets

Figure 2-6 illustrates the software interfaces that have been implemented
for the Base Offsec function. The key interface is provided by the Flight
Plan [ditor Utility Module. A description of this module wil)l follow a brief
summary of the roles played by the CDU Line-Select and Flight Plan Monitor

modules.

Classification of a COU scratch-pad entry as a candidate for a Base Offset is
performed by the COU software. Base Offset entries are permitted for waypoints
that appear on the Flight Plan, Progress, or Speed pages. Valid candidates

are passed onto the Flight Plan Editor Utility Module for additional processing.
"ERROR" is annunciated on the scratch-pad if either of the following conditions
invalidates the edit: range tests are failed, or the existing flight plan

already includes a parallel offset.

Automatic cancellation of an existing Base Offset occurs following passage of
the last waypoint associated with the given offset. This task is performed by

the Flight Plan Monitor. The Base Offset is cancelled whenever waypoint

passage occurs for the waypoint whose POFSF component has an assigned value r 5

of INTERCEP or END9O.

The Flight Plan Editor Utility Module provides an interface between the CDU
software and a modified version of the ANS-70A Flight Plan Editor. All flight
plan revisions entered by the pilot are routed through this module. Most of
the major software tasks required for the Base Offset function are provided by
this module. The rewafning portion of the section provides a description of

tasks that have been implemented for the Flight Plan Editor.

A primary task consists of verifying geometry requirements for Base Offset

entries. Figure 2-7 illustrates the basic geometries for Base Offsets.

20




Geometry requirements for the Two-Waypoint configuration are given as

follows:
i (1) X = []cocH(w;_)-90°|<2°

and |POFS(WKPTR)[*(1X/180°)<0.2 NM
(2) I
X=||[: COCH(NJ)I-18O°|:2°

J=I-1
and |POFS(WKPTR)|*(nX/180°)<0.2 NM
and Y = ||C0CH(NI)I-90°I:2°
and [POFS(KKPTR)[‘(EY/180°)59.2 NM
Geometry tests that must *2 performed for the Three-Waypoint configuration

are given as:

(1) x= |[cocu(wl_])|-90°l52°
and |POFS (UKPTR) |*(11X/180°)<0.2 NM
I+
(2) x=||[ £ cocH(w )]|-90°|<2°
g=1 J .
and lPOFS(WKPTR)[*(HX/180°)<O.2 NM

and Y = ll[ z COCH(V )1[-130°| <2°

and ]POFS(HKPTR)l*(nY/]SO):p.Z NM

This set of tests is intended to provide protection against absurd offset
geowetries. If the gecmetry is found to be valid, POFS and POFSF components
are updated for the offset waypoints and recorded in the Flight Event Table.
If the geometry requirements are not met, control is returned to the CDU soft-
ware. In either case, a return argument is used to indicate the status of

the Base Offset entry.

21
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- A second major task consists of enforcing a set of operational rules that
have been imposed ¢+ .11 flight plan revisions. The purpose of this set of
rules is to insure that flight plan revisions do not invalidate the geometry

for an existing Base Offset.

Special operaticnal rules are required for DIRECT TO entries. As with the
ANS-70A system, an existing Parallel Offset is cancelled whenever a valid
DIRECT TO revision is made. A Base Offset, however, is cancelled only if the
resulting flight plan revision affects the Base Offset waypoint configuration.
A summary of the logic used to cancel Base Offsets for DIRECT TO entries is

given in Table 2-1.

Operational rules that are implemented for remaining flight plan revisions are
given as follows: .
1) A Base Offset entry is to be inhibited whenever the current flight
plan includes a Parallel Offset. The converse is also true, i.e.,
a Parallel Offset entry is not allowed for ¢ flight plan that
already includes a Base Offset. |
2) The magnitude of an existing Base Offset may be revised at any time.
A Parallel Offset may be overwritten at any time by entering another
Parallel Offset into the flight plan. :
3) No flight plan revision is allowed that would change the geometry

of an existing Base Offset configuration.

Table 2-2 provides a summary of the logic that has been implemented for the.
abo.e set of rules. PFSTAT, which appears in the table, is a parameter which
is used to record current offset status. PFSTAT has three possible states:
BASEQOFST, PARALLEL, or NOPOFS. POFSF is an input parameter that is used to
identify a flight plan revision. POFSF is assigned one of 4 possibie states .

