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FOREWORD

This report descr ibes the resu lts of a study performed for the Air Force
Avionics Laboratory by the Boeing Aerospace Company, Military Ai rplane

Development, under Contract F-33615-76-C-1099 of Project 2003.

The report describes the software documentation developed to define the

IDAMST system for the AMST. The report details the approach used to define,

design , and specify the ground and flight operational programs. The work

was performed during Apri l through June 1976, under the di rection of
Mr. David G. Tubb, Program Manager.

The author wishes to acknowledge the significant contribution to the program

of Messrs. John Andrews, Al Cross grove, Downey Cunningham, Harvey Kanemote,
Paul Kappus, Joe Musgrave , Doug Smith, and Dr. Leroy Smith of The Boeing
Company, Jim Gracia and W ill iam Hirt of Harris ESD, and Larry Gutman and
Gary Wambold of the Air Force Avionics Laboratory.
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SECTION I
INTRODUCTION

The data contained herein is the product of Mission Ana lysis Work performed in

compliance with the Air Force Avionics Laboratory (AFAL) Work Statement included

in Contract No. F3361 5-76-C-1099. That contract supports the Phase I develop-
ment of software specifications for th~ Integrated Digital Avionics for the
Advanced Medium STOL Transport (IDAMST). Development of the spec i fications is
an extension of a study performed by AFAL which defined the IDAMST conceptual
design. The fina l report for that study was published by AFAL/AAA in March
of 1975.

Under the AMST program the Air Force is funding the development of two aircra ft
designs by two contractors. The Boeing Company is responsibl e for production and

init ial testing of two prototype YC-l4 aircraft while McDonnell-Douglas will

perform the same tasks on the YC-l5. A fly-off between the four aircraft will
be exercised under Air Force direction to determine which of the two competitive
model s will become the basic design for C-130 replacement.

Since the prototype aircraft are primarily intended to demonstrate relative air-
craft performance, their avionic suits employ fairl y conventional components. But

• it is expected that the design selected as a result of the fly-off will be
configured for production to incorporate advanced avionics equipment. The level
of automation and integration of the components will in part be determi ned by
studies directed toward assessing how well various crew sizes can handl e the
required functions involved in performing AMST missions. The IDAMST studies
being conducted by AFA L are directed towards employing advanced concepts evolved
from the DAIS program to develop a candidate design for the AMST aircra ft operated
by a two-man flight crew.

Both Boeing and McDonnell -Douglas have participated in the IDAMST study, each
developing hardware and software configurations that coul d be potentially in-

• corporated into their respective production designs . The following paragraphs
in this section provide a brief introduction to the IDAMST C-l4 and the missions
to which it is addressed.

The C-l4 will be a twi n engine cargo airc raft which derives its STOL capability

from the aerodynamic effects of upper surface bl owing. Under the IDAMST concept ,

the avionics equipment will operate as an automated/integrated system. The

1
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equipment list supporting required C-l4 mission functions is shown on Fi gure 1 .
All flig ht and subsystem control wi ll be exercised by a minimum sized crew.

For this study, the flight crew was assumed to consist of a pilot and cooilot.

An additional crew member will be required to perform Load/Jump Master duti es
associated with cargo compartment management.

C— 14 missions will include tactical deployment to distant theaters of operation;
precision air drops of personnel and equipment from all altitudes down to
practical minimums ; Low Altitude Parachute Extraction (LAPE) of equipment ; and
STOL operations including rapid offload of equipment and/or personnel in forward
combat areas. Most si gn ificantly , the aircraft must be capable of performing
all of the functions included in the deployment and precision air drop elements
under Instrument Meteorological Conditions (IMC). These then are the elements
which form the basis of the IDAMST Mission Analysis study.

4,
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SECTION 11

STUDY OBJECTIVES AND TECHNICAL APPROACH

2.1 This study has had as its objective the definition of software requirements

which would be requi red to support the development and operation of an IDAMST

system. Study emphasis has been concentrated on the navigation , communi ca tion,
and other system functions uniquely associated with AMST mission - Outside of
the scope of the study has been those functions which support fl i ght control .

Mi ss ion Analys i s tasks w hi ch have been exerc i sed in support of study objectives
have sought to identify C-l4 mission functions as they are partitioned between

the man/machine/software el ements of the weapon system. Beyond that, the soft-
ware function has been ampl i fied to serve as a guide to software Engineering
personnel as they develop specifications defining the IDAMST operationa l soft-
ware characteristics . The following outline provides an overview of the considera-
tions and tasks which were included in the study effort.

o Performed a detailed review of the three mission s~~narios provided by AFAL

in Appendix A of the Contract Work Statement.

o Used C-l30 operational documentation as a guide to air drop tactics with

emphas i s on subsystem empl oyment i n mi ss ion modes.

o Reviewed the predicted performance characteristics of the C—l4 in relation-

ship to the mi ss ion sequences called for In the scena rios.

o Coordi nated with systems personnel the operational procedures involved in

using the equipment called for in the IDANST equipment list.

o Rev iewed the Digita l Avionics Integrated System (DAIS) concept in order to

i dentify software functions which are transferrable to the IDAMST system.

o Developed t ime lines for all AFAL mission scenario sorties.

These diagrams graphically broke indiv idua l sorties down according to time
frame to correlate: aircra ft flight modes with respect to speed, altitude and
subsystem employment; terrain features; local weather; friendly forces and
systems in the proximity (other C-14’s, air traffic control , command and
control units , drop zone, etc.); the presence of enemy aircra ft and ground
based air defense units including ECM. The compl ete time line analyses for

the three day mi ssion scenario are included in Section III.

4
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o Developed composite mission scenario.