22
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by the calling program: BASEOFST, PARALLEL, NOPOFS, or CANCEL. A description

of this set of data parameters is given in Section 2.1.2.

The Utility Module provides four routines that are called by the CDU software.
The ADDAD and REPLY4D routines are used for all flight plan revisions that
occur on the Flight Plan, Speed, and Progress pages. The ADDDIR and REPDIR
routines are called for DIRECT TO edits. Program listings for this set of

routines are given in Appendix A.
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Basic Geometries for Base Offsets




Type of DIRECT TO Requirements for cancelling an

existing Fasa Offset

DIRECT TO the TO- The TO-Waypoint must be a Base

Waypoint Offset waypoint.

DIRECT TO the The TO-Waypoint must be a Base
Scratchpad entry O0ffset waypoint.

D'RECT TO a waypoint The flight plan must contain a
in the flight plan other > Base Offset waypoint that is
than the TO-Waypoint entered either at or before the

"DIRECT TO waypoint."

TABLE 2-1

0perétiona1 rules used to cancel Base Offsets

~ for DIRECT TO entries
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2.3

Speed Profile Algorithm

Software interfaces required for implementation of the Speed Profile
Algorithm are shown in Figure 2-8. An IAS entry on the Speed Page i;
recorded as a flight plan parameter in the Flight Event Table. A des-

cription of the IAS parameter was given in Section 2.1.2.

Speed profile computations are implemented within the COU channel by a
routine called SPOTRF. Computations are performed whenever a flight plan

revisions occurs.

Special logic is required for the From-Waypoint. This waypoint is always

treated as a speed-control waypoint whenever the flight plan contains an

IAS entry. This is done to ensure that a speed profile presently being flown

will not be changed at waypoint passage.

The task description for SPDPRF is given below. A diagram illustrating the
use of program parameters is given in Figure 2-9. A program listing of

SPDPRF is given in Appendix B.




Task Specification for SPDPRF

Procedure Type
Integer Procedure SPDPRF

Module
3D/4D Time and Speed Algorithms

Task Summary
Speed profile computations are performed for all lateral events that are not
considered to be speed-control waypoints. (Speed-Control waypoints are way-
points for which speed has been entered via the COU.) The lateral FROM-event
is treated as a speed-control waypoint to ensure that a speed profile presently

being flown will not change at waypoint passage. Results of profile computa-
tions are recorded in the IASR/IASI/IASF component structure for lateral events.

Notation _
W(J) Used to denote the Jth lateral event
IASR(J)  Used to denote the value of the IASR component for W(J). Similar
notation is used for other couponents defined by the Flight Plan
Editor.
Internal Data Structures
Integer Data

FRST Absolute Lateral Event Number Index for the -initial speed-
control waypoint of a given profile.

LAST  Absolute Lateral Event Number fndex for the final speed-
control waypoint of a given profile.

FRST.STATUS Used to record the validity of FRST for a given profile.
LAST. STATUS Used to record the validity of LAST for a given profile.
J Absolute Event number of the Jth lateral event.

29

B e




Real Data
PROFDST
DVEL
DJ
DELDIST
n

AVEV

T2

DpP
Calling Sequence

SPDPRF()

Return Values

The along-track distance between W(FRST) and W(LAST).
The velocity change between W(J-1) and W(LAST).

The along-track distance between W(J-1) and W(J).

The along-track distance between W(J) and W(LAST).

The time required to fly from W(J-1) to W(LAST) at a
rate of 40 knots/minute.

The average velocity required for a linear speed profile
between N?J-l) and W(LAST).

The time required to fly from W(J-1) to W(LAST) assuming
a constant velocity of AVEV.

The distance required to realize a velocity change of
DVEL at the rate of greater than or equal to 40 knots/
minute.

Speeds assigned to intermediate profile points are recorded in the Flight
Plan Editor's FET structure. 2

Task Description

IF a flight plan revision has occurrea since the last speed profile computation

THEN

BEGIN -+ SPDPRF loop.

Starting with the FROM-waypoint, scan the flight plan for a speed entry.

IF no speed entry has been found

THEN

BEGIN No Speed Entry loop.

Update bookkeeping to indicate that another attempt to compute speed

profiles is not required for the present flightp lan (this is intended

to assist CDU keyboard response time).

30
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i ‘ RETURN to calling program.