When the time line analysis was complete, it was obvious that each of the
i~idivi dual sorties flown during the three day scenario contained segments
which imposed uni que demands on the C-l4 crew/system combination while
other portions of the sorties contained task performance which typically is
repeated throughout the three day mission. Figures 2 through 4 illustrate
the situation with the heavy lines representing segments of interest. In
order to focus the devel opment of Subsystem Sequence Diagrams (SSD’s) and
Functional Sequence Diagrams (FSD’s) on C-l4 tasks where anal ysis of IDAMST
was needed , these segments were i ntegrated to form a compos ite miss ion.
Figure 5 graphically summarizes the events included in that mission. The
segments which are contained in the six circled regions have been desi gnated
subjects of second level FSD analysis , to be discussed shortly.

o Developed Subsystem Sequence Diagrams (SSD’s)

Events occurring in the composite scenario call for rapid execution of a
large number of individual tasks which contribute to the successful perform-
ance of tactical functions associated with mission objectives . At any one
time, tasks simul taneously being performed may include nav igation , commun ica-
tion , 1FF, SKE, ECM , etc. In varying degrees each task requires coordinated
crew and subsystem operations interfaced through the use of dedicated software
programs. When all of the individua l programs requi red by the composite
scenario are assembled , they then become the repertoire which enables the
C-14 to selectively perform any of the functions included in the MIST
Required Operating Capability during a gi ven sortie. The Individual programs
included in the repertoire are system- function related , rather than scenario
related. For each unique system function , there is a specific sequence of
operations which can be illustrated using flow diagram techniques . These
schematics are referred to as Subsystem Sequence Diagrams (SSD’s). Figure 6

• illustrates the role of SSD’s in the IDAMST analysis, and also serves to
Introduce the subject of Functional Sequence Diagrams . The SSD’s developed
during thi s study are included in Section IV.

o Developed Functional Sequence Diagrams (FSD’s)

As Fi gure 6 implies , FSD’s are directly related to the mis . ~ n scenario. In
fact, they are the graphical singl e thread which link i nd iv idua l  SSD’s to

• tasks to be performed in the scenario.

5
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As an analytical tool, FSD’ s are useful In severa l different ways. Fi rst
they serve as a test to determine the availability and compl eteness of SSD’s.
Where deficiencies exist, the void can be identified as the subject of
additiona l SSD development. Second, by correlating the simul taneous SSD
functions called for by the FSD at a particular time in the scenario , it i s
possibl e for the analyst to scope man/machine task loading in gross terms.

Two FSD level s of indenture are included in this report.

The First Level has been used to facilitate the analysis of a compl ete
sing le sortie selected from the various missions flown in the three day
scenario. This FSD format provides insight as to the simul taneous
activities of the three (pilot , copilot and loadmaster) man flight crew
with indices to the detailed SSD operations that are required to respond to
postulated scenario events. Section V contains all of the First Level FSD’s
and associated anal ysis generated during the study.

The Second Level FSD has been used as the basis for analysis appl ied to
instances of high task loading occurring in the composite scenario. (Refer-
ence the six circled regions of Figure 5). This particular approach

focuses atten ti on on the interaction of the individua l crewman with those
software and hardware elements which best enable him to respond to scenario

events. While the technique still relies on SSD references to provide

ultimate detail , the Second Level FSD itsel f amplifi es i nforma tion on soft-
ware/hardware functional requi rements. Section VI includes the Second Level
FSD’ s dea li ng w i th compos i te cenar io event

s.9
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SECTION III
TIME LINE ANALYSES

A detailed overview of the flight crew tasks and functions was obtained by

describing on a rigi d time base the actions necessary to establish the scenario
fli ght prof i le. As can be seen in the follow ing pages , each action is defined

within the total context of the fl i ght. Any interfering requirement is evident .

Consequently, each action can be identi fied In rel ation to all other actions

be they aircra ft, flight crew, or ground related. This format quickl y points

out potential excessive workload problems.

As a result of the following analysis , potentiall y excess i ve wor kloa d areas were
noted and were then analyzed further In the Level 2 FSD’s of Section VI .

The time line analyses cover the three composite missions selected for detailed

study and cover the following fl i ght modes:

Mi ss ion I TIME

Aerial Refueling (Formation) 0640 - 0712

Hi gh Altitude N.E. Airdrop 0312 - 0336

Low Altitude Airdro p 0336 - 0400

Mi ss ion II

CDS Airdro p (Formation) 0548 - 0624

Ai rborne Radar Approach 0624 - 0638

Mi ss ion III

LAPES Del i very 1000 - 1032

STOL & Combat Offload 1032 - 1048

Departure Eng ine Failure 1046 - 1052
VOR & ILS Approach 1052 - 1104

10 
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SECTION IV
SUBSYSTEM SE QUENCE DIAGRAMS (ssD ’S)

4.1 OVERVIEW
Prior to the sta rt of SSD development , si gn ificant segments of the composite
mission were i ndexed to the time lines incl uded in Section III. This review

was exercised to identify independent system functional requirements which

need to exist as a ready resource for call in the performa nce of any mission.

SSD’s for each requirement were then developed to incorporate system character-

istics and operational concepts consistent with those postulated for C-14
employment . When it appeared that the SSD repertoire was reasonably complete ,
Functional Sequence Diagraming techni ques were used to test the extent to
which the existing SSD group met scenario requirements. Ta bl e 1 summar i zes
those SSD’s which have been completed. It also i denti fies a group of SSD’s

w h i c h  are required but , due to time constraints , were not developed during the
current study.

TABLE 1

SUBSYSTEM SEQUENCE DIAGRAMS (SS D1S) IDENTIFIED DURING THE IDAMST STUDY

FIGURE NO. 
— 

SHEET NO. TITLE

61 1 GEM DATA INPUT/ERROR CORRECTION
62 1 TRANSFER DATA FROM ONE MPD TO SECOND MPD
64 1 COMM. SYS. - ICS/PA INITIAL IZATION AND USE

65 1 COMM. SYS . CHANNEL SECTION - PRE PROGRAMMED
66 2 COMM. SYS . CHANNEL SECTION - PRE PROGRAMMED
67 1 ENERGIZE AND INIT. NAy . SYS.
68 2 ENERGIZE AND INIT. NAy . SYS.
69 3 ENERGIZE AND INIT. NAV . SYS .
70 1 EXEC . OF FLT PLAN (AUTO OR MAN ) WITH RADAR FIX

FOR CARP CALC.
71 1 EXEC. OF FLT PLAN (AUTO OR MAN ) WIT H MAN FIX

72 1 EXEC. OF FLT PLAN (AUTO OR MAN ) WITH PROVISION
FOR REPL AN N I N G

73 1 STANDARD INSTRUMENT DEPARTURE (SID)/STANDARD
TERMINAL AREA REQUIREMENT (STAR)

74 1 COURSE OFF—SET (BASED ON ESTABLISHED FLIGHT PLAN)
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TABLE 1 (CONTINUED )

FIGURE NO. 
— 

SHEET NO. TITLE

75 1 HOLDING PATTERN - CREW CONFIGURED

76 1 HOLDING PATTERN - CIRCULAR ABOUT AN INPUT POINT
77 1 HOLDING PATTERN - EXECUTION
78 1 SKE INITIALIZATION - PRIMARY CONTROL INPUTS
79 2 SKE INITIALIZATION - PRIMARY AND SECONDARY CONTROL

INPUTS

80 3 SKE INITIALIZATION - DISPLAY INPUTS
81 4 SKE I N I T I A L I ZATION - DISPLA Y INPUTS
82 5 SKE INITIAL IZATION - DISPLA Y INPUTS
83 1 SKE OPERATION
84 1 SET UP AND EXECUTE EQUIPMENT AIR DROPS
85 1 AUTOMATED CHECKLISTS (INFL IGHT REFUELING)
86 1 EXPENDABLES INVENTORY AND MANAGEMENT - INITIALIZATION
87 1 EXPENDABLES INVENTORY AND MANAGEMENT - OPER. UPDATE
- TBD* IDENT . FRIEND OR FOE (1FF)
- TBD DEFENSIVE SYSTEM
- TBD TEST SUBSYSTEM

- TBD RADAR CONTROL SUBSYSTEM
- TBD FLIGHT CONTROL SUBSYSTEM
- TBD MISC. AIRCRAFT SYSTEMS
- TBD GROUND PROXIMITY WARNING SYSTEM (GWPS )
- TBD SPECIAL PURPOSE ALERTS
- TBD AUTOMATIC DIRECTION FINDER (ADF) SUBSYSTEM
— TBD OPTIONAL DISPLAY MODES

* TO BE DETERMINED - Identified as an SSD requirement during the IDAMST
study , but left incomplete due to time limitations .

4.2  SSD FORMAT ELEMENTS

The formats developed for Fi gures 61 through 87 emphasize the role of “Computer

Functions ” in coordinating “Cockpit Functions ” w ith “Subsystem Functions ” . The
area reserved for computer functions appropriately is expanded to provide Informa-
tion of sufficient detail to support the preparation of an IDAMST software speci—
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ficatlon. Each SSD function Involves data Input from a spec i fic source , com puter
processing of the data , and finall y output to a predetermined destination. The
objective of the SSD then is to provide information on the types of messa ges
that can be expected to be transmitted through the system , and the level s of

software programs that are needed to handl e them. Programming level s of
indenture then span Executive Control including prioritization through appl ica-
tions programs incorporating all of the applications subroutines . SSD’s
identify software functions that are needed for functional control , but they
do not distinguish between Executive and applications programs . Software
engineering personnel have the responsibility for tha t partitioning d u r i n g

their analysis of SSD functions.

It wil l be noted that decision-logic notation is frequently used throughout the

SSD’ s. This device al lows the analyst to provide info rmation to software
personnel as to system and crew actions tha t are elected based on assessments of
conditional situations.

It is also noted that because of the purpose that the SSD is being used for (to
provide software personnel with a functiona l overv iew),  the SSD format al lows
for feedback loops as opposed to the strict time base suggested by AFAL. This
allows a more concise representation to the process displ ayed by the SSD.

Under  “Cockpit Functions ” there are three sub-categories :

“Crew ”- Based on symbology , this column provides information on how the operator
senses and acts on cockpit internal/external and system generated cues. It will

be noted that no attempt is made to designate whether the crew member is the
pilot or copilot. SSD’ s presume that eithe r one of them have the equipment , and

coul d have the responsibility, to perform the required tasks.

“Controls ” — This col umn is used to designate which dedicated or multipurpose
controls are used by the operator to accomplish a particular task. It Is al so
empl oyed to show the required sequence of operations.

“Displays ”- Depending on the nature of the Function being performed , either the

• operator or software may select one of the multipurpose or dedicated displ ays

for data presentation. That selec tion i s shown In thi s col umn.

“Subsystem Functions ” provide three separate sub—columns (“SYSTEMS 1 , 2 OR 3”).

These areas are used to i llustrate how hardware systems , whose operations corn-

67

—4



--_ - —--5-_-5 ----5 - —-~~~—- - -  --5- --5— - - — _ _ _

plement one another , are interfaced under computer control . It Is recognized
that systems such as the navigation system usuall y have their own processors and
dedicated software. But for the SSD analysis all software functions are shown
under “Computer Functions ” rather than under the “SYSTEMS 1, 2 OR 3” col umns.