END No Speed cntry loop.
Assign the first speed to the FROM-waypoint.
Tag the FROM-waypoint as FRST.

Assign VALID to FRST.STATUS.
. WHILE FRST.STATUS EQL VALID DO

BEGIN ...FRST Valid loop ‘ i

Assign INVALID to LAST.STATUS |

Starting with W(FRST+1) scan the flight plan for a speed-control : '
waypoint.

IF the speed-control waypoint is found
THEN
BEGIN ... LAST Valid loop
Assign VALID to LAST.STATUS.

Tag the speed-control waypoint as LAST. !

Determine PROFDST, the along-track distance between W(FRST) e i i
and W(LAST).

IF LAST NEQ (FRST+1) ...Note that speed profile computations, :
i.e., the Profile loop, vill be hypassed if successive lateral
events are defined as speed-control waypoints.

P S ——

" THEN ;
| BEGIN  ...Profile loop. .
IF the speed for W(FRST) and W(LAST) are euqal
THEN
BEGIN ...Same .Speed loop. .
FOR J=(FRST+1) STEP 1 UNTIL LAST DO
BEGIN ...Assign Same Speed loop

Assign the speed for W{FRST) to W(J).




E | IASR(J)=SQRT[v02+(vF2-v02)tﬁg§g
E Where:

|
|

D=DJ
V°=IASR(J-1)

vF=XAsR(LA5T)
DPP=DJ+DELDIST

Assign either PRUP or PRDOWN to the IASF component
of W(J) for CDU display purposes.

END ...Linear loop

ELSE ...At this point it has been determined that an
average speed rate less than 40 kts/min is required
to fly from W(J-1) to W(LAST). .
IF an average rate of less than 40 kts/min is also
required to fly trom W(J) to W(LAST), assign

b¥ IASR(J-1) to IASR(J).

4 BEGIN  ...40 Kts/Min Toop

Determine DFP, the distance required to realize a i
velocity change of DVEL at the rate of 40 Kts/Min,

-
DPP=T1*AVEV

IF the distance, DELDIST, between W(J) and W(LAST)
is greater than or equal to DPP :

THEN
BEGIN ...No Change loop

Assign IASR(J-1) to IASR(J) and
PRQUOTE to IASR(J). .

END ...No Change loop
ELSE
BEGIN ...Min Rate Zone loop

Calculate a velocity for W(J) that is based on
a 40 kt/min velocity rate between W(J-1) and W(J),
j.e.,

4 o rn 2oy B30 0
IASR(9)=SCOTLVy ™+ (VE" =¥y " ) gppd
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Where
V0~lASR(J-1)
VF-IASR(LAST)
D=DPP-DELDIST

Assign either PRUP or PRDOWN to IASR(J-1).

ErNd ««.Min Rate Zone Toop
END ...Min Rate Zone loop
END ...Yelocity Change loop

END ...Profile loop

Define parameters for next cycle of FRST.VALUE loop:

FRST=LAST.

FRST.STATUS=LAST.STATUS.

LAST.STATUS=INVALID

END ... LAST valid loop

END ...FRST Valid loop

Update bookkeeping to indicate that speed profile computations have
been performed tfor the existing flight plan.

END ... SPDPRF 1oo0p
RETURN to calling program.
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2.4

2.4.1

Time Control Algorithm

Figure 2-8 illustrates the basic software interfaces required for maintenance
of the Time Control parameters. Data declarations for the Time Control Para-
meters were given in Section 2.1.1. With the exception of aircraft sensor
data, all parameters are maintained by procedures that are called by the CDU
Main Control procedure. The Time Fix and Commanded Arrival Time are CDU
entries made on the Flight Progress Page. The same page is used to display
the software computations for Commanded IAS and Arrival Time Error (Early/Late
Indication). The Flight Plan Monitor monitors waypoint passage of the Time-

Fix to determine the necessity of invalidating algorithm computations.

CDU Display of Time Control Parameters
The last two line pairs of the Flight Progress Page are used for the display
of Time Control parameters. Data declarations for this set of parameters are
given in Section 2.1.1. Line pair #5 provides information for the Time-Fix,
TFIX, Commanded Arrival Time, TCOM, and Commanded Air Speed, VCOMI. The
validity flags TFIXF and TCOMF are monitored to determine the need to display
blank data fields for TFIX and TCOM, respectively. The value stored in VCOMI
is displayed for the Commanded Air Speed data field whenever VCOMIF has an
assigned value of IASVALID.