The “External” column is used to s how how cues ori ginating outside of the subject
C- 14 effect tha t aircraft ’ s system and crew functions. The cues may range from
through-the-windshield visua l observations to subsystem receipt of El ec t ro-
magnetic radiation si gnals from externa l communication , navi gation and radar
systems .

The last column , “Time , Priority, Remarks ” , is used by the anal yst to amp l i f y

the illustrated SSD flow. Wherever possibl e the comments have been noted
adjacent to the flow segment to which they are address ed.

Table 2 provides the reader with symbology definitions used in the SSD’ s.

4 .3 SUBSYSTEM SE QUENCE DIAGRAMS - ANALYSIS

Most of the analysis which has been performed during the study is s ummarized on
the individua l SSD sheets. The following para graphs then wil l  provide the reader
with an introduction to each SSD subject as wel l as amp lify points which were
not noted on the diagrams .

Figure 61: Genera l Data Input Including Error Correction
Since any set of operator generated inputs to the Integrated Multi function
Keyset (IMK) can be interrupted by errored punches , thi s SSD illustrates

a generalized system log ic for correcting those inputs. Implicit in the
sequence is the requirement for automatic positioning of a cursor on the

Multipurpose Displ ay with which the operator is i nteracting. Through

software the display control group must provide means of repositioning the
cursor forward or reverse to locations of operator selection.

Fi gure 62: Transfer Data from One MPD to a Second MPD

The Function provided by this SSD recognizes the requirement for reconfi gura-
t lon a fter a di splay system fa ilure . Figure 63 i llustrates di splay transfers
growing out of a failure In MPD #1. This must be accomplished rapidly with

mi nimum mi ss ion tas k Interference , and w ith little or no loss of mi ss ion
cri tical data . In certain Instances where a data loss Is Inevitabl e due to

Insufficient remaining display capability, the software/hardware suit needs

b ~~~~~~~~~ - - -   
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TABLE 2
FSD ISSD Symbology

THE FOLLOWING SYMBOLS ARE USED IN DEVELOPING FSD’S AND SSD’S:
SYMBOL MEANING

o RECEIVE

o ACT
O MONITOR

0 TRANSMIT
STORE DATA

RECALL DATA FROM STORAGE .
DECISION LOGIC

NOTE: A DOUBLE SYMBOL (
~ J ., FOR EXAMPLE) MEANS THAT THE

FUNCTION IS CONTINUOUSLY PERFORMED
AMPLIFYING INFORMATION USED W ITH SYMBOLS:

LEGEND MEANING
A AURAL
E ELECTRON IC/ELECTRICAL
M MECHANICAL

RF RADIO FREOUENCY

S SPEECH

I TOUCH

V VISUAL
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to be fl exibl e enough to provide for automatic prioritization with manual
override available.

Fiiure -64: Commu nication System - ICS/PA Initiali zation and Use
When the airc ra ft electrical distribution system receives power from ground
or interna l generators, and when the computer has been init ial ized , the
System Power Log ic program enables the Intercommunications System / Public
Address (ICS /PA ) system to be energ ized. Subsequent to that , all control
and use of ICS / PA equipment is independent of the computer facil i ty.

Figures 65, 66: Communication System Channel Sel ection - Preprogrammed
This fl ow i l lustrates how the operator uses the IMK to assi gn f r e q u e n ci e s

for each radio to channel numbers in the computer. When those tuning
choices have been made , d i s p l a y e d , and accepted (“ ENTERED ”) — the tuning
subroutine tunes each radio according ly. If transmi tter use is desired,
the operator designates the set via the IMK channel keys and the computer
implicitly enables the equipment as a function of the stored receiver
tuning data.

Fi gures 67 , 68, 69: Energize and Initialize Navigat ion System
• General Note:

The I DAMST navigation system is based on Area Navigation (R-NAV) concepts.
Consequently the SSD’ s dealing with system init ialization , use , and  spec ia l

operational features will reference R- NAV nomenclature.

Fi gure 67 shows software interface ma nagement of INS hardware init ializa-
tion and alignment under operator control . Simul taneous with alignment , the

flow refl ects operator interaction with software via the IMK in setting
f l i ght plan operational parameters. These include waypoints wi th their
respective commanded flight levels and system computed Estimated Time-Over -
heads (ETOH’s) based on input estimated departure times . Subsequent to that
the system is set in “NA y MODE” to initiate operational functioning.

Figure 70: Execution of Fl ight Plan (Automatic o~ Manual) with Provision fqr
Radar Fix for CARP Calculation
To enable execution of the flight plan , all of the functions required by

Figure 67 must have been performed. With alignment complete , the INS monitors

aircra ft movement and transmits signals to the software position update

filter. The computed current position is compared with the next fly-to-point
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(FTP) in the flight plan. Appropriate range and bearing computations to
the FTP are calculated. That data is transmitted to the fli ght director
and , if the aircraft is under manual control , the pilot makes the required
control inputs. If the aircra ft is under autopilot control , steering signals
are provided for autopilot updating .

This SSD also illustrates how a terrain feature observed on the radar display
can be “hooked” and desi gnated for the computer as datum for calculating a
navigation fix.

Fi g~ure 71: Execution of Fl ight Plan (Auto mat ic or Manua l) with Provision for
Manual Fix

System activi t ies shown in this diagram are similar to those of Figure 70
with the exception that the fix is based on a terrain feature visually acquired

by ei ther the pilot or copilot.