Line pair #6 is used for the Early/Late and Navigation Downmode displays.

The latter function is identical to that defined for the ANS-70A system.
Values for the Early/Late display are recorded in TIMERR and EARLY. The EARLY
label is displayed whenever EARLY is ya]id and negative; LATE is displayed for
a valid positive value. The value recorded in TIMERR is used for display of
the Early/Late data line. No display is required for the Early/lLate label and
data lines whenever the validity flag TIMERF is assigned an INVALID status.




2.4.2

2.4.3

r—v“—,--.ﬁf--w S ot

CDU Line-Select Operations
Line pair #5 for the Flight Progress Page provides the pilot with the capa-
bility of designating a waypoint as the Time-Fix and a Commanded Arrival Time
for this waypoint. The two data fields used to enter this irformation may be

entered (or revised) separately or simultaneously.

Rules governing line-select entries are as follows:

TIME Entries:

1) The same range checks used for GMT entries on the Present Position Page
apply to the Time Entry.

2) The value of the Time Eniry is recorded in TCOM and the associated
validity flag, TCOMF, is assigned a VALID status.

WAYPOINT Entries:

1) The waypoint must be stored in the Flight Plan prior to the WAYPOINT
entry on the Flight Progress Page.

2) A valid entry is fecorded in TFIX. TFIXF is assigaed a VALID status to

indicate that a Time-Fix has been designated.

A single scratch pad entry of a minus (-) sign is used to invalidate both
fields. An INVALID status is assigned to both TFIXF and TCOMF whenever this

entry is made.

Functional Description of Time Control Algorithm

The description of the Time Control Algorithm uses the following notation:

i Subscript used to represent the iTH waypoint. The following
values of i will be of special significance:
i =0 For the FROM-WAYPOINT

1 For the TO-WAYPOINT
T For the waypoint designated as the time-fix.

W, The iTH waypoint.

CRSi The course into wi as given by the flight p\an.
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NATKi The along-track component of wind for W is NATK1 = ~(NWDN*
COS(CRS.g + EWND * SIN(CRS,) ), where NWND and 'EWND represent
present lateral filter estimates for north and east wind
components, respectively. NATK] denotes the present along-track
component of wind.

VNOM The nominal value for present commanded TAS. VNOM is a
function of VO’ Vl' the time estimated to fly the along-

path- distance between ¥y and Wys and the actual distance
from the aircraft to the TO waypoint.

VCOM The present commanded IAS of the aircraft. VCOM represents
i the commanded IAS displayed on the Flight Progress Page.
VCoM The present commanded TAS of the aircraft.
VACT Air data sensor input for present aircraft TAS.
VACT Present aircraft IAS as given by the speed and time
control algorithm. :
Vi The IAS-(Indicated Air Speed) associated with Wi. - 3
Vi The TAS (True Air Speed) associated with Wi.

1TGEUM1 The commanded (actual) time required to reach Wi. In
particular, the commanded time required to reach the
desired time fix, TTGLUMy, is given by TTGUOM;=(Time

commanded to arrive at the time fix) - (Present Time).

"GNOMi The nominal time required to reach Wi. iTGNGMi is a
function of IAS entries and flight path geometry.

0,  The leg distance between Wi_y and Wi. D, is defined
as the actual distance from.the aircraft to the To-
Waypoint.
01' That portion of D, that is to be flown at a constant speed:
01" That portion of Di that requires a velocity change.

An important concept of the Task II Speed Control Philosophy is the utilization
of minimum 40 knot/minute speed change profiles. Pilot reaction to speed changes

is not required until a minimum speed change of 40 knots/minute is needed to

reach-a desired airspeed. This means that the speed profile for any given leg

may be presented as one of the two situations depicted in Figure 10.
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Ignoring wind, let K denote the proportionality factor that
represents the proportion of nominal speed that is required to
arrive at the time fix on schedule (K=1 if no change in the nominal
profile is required to meet the desired schedule).

Then VCON = K*VRDM where K is to be determined from the relation:

K = TTGROM/TTGCOM

As noted before, TTEEEE} is merely the difference between the -
time (GMT) commanded to arrive at NT and the present time (Present
value of GMT). TTENGE} is given by summing the nominal times
required to fly all legs until NT.is reached, i.e.,

Trenow, = e+ M8
V0+NATK] '(V0+V])/2*NATK]
T s s it
PR (Du + Dl

e ).
i=2 WV, _#WATK, | (V, 1V, )/200ATK,

In the above expression, MTG=MTG'+MGT" is the actual distance from
the aircraft to the To-Waypoint. MTG' and MTG" are analogous to
Di' and D;"s respectively.

Having found K, the_value of the commanded TAS for the present leg
is given by VCOM=K*VNOM. The best ayailablel

along-track component of wind for the present leg is given by using
the Lateral Filter's Estimatcs for north and east wind components.
This dynamic computation for along-track wind cannot be proportionately
modified for the remaining portion of the present leg. At best, it
may only be used to directly modify the dynamic computations for
OM and VNOM . Thus, y

VCOM + W = K*(VNOM + WATK]) or

VOO = K*VNOM + WATK1*(K-1). where WATK, represents the present component
of along-track wind.
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VCOM  represents the present commanded true air speed that {is necessary to
arrive at “T on time. The corresponding commanded IAS is compufed by the
relationship

VCoM = (1~K]h) * VCOM

The value used for K] is the value relating present IAS to present TAS and
is computed as follows. The present aircraft IAS (VACT) is not directly
available to the computer but can be computed from the IAS command (VCOM) and
IAS airspeed error ( AV) signals which are available from the max allowable
airspeed instrument, i.e.,

VACT = VCOM + a V.
Present values for aircraft TAS (VACT) and altitude (h) are resident in the
RNAV computer memory. Using the relationship

VACT = VACT (1 - K;h),
the altitude proportionality constant, K], may then be détermined by combining

the above equations, i.e.,

(1-K;h) = (VCOM + aV)/VACT
and Ky = (VACT-VCOM-aV)/ (h*VACT)

With h in feet, K; should vary from 0.00001 to 0.000015. Because of
sensitivity problems as h becomes small, K] is to be limited to the

above values in the IAS to TAS speed conversions. In the TAS to IAS
conversion regarding the commanded velocity the (I-K]h) ratio can

be used directly, avoiding any sensitivity problem.

The Commanded Speed displayed on the Flight Progress Page is then
given by:

VCOM = (1-K]*h)*VCOM

The final portion of the algorithm deals with the early/late
computation. This computation is based upon the expected time error
at the time-fix that would result by flying the present leg at the
actual rather than commanded TAS.




aircraft to NT. The modification consists of using

actual distance from the aircraft to the To-waypoint
for the present leg.

!
s 11
4 3
!
As before, let: |
VCOM Reprasent the present value for commanded TAS.
TTGCGMT Represent the commanded time required to reach wT.
VACT Represent the present air data sensor input for TAS. |
Also, let: '
DT Represent the modified along-track distance from the l |

iiﬁKCiT Represent the time required to traverse DT assuming
a TAS of VACT.

Since the Distance, DT' must be flown to arrive at WT using either 2'
velocity, it follows that:

DT = (VACT + NATK]) e iTGACTT

} = (VCOR + WATK;) * TTGCOM,

; The expected time error, TIiGAC T-TTGCOMT is then given by:
L (TTGACT,-TTGCOM;) = TTGCONT * Iaco' M+ WATK, )
: (VACT + WATK))

where a positive error is to be displayed as a LATE indication.

4)




FIGURE 2-10

Speed Profiles

Di"'O whenever vi_]=vi and Di'=0 whenever a speed change in excess

of 40 KTS/Min is required for the entire leg distance Di'




2.4.4

Software Implementation of the Algorithm
Algorithm computations are performed bty procedure TIMCNTRL. Although control
is given to this procedure every cycle by the CDU Main Control Program, compu-
tations are only attempted whenever either 1) ten seconds have elapsed since
the last algorithm computation, or 2) a Flight Plan revision has occurred

since the last execution of the algorithm.

Since TIMCNTRL is a procedure called within the CDU channel, it is possible 3
for sensor data maintained by the Navigation channel to change during any
given execution of the algorithm. To ensure that the same set of parameters
is used for a given algorithm computation, it is necessary to take a smapshot

of the sensor data as part of the initialization logic for the algorithm.

A task description for TIMCNTRL is given below. A program Tisting of TIMCNTRL
is given in Appendix C.