Figure 72: Execution of Fl ight Plan (Automatic or Manual) with Provision for
Replannin~
Again , the basic flow for this FSD is deri ved from Fi gure 70. The additive

feature is the operator ’s interaction with computer using the IMK and MPD to

accomplish a fli ght plan change . As noted , the change could involve a sing le ,
or multipl e FTP input. When the points are accepted by the operator keying
“ENTER” , the computer selects the closest FTP as the next execution point
unless another operator specification has been made . Steering commands are
then generated for flight director display and autopilot use.

FIgure 73: Standard Instrument Departure (SID) /Standard Terminal Area
Requirements (STAR )
SID / STAR procedures are read into computer memory from standard mission tapes

prepared for C-l4 employment within specific theaters of operation. SID’ s
are called up for display by manual IMK inputs . STAR’s may be called in the

same way ; or , if desired by the flight crew , they may be automatically called
when the INS senses that designated navigation parameters have been satisfied.

Fi gure 74: Course Offset (Based on Established Flight Plan)

This flow shows how the fli ght crew can preplan course offset which , when
called , provides steering commands based on the stored fl i ght plan.

~jgure 75: Holdlnq Pattern - Crew Confi gured

A holding pattern of any geometry can be set up by the fl i ght-crew using

this subroutine . The pattern may L,e confi gured in either of two ways. The
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first invol ves inputting a series of LAT/LONG pa i rs to define the pattern
limits, while the second would call for “hooking ” terrd in features on the
moving map display in sequence , and designating those points as FTP’ s. For
the latter , the computer converts the map poi nts to LAT/LONG pa i rs for flight
plan exec ution.

Holding Point Execution is shown on Fi gure 77.

Fi gure 76: Holding Pattern - Circular About an Input Point
By desi gnating for the computer a center point (LA T/ LONG or , alternatively ,
a “hooked” position on the moving map display) and a radius , the fli ght crew
can establish a holding period in a minimum amount of time.

Fiqure 77: holding Pattern Execution
This fl ow enables implementation of either of the previously discussed hold-
ing patterns. The softwa re logi c wil l implicitl y provide steering coninands
for left-hand turns unless directed otherwise by the operator. Not shown in
the flow, but important , is the requi rement for a diagnostic routine to
reconcile pattern parameters with commanded aircraft kinematics. Calculated

output woul d provide the fl ight c rew with resultant bank ang les , t u r n  t imes ,
g forces, etc.

FIgures: 78, 79, 80, 81, 82: Station Keeping Equipment - Initialization
These 5 sheets Indicate the input methods for the various parameters needed
for SKE operation . The process is inter-reactive due to the number of options
that are availabl e to the operator in setting up the SKE. It is possibl e that
this set-up could be preprogrammed for all aircra ft participating in a sortie ,
but with the aircra ft role di fferences from mission-to-mission , i t  seems

hardly worth the added compl exity.

Figure 83: Station Keeping Functional Operations
Th is flow summarizes all of the recieved and transmi tted time based si gnals
on which SKE operations are based . The way the si gnals are processed in

automated functions , and the manner in which the refined data is employed is

shown . Outputs are divided among those going to complementary elements in

the Integrated syst~ i for additional processing and use; and those which get

%wbd$ Iw I ded into normal and alert messages for use in the displays group.