Task Specification
For TIMCNTRL

Procedure Type

Procedure TIMCNTRL( )
Module

4D Time and Speed Algorithms
Task Summary

The Time and Speed Control Algorithm is based upon speed and time errors
with respect to a waypoint (the Time-Fix) for which an arrival time has

been assigned. The value calculated for VCOMI, the Commanded Velocity . 14
displayed on the Flight Progress Page, represents the present indicated
air speed that should be flown to arrive at the Time-Fix on schedule. The i
computation for TIMERR provides the best estimate of the total time error §%
that is expected for the desired arrival time. Computations for VCOMI are i
provided whenever the Present Flight Plan, exclusive of the From-event, '
contains at least one speed waypoint. The computation for TIMERR is made ?
whenever the validity flag WFIXF indicates that a Time-Fix has been defined '
for the system. g




Notation
w(J) Used to denote the Jth Lateral Event.
IASR(J) Used to denote the value of the IASR component for W(J). Similar
notation is used for other components defined by the Flight Plan
Editor.
Internal Data Structure

Synonyms

INITEVNO Initial Absolute Event Number required for retrieval
of event data from the Flight Plan Editor.

Integer Data ' i

J Event Number for the Jth Event.

CNTRL Control parameter for the main loop.
VTIMF Flag used to control computations for the case where

a Time-Fix has not been entered but VCOMI 1s to be
calcu]ated for the To-waypownt el

- -

Real Data
PREVIASR Temporary storage used to record IASR(J-1).
PREVDFTO Temporary storage used to record DFTO(J-1).
TTGACT Present estimate of actual timé required to reach
the Time-Fix.
TTGCOM Cormanded time to reach the Time-Fix.
COCHPREV Temporary storage used to }ecord CRSO(J-1)-CRSI(J-1).
g Altitude used for IAS to TAS conversion.
LEGDST Along-track distance from W(J-1) to W(J).
WATK The along-track component of wind applied to W(J).
WATKTO _ -The along-track component of wind applied to the leg
presently being flown.
KALT The altitude proportiunality constant used for conversions
’ betwegn IAS and TAS.
TASPREYV Temnorary Etorage used to record computed TAS for W(J-1).
TASJ Temporary storage used to record computed TAS for W(J).
by The speed change between W(J-1) and W(J). A
n The time required to fly from W(J-1) to W(J) at . rate
‘ - of 40 kts/min. . :
_ % 44 ; 7
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AVEV The average ground velocity required for a linear speed
profile between W(J-1) and W(LAST).

T2 The time required to fly from W(J-1) to W(J) assuming a
constant velocity of AVEV.

ppp The portion of the leg betwecn W(J-1) and W(J) that
requires a speed change.

DELT The expected time required to fly from W(J-1) to W(C).

pP The portion of the leg between W(J-1) and W(J) that should
be flown at the velocity assigned to W{.)-1).

GMTCONV Conversion factor used to convert GMT to navigation time
units.

VGNOM Nominal ground velocity calculated for the present leg.

KSCALE Scaling factor used to protect against overflow.

Calling Sequence
TIMCNTRL( )
Return Values

VCOMI Commanded IAS for the present leg that is to be displayed on
the Flight Progress Page and IAS instrument.

VCOMIF Validity flag for VCOMI.
TIMERR Expected time error for arrival at the Time-Fix.
TIMERF  Validity flag for TIMERR.
Task Description
IF 10 seconds.have not elapsed since the last execution of the Time Control Algorithm
AND a Flight Plan revision has not occurred since the last cycle
THEN RETURN to calling program.
Update own clock reading.
Update own version of Flight Plan Revision number
Assign INVALID status to TIMERF, the validity flag for arrival tiwme error.

Comment: assign an initial validity status to VCOMIF, the validity flag for
commanded IAS.

IF VCOMIF=

IF invalid GMT THEN IVGMT

ELSE IF invalid aircraft true air speed THEN IVTAS

ELSE IF invalid aircraft altitude THEN IVALT :

ELSE NODATA) NEQ NODATA 45
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'HEN RETURN to calling program.
F the Lateral From-event is invalid
OR no speed is defined for this event

THEN RETURN to the calling program. Note that VCOMIF will have a value of
NODATA and TIMERF will have an INVALID STATUS.