~~‘ ~.t ~p m d  (*i utio n of Equipment Air Dr~p~
~~~ ~~~~~~~~~~~~~~ 0 f st .rre lated functional requirements for precision air drops

• ~~ ~~~~~~~ fl ‘~~ f ! ‘ ‘ s ’ k5 P’ow st.~~ated sensor system data (Navlga —
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t i on , SKE , and DZ Beacon ) is used to set up modes of operation (auto and
manual release techni ques) with implementation functions facil itated by pro-
visioned hardware (cargo door, tie down unlocking, an d ex it sequenc i ng).

Figure 85: Automated Check Lists - Prepare for Infl i ght Refueling
There are a large number of check l ists , procedures , and performance data
presentations that can be displayed by an IDAMST type system . Some are
merel y for c rew re ference purposes (aircraft perfo rmance check l is ts)  while
others require crew /system inter-reaction. A third type is the compl etely
automated chec k list which is: (1) called and executed automaticall y a f t e r

a set of conditions has been satisfied (gear up, flaps up, a i rcra ft on
climb power - execute after take-off check list , and report results);

(2) called manual ly, but executed under computer control. Figure 85 is

an example of the latter . Subsequent to operator call-up the software

comma nds av ion i c su bsystem con trol chan ge , an d re ports the resul ts ou t for
Display.

Wherever check lists are called for by FSD’s, Fi gure 85, the intent is that

this fi gure represents a check list concept rather than the precise check

list called for by the FSD element .

Figure 86: Expendables Inventory and Management System - Initialization

Shown in this flow are the methods by which expendable quantity data Is

accounted for in the IDAMST system. The information is partially derived

from sensed data with the remainder being supplied by operator input. As

exampl es: fuel and oil filling Is sensed; while cargo compartment loading

is furnished via mission tape or crew input. Wei ght and balance reports

are automatically up ated on a real time basis throughout the entire sortie.

Figure 87: Expendables Inventory and Management System - Operational Updating

A real time aerodynamic ana l ysis routine combined with the functions shown

in the flow would be required to facilitate the operation of a ful l scale

energy management system for the C-14. In its simpl est operation , the

concepts shown in Figure 87 woul d assist the crew during In-fl i ght mission

replanning, and assessments of safe ty mar gi ns . In the ex treme , out put data
coul d be furn i shed di rectly to su brout ines wh ic h coul d determi ne optimi ze d
wei ght distribution , contro l surface con fi gurat ion , and power app1 icat ions
to produce maximum airplane performance in a given mission.
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SECTION V
LEVEL 1 FUNCTIONAL SEQUENCE DIAGRAMS (FSD’S)

5.1 OVERVIEW

The Technical Approach, Paragraph 2.1 , introduced and defined Level I FSD’s.
Thi s section contains the Level 1 FSD’ s which were developed for the I~~MST
study, Figures 89 through 104.

From the Sorties Included in the AFAL three day mission scenario , one complete
sortie was selected for this analysis. It was the Initial sortie of the Second

• Day’s set of missions. Figure 88 shows the hi ghl i ghts of that sortie. The

• following outline ampl i fies the illustrated sortie events for Bl ue 4, the air-

craft of pri ncipa l concern :
OVERVIEW: o 9 aIrcraft In 3 elements assigned to basic mission

o Fi rst element - Bl ue 1-3
V 

Second el ement - Bl ue 4-6 (this narrative based on Blue 4)
Third element - Bl ue 7-9

o After equipment drop, Blue 4 to detach Itsel f for a special mission .

MISSION SEGEMENTS:
NO. OF

EVENT FRON TO A/C OBJECTIVE

(1) Takeoff RP,ein-Mai n Schoningen 9 high altitude equipment drop

(2) Norns~ Enrvute Rhein-Main Schoningen 9 high altitude equi pment drop
NAV/COM/IFF/ATC

(3) NI l Radar Coordinate Rhein-Main Schon lngen 9 hIgh altitude equi pment drop
ThREAT/FRIENDLY P1/C DATA

(4) Drop Prepratlons Rhein-Main Schoningen 9 high altitude equipmen t drop

(5) High Alti tude Equipment -- Schoningen 9 ground force re-supply
Drop

(6) Low Al ti tude (1500’) Scho ninge n Klotze 1(Blue 4) SpecIal Forces personnel drop
Penetrati on of E.
Germen Ai r Space

(7) Drop Preparations Schoningen Klotze l(Blue 4) Special Forces personnel drop

(8) Request and Receive Schoningen Klotz e l(Ilue 4) Spec ial Forces personnel drop
Airbo rne EDI Support~

(9) Special Forces -. Klotz e l(B lue 4) Covert operation s
Person nel Drop

(10) Enrout. Transit, and Kiotre Breuserhaven l(Blue 4) Recovery
Repeat (2)

(11) Search and Rescue Klotze Bremerhaven l(Blu. 4) Search and Rescue
Related to Oo~ ,ad fl6

(12) Landing -- Bremerhaven 1(Blue 4) Sortie c~~~l.tion
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5.2 LEVEL 1 FSD FORMAT ELEMENTS
The level 1 FSD formats have been configured to show to the largest extent
possible , the simultaneous crew/system functions occurring in scenario time
blocks. Provision has been made to illustrate interactions of the two—man flight
crew with the variou s aircraft subsystems. As appropriate , the flow defines which
system comands are hardwired as opposed to those whose interface is facilitated
through the software medium.

The dedicated headings on the format allow the analyst to call the most frequently
used subsystems, specifi cal ly - “Coninunications ” , “Navigation ” , “Fl ight Controls” ,
and “Sensors ”. Notes on each application give the specifi cation as to which
type of equipment in the subsystem is being used . The “other” heading is included
to allow for references to less frequently used systems and functions in addition
to actions of the loadmaster . For reference to events or signals which influence
Blue 4’s mission activities , and which have their origins outside the aircraft,
the “Externa l ” column is included .

“Operator Notes ” amplify the crew activities called for in the scenario , while
“Software Notes” provide i nformation pertaining to computer interface of hardware
subsystems wi th the display and control suit.

For each scenario event depicted on the level 1 FSD, flow lines briefly outline
the systems which are involved in accomplishing the required functions. The
“Figure ” numbers, which appear on the horizontal lines , reference the more
detailed man/machine/software relationships defined by the Subsystem Sequence
Diagrams. A number of Figure numbers are accompanied by a “To Be Determined (TBD ) ”
note. This ind icates that the FSD analysis has identified an SSD requirement
which remains unsatisfied as this study comes to a close. That work must be
completed as part of a future effort.

The time blocks shown in the left hand column index FSD events to those of the
AFAL narrative scenario. Only a rigorous simulation of the IDAMST system could
provide the basis for an accurate workload assessment. But reference to FSD
time-blocks together with cooperative two—man crew functions linked to the
magnitude of SSD processing gives the analyst an intuitive feel for man/machine
loadings in each mission mode.
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Definitions for the symbols used In FSD development are provided by Table 3.
Since Level 1 FSD’s are merely an outline of mission events intended to provide
only superficial detail , some symbols are used more than others. Storage and
recall of data along with the decisi on logic notation are infrequently used in
the devel opment of FSD’s.

The direction of activity flow on both the FSD’s and SSD’s is generally from
top to bottom. But where a repetitive man/machine interaction occurs (as in
coninunications , for example), the device of illustrating the flow with a
closed loop is frequently employed.

9WS~~ 5~~ .l.sj

TIE F01i~Yd1IE S~~~ ..s *~ ~~~ IN ~~~WI.DP I~~~ FSD’S P& SSD~~
___ REMI~~
o

V 
ACT

oo
V S1ORE I~TA

IECALI. MIA F*~I S1ORP6~
IECISI~~ L%IC

MOlE: A DOJILE SY~ OL • F~ EXWtL) PEAIIS ThAT TIE
RIIICT ION IS CCIITIPJOUSLY PERFON~~

~~~~ LIFY I~~~ 1~~~~~TIOI USED WI Th 5111015:
j  IEAlI~~

A MiNk
E ELECT~~IC/EI.EC1NICAL
N RE0~A1CAL

RADIO FIE’UIICV
V S SPEEOI

T 101101
V VISIW.

It will be noted that the Level 1 FSD ’s do not call all of the SSD Functions
which are included in Section IV. Thi s occurs because the SSD’s were generated
with a narrow view toward defining aircraft multimode functional capabilities .

I 

While most of these capabilities were called for in the scenarios, not all
were because the aircraft was never operated In that mode. As an example,

the IDAMSI navigation system Is based on R-NAV concepts which include provisions

for course offsets as well as holding patterns. The scenarios did not call for
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these, but the IDAMST software must provide the capability . Consequently,
they were both addressed In SSD development .

5.3 LEVEL 1 FUNCTIONAL SEQUENCE DIAGRAMS - ANALYSIS

Figures 39 through 104 are the Level 1 FSD’s for selected segments of the
second day ANSI mission (See Figure 3). The SSD reference numbers noted on
the flow, together with the operator and software notes, constitute the analysis
provided to software Engineering personnel . The remaining sel ected mission
segments for the first and third days mission (see Figures 2 and 4) are provided
in Section VI by Figures 105 through 135.
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SECTION VI
LEVEL 2 FUNCTIONAL SEQUENCE DIAGRAMS

The t ime line anal yses of Section III pointed to six mission segments that
appeared to have the potential for excessive workloads . These mission segments
were selected for the detailed , Level 2 FSD analyses shown in the following
pages. In addition , a startup sequence is also included because of its potential
impact on workload and IDAMST design. The startup is shown for the Dover AFB
departure but is equally appl icable to any start procedure.

The mission segments studied by means of the FSD analysis are:

Fi gure No.

- Startup and Departure (Formation) 105 to 117 V

- Aerial Refueling (Formation) 118 to 121

• Hi gh Altitude H.E. Airdrop (Formation ) 122 to 126

- STOL & Combat Offload 127 to 129

- STOL Departure Engine Failure 130 to 131
- Sing le Engine VOR & ASA Approach 132 to 135

The format used for Level 2 FSD is essentially the same as that developed for
SSD analysis with the exception that the Level 2 FSD follows a mission time
base and less detail is exhibi ted than in the SSDs,
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SECTION VI I
SUMMARY AND CONCLUSIONS

7.1 SUMMARY
The foregoing Subsystem Sequence Diagrams together with the Level 1 and 2
Functional Sequence Diagrams , comprise all of the Operational Sequence Diagrams
(OSD’s) developed for the C-14 IDAMSI program. These OSD 1 s have identified
categories of software subroutines which are required to interface AMST
avionic hardware systems wi th crew functions in operational environments.
This data has been referenced by Software Engineering personnel in support of
their IDAMST software specification development task. Those specifications
are included in the IDAMST software specifications , SB 4041 through SB 4044.

Each element of the OSD mission analysis contains concepts which will formulate
the general character of the IDAMST system. But some of those concepts are
controversial in the sense that they do not have universa l acceptance on the
part of the Air Force and Contractor technical personnel currently planning
advanced tacti cal air delivery systems. A number of contradictory factors
confound their approaches to a rational solution. These factors are sumarized
in the following outline :

- It is universally recognized that a modern replacement is needed for
the C—1 30 in the early 19801 s.

- Ideally that replacement should have high performance STOL capabil-
ities , but be relatively low in cost based on a reasonable production
run.

• To suppress the growing impact of personnel cost on overall program
expenditures , the AMST crew size must be held to minimum.

- To perform the most demanding air drop missions wi th a two—man crew,
the AMST avionics system will have to be automated and integrated ,
and will probably have to contain more sophisticated components than
the current system.

- The Life Cycle cost of the advanced avionics should be significantly
less than the funding required for current technology systens
operated by larger crew complements.
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Personnel conducting the I DAMST mission analysis have been mindful of these
factors as they performed work elements during the study. Whet’ever possible
they have sought to Incorporate concepts which tend to alleviate rather than
aggravate these considerations. By that, it is meant that the technical
approach has emphasized software enhancement of existing systems which can be
automated and Integrated; this in lieu of specifying advanced technology
systems which carry wi th then unacceptable costs.

The followi ng paragraphs sumarize the conclusions which have evolved from
the mission analysis performed in light of the factors noted above.

7.2 CONCLUSIONS
The most severe requirement for the AMST is the precision air drop under
Instrument Meteorological Conditions (IMC ) with a two-man flight crew. With
respect to avionics systems, the possible solutions to the requirement may

be accomplished in several steps, each involving progressive technology levels
of indenture.

7A2.1 Initial IDAMST System
To facilitate two-man flight crew control of the AMST, it is obvious that all
navigation functions need to be automated so that they require a minimum of
operator interaction. Coincident wi th that task , the basic components (INS
and Omega) need to be functionally integrated with complementary systems
which can amplify positional information. These complementary systems include
radio aids, Drop Zone Marker , Search/Weather radar , station keeping equipment,
compasses, and altimeters. Data from these systems, when integrated with basic
system data significantly enhance geographic and tactical navigation .

NOTE: The performance of the proposed AMST radar is not going to
provide exceptionally good terrain mapping information.
Consequently, its contribution to navigation tasks is not
expected to be great.

To enhance survivability in hostile environments , It may be desirable to
V i ntegrate passive ECM data into navigation outputs to assist the crew in rapidly

fixing the relative bearings of potential threats.
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The use of the computer to automate conriunications tasks will make fl ight
deck tasks less complex. The most immediate objective is to provide for
pretuning of the separate radios so that selection is by channel rather
than frequency.