Comment: Keep a snapshot of sensor data, i.e.,

ACTAS = Aircraft True Air Speed
ACALT = Aircraft Altitude
ACIASERR = IAS Instrument Error
ACNWND = North Component of Wind
ACEWND = East Component of Wind

n

\ssign IASR component of the Lateral From-Event to PREVIASR.
\ssign DFTO(FROM) to PREVDFTO.

[nitialize event number index by assigning INITEVNO to J.
‘nitialize nominal time-to-go, TTGNOM, to 0.0.

-nitialize COCHPREV to value of CRSO(FROM)-CRSO(FROM).

\Issign an initial status of VALID to VTIMF to ensure computations are performed
‘or TO-waypoint.

IHILE the Jth event is not the Time-Fix.

AND the (J=J+1)th event is valid.
AND VTIMF EQL VALID.

GIN ...‘Calculate TTG block.
IF event J is a Vertical event
THEN
BEGIN ...Vertical Event block
IF event J is the Vertical TO-event
THEN assign value of ACALT to HZ.
ELSE assign ALTD(J) to HZ.

END ...Vertical Event block
ELSE
IF event J is a Lateral event - ...Note that End-Of-Continuity events

are bypassed.

L1




THEN
BEGIN ...Lateral Event block

Calculate LEGDST, the distance from W(J-1) to W(J), i.e.,

PV

LEGDST=DFTO(J)-PREVDFTO.
Update PREVDFTO to value of DFTQ(J).

Calculate WATK, the along-track component of wind, i.e.,

WATK=~ (ACNWND*COS (CRSI(J) )+
ACEWND*SIN(CRSI(J))).

Calculate KALT, the altitude proprotionality constant, i.e.,

KALT=[ACTAS -vCOMI-ACIASERR]
(RZ*ACTAS ]

Limit KALT to the interval (.00001, .000015)
Convert IAS for W(J-1) to TAS, i.e.,

TASPREV=PREVIASR : ' :
T1.0-HZ*RALT el

Convert IAS for W(J) to TAS, i.e.,

TASJ=IASR§J% - : :
.0-HZ*KALT) , i

Calculate DV, the speed gra.ient between W(J-1) and W(J), i.e.,
DV=TASJ-TASPREV .

Calculate T1, the time required to fly from W(J-1) to W(J) at a rate
of 40 kts/min.

T1=|DVAMINRATE| .

Calculate AVEV, the average ground velocity required for a linear \
speed profile between W(J-1) and W(J), i.e., !

AVEV=0.5(TASPREV+TASJ )+WATK : :

Calculate T2, the time required to fly from W(J-1) to W(J) assuming a
constant velocity of AVEV, i.e.,

T2= |LEGDST/AVEV|

IF the velocity change, DV, between W(J-1) and W(J) requires a
velocity rate greater than or equal to 40 kts/min (i.e., if T2<M)

THEN
BEGIN ...Linear Profile Block

Q:s; g)TZ to DELT, the time required to fly the leg from W(J-1)
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Assign LEGDST to DPP, the portion of the leg-into W(J) that
requires a speed change.

END ...Linear Profile Block
ELSE ...Part of the leg into W(J) should be flown at the velocity
for H(J-l), the remaining portion at a velocity rate of 40
kts/m1n. Calculate time and distance parameters for the
portion requiring a speed change.
BEGIN ...40 kts/min Block
Assign T1 to DELT.
Assign T1*AVEV to DPP.
END ...40 kts/min Block
IF W(J) is the Lateral To-Event
THEN
BEGIN ...To-Event Block
Assign IASVALID to VCOMIF to indicate VCOMI computation has been |
performed. _ i

Assign value of TFIXF to VTIMF.

Save the along-track wind component for the Lateral To-Event
WATK, in WATKTO.

Save value qf KALT in KALTTO.