In the area of system monitoring and management, the software subroutines can
be used to directly input sensed data to check lists and calculations. The
sensed data would include both qualitative and quantitative information related
to subsystem status and operation. Records such as weight and balance reports
could be updated on a real time basis providing accurate data to the crew at a
moment ’s notice. Likewise , the on-off and moding of subsystems would be avail-
able for automatic accounti ng in check list execution.

Manual check lists demand an inordinate amount of crew time and attention in
the current system. Many of those check lists can be automated to the extent
that they perform, as well as display , the sequencial i tems. Where input data
is required , the check list subroutine can alternatively call sensed data
where it is available , or cue for operator interactive inputs.

Flight procedures may be handled in much the same way as check lists with the
exception that they are not likely to be interactive. For instance, the
system generated display of Standard Instrument Procedures (SID’ s), Standard
Termina l Area Requirements (STAR ’s), Missed Approach plates , etc., may be cued
as a function of sensed aircraft position and flight mode. The automatic
calling of SID’s and STAR ’s could be expanded to include software tuning of
conmiunications equipment to the prescribed air traffic control frequencies.

Most of the features which have been identified to enhance AMST mission
performance have been solely concerned with improving flight deck tasks but
some of these same features can be used to refine cargo compartment functions.
Employment of automated check lists Is a case in point. This suggests the
possibility of providing the Load/Jumpmaster with an abbreviated IMK/MPD panel
for operator interaction and that facility provides the means by which Mission !

V System Visibility can be expanded to refine and expedite cargo compartment
management. Closed circuit TV coverage of that area from the flight deck can
be used to facilitate remote control of aircraft systems, and the extraction
of cargo. That kind of visual coverage supports safety and emergency functions .
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7.2.2 Growth IDAMST System
Elements of the basic IDAMST system are described above. Performance of the
system could be significantly Improved with the incorporation of an advanced
Mapping/Terrain Avoidance fM/TA ) radar; and alternatively the Joint Tactical
Information Distribution System (JTIDS), or the Global Positioning System (GPS).
It is presumed that one or the other of JTIDS and GPS will ultimately be
incorporated in the AMST.

M/TA Radar

The M/TA radar together with the integrated navigation system makes the AMST
a truly all weather ysteni. The INS with Omega supported by the various navi-
gation aids provides worldwide means of transiting to tactical areas. M/TA
radar operations together with the navigation subsystems provide the basis for
continua l position fixing and CARP updating during penetration into the drop
area. While zone marker support will still be needed for some operations , the
M/TA radar eliminates the absolute reliance on that system for IMC drops.

JTIDS

Figure 136 summarizes all of the operational features that are being planned
for the JTIDS system. As the figure indicates , the system is basically a real
t ime tactical command and control system providing the user aircraft with a
large volume of information. Threat data in addition to own force information
is included . Coincident wi th that data, the system also provides the receiving
aircraft with the means of determining its relative position along wi th the
positions of other units in the tactica l area . Regional information on weather
and the status of facilities at recovery bases is included . Because of JIIDS
system design characteristics, all of the transmitted messages are Immune from
jamming or unintentional interference. As a consequence, the system is highly
reliable and meets all of the requirements of the AMST for tactical data.

GPS

While JTIDS provides relative navigation (with respect to transmitting stations),
the GPS enables very accurate geographic navigation for worldwide applications.
In most instances , this system in the IDAMST system would become the prime source
of positional information with the INS and Omega furnishing backup data.
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7.2.3 General Comments Derived from Time Line and
Operational Sequence Diagram Analysis

o The IDAMST concept provides an excellent means of improving the
present cumbersome (and too often i naccurate) “See and Feel ” circuit
breaker status system. An MPD display of circuit breaker status
based on reliable CB sensors is an excel lent candidate for workload
reduction and flight safety improvement.

o A time-indexed voice recorder wi th in-fl ight playback capability
appears to be a useful aid in 2-man flight deck operations .

o The complex engine start sequences which still includ e a requirement
for fast pilot reactions to rapid changes in engine parameters should
be the subject of a study l eading to an automatic start program for
the IDAMST.

o The near future availability of GPS hardware and its expected
precision makes this equipment the basis for a possible replacement
of the present, complex , SKE system (APN-169). With all aircraft and
GPS zone markers on a common grid , station keeping performance using
GPS should be equivalent to or better than the present SKE system.

o The detailed manual activity required to establish and execute an
airborne radar or station keeping approach makes it almost mandatory
that, beyond several manual inputs , the IDAMST concept be able to
present complete approach diagrams which include aircraft position.
In addition , steering signals should be available for manual/automatic
operation.

o During the analysis it was noted that under some circumstances reliance
on the MUD as the primary source of flight information could be
dangerous. As an example, consider a C-14 formation employing SKE .
If any two aircraft penetrate the same time slot , and a proximity
warning is sounded , the pi lots must transfer their attention from
MUD’s to SKE PPI’s prior to taking evasive action. It is possible
that a collision could occur before the proper break left or right ,
or climb/dive decision is made. The proper solution to the problem,
of course, Is to further integrate the system to provide evasive
steering commands to the HOD.
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7.2.4 IDAMST Benefits to C-14

The exercise of the IDAMST mi ssion analysis tasks leads to several overall
conclusions :

First - An automated/integrated system built around IDAMST concepts promises
to decrease C-14 flight crew workloads to enhance efficient performance of all
AMSI missions , and flight safety.

Second - The character of the IDAMSI system provides a compatible building
block for C-14 application to special missions . Examples are:

• EMI/ELINT . Delivery of Sensors and Ordnance

• RPV Launch/Recovery . Gunship