IF the velocity change, DV, between W(J-1) and W(J) requires
a velocity rate that exceeds 40 kts/min (i.e., if T2<T1)

_OR the distance from the aircraft to the Lateral To-Event is
within that portion of the leg that requires a velocity change
(i.e., if MTG<DPP) . ;

THEN

BEGIN ...To-Event Velocity Change Block

Calculate VGNOM, the present nominal aircraft velocity (GS-
referenced at this point) that must be flown to arrive at
the Time-Fix on schedule, i.e.,

V°=TASPREV+HATK
VF=TASJ+HATK

VGNOM=SQRT LV, 2+ (v 2~V 2) 1 C]
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Calculate DELT, the time required to fly from aircraft

gresent position to W(J) if the aircraft is on schedule,
.el L ]

IF DMTG > DPP
THEN DELT = T2 + (DMTG > DPP)/ VGNOM

ELSE
DELT=2*MTG
{VGNOM+ TASJ+WATK)
END ...To-Event Velocity Change Block
ELSE ...Velocity change is not required for present

portion of leg into the Lateral To-Event.
BEGIN ...To-Event constant velocity block.
Assign velocity for W(J-1) to VGNOM, i.e.,
VGNCM=TASPRE V+WATK
BEGIN ...Excessive Course Change block.

Tag commanded IAS display as invalid by assigning IVCOCH to
VCOMIF. .

RETURN %o cdlling program. Note that TIMERF is returned with

an INVALID status and VCOMIF indicates that "CRS"! will appear
for the comnanded IAS display on the Progress Page:

END ...Excessive Course Change block.
ELSE
BEGIN ...Leg Capture Compensation block.
Compensate for aircraft turn-made for leg capture at W(J-1), i.e.,

DELT=TASPREV*[ICOCHPREVI-Z*TAN(]COCgPREVI)]

a*TAN(25°)
where g=Acceleration due to gravity.
Increment TTGNOM by DELT.
END ...Leg Capture Compensation block.
END ...Beyond To-Event block. A

Update COCHPREV to value of
COCHPREV=CRSO(J)-CRSI(J)

...Lateral Event block.

...Calcttg Block

49
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Calculate 1) K, the propartion of nominal speed that is required to arrive at
the Time-Fix on schedule, and
2) TTGCOM, the commanded Time-To-Go for arrival at the Time-Fix, i.e.,
IF TIMERF = (TCOMF .V. TFIXF) NEQ VALID
...Computations for TIMERR, X, and TTGCOi are dependent upon status of pilot
entries for Time-Fix and Commanded Arrival Time ‘
THEN :
BEGIN ...TTGCOM Invalid Block

K = KSCALE ...Reversionary Mode. Set K = (1) * (Scale Factor).

KVAL = VALID ...Indicate K valid for later computation of VCOMI.
END ...TTGCOM Invalid Block
ELSE
BEGIN ...TTGCOM Valid Block
Update Commanded Arrival Time, I.E.,
TTGCOM = (TCOM-GMTS)/GMTCONV

Determine validity of computation for K. K is invalid when TTGCOM approaches
zero, I.E.,

IF TTGNOM*KSCALE > | TTacom |
THEN Assign an INVALID to KVAL
ELSE
BEGIN
K = (TTGNOM*KSCALE® ‘TTGCOM
KVAL = VALID
END
END ...TTGCOM Valid Block.

IF VCOMIF EQL IASVALID ...Computations for VCOMI and TIMERR only valid if To-Event
has a defined IAS.

THEN
BEGIN ...VCOMIF Valid Block
IF KVAL EQL VALID ...Test for validity of K befare updating VCOMI.
THEN '
 BEGIN  ...Update VCOMI Block

_ ~S—




Calculate Commanded TAS, I.E.,
VCOMT = (K*VGNC**)/KSCALE-WATKTO.
Convert VCOMT to IAS for display purposes, I.E.,
1.0-KALTTO*ACALT '

VCOMI = *VCOMT
: KALTSCALE

Limit VCOMI to upper limit of IAS Instrument.

END ...Update VCOMI Block !

: Calculate the expected time error for arrival at the Time-Fix, I.E., |
IF TIMERF EQL VALID

}

THEN
BEGIN ...Update TIMERR
EARLY = (TTGNOM*VGNOM)/(ACTAS+WATKTO)-TTGCOM. ;

TIMERR = |EARLY .
END ...Update TIMERR :
END ...VCOMIF Valid Block :

RETURN to Calling Program
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ASC Software Modifications

This section describes the 3D/4D modifications to the ANS-70A version of the
Aircraft Systems Coupler (ASC) software. One version of this software has
been constructed for use by all three of the Task Il systems. In addition

to changes implemented for the Base and 2D Plus Time Control Systems, this
section will describe ASC software modifications that have been added for the

3D/4D Localizer/Glideslope System.

Table 2-3 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>