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FOREWORD

This report describes the results of a study performed for the Air Force
Avionics Laboratory by the Boeing Aerospace Company, Military Airplane

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 April through June 1976, under the direction of

Mr. David G. Tubb, Program Manager.

The author wishes to acknowledge the significant contribution to the program
of Messrs. John Andrews, Al Crossgrove, Downey Cunningham, Harvey Kanemote,
Paul Kappus, Joe Musgrave, Doug Smith, and Dr. Leroy Smith of The Boeing
Company, Jim Gracia and William 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 Analysis Work performed in
compliance with the Air Force Avionics Laboratory (AFAL) Work Statement included
in Contract No. F33615-76-C-1099. That contract supports the Phase I develop-
ment of software specifications for the Integrated Digital Avionics for the
Advanced Medium STOL Transport (IDAMST). Development of the specifications is
an extension of a study performed by AFAL which defined the IDAMST conceptual
design. The final 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 aircraft
designs by two contractors. The Boeing Company is responsible for production and
initial testing of two prototype YC-14 aircraft while McDonnell-Douglas will
perform the same tasks on the YC-15. A fly-off between the four aircraft will
be exercised under Air Force direction to determine which of the two competitive
models 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 fairly 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 determined by
studies directed toward assessing how well various crew sizes can handle the
required functions involved in performing AMST missions. The IDAMST studies

being conducted by AFAL are directed towards employing advanced concepts evolved
from the DAIS program to develop a candidate design for the AMST aircraft 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 could be potentially in-
corporated into their respective production designs. The following paragraphs

in this section provide a brief introduction to the IDAMST C-14 and the missions
to which it is addressed.

The C-14 will be a twin engine cargo aircraft which derives its STOL capability
from the aerodynamic effects of upper surface blowing. Under the IDAMST concept,
the avionics equipment will operate as an automated/integrated system. The




equipment 1ist supporting required C-14 mission functions is shown on Figure 1.
A1l flight and subsystem control will be exercised by a minimum sized crew.

For this study, the flight crew was assumed to consist of a pilot and copnilot.
An additional crew member will be required to perform Load/Jump Master duties
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 significantly, 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.
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SECTION II
STUDY OBJECTIVES AND TECHNICAL APPROACH

2.1 This study has had as its objective the definition of software requirements
which would be required to support the development and operation of an IDAMST
system. Study emphasis has been concentrated on the navigation, communication,
and other system functions uniquely associated with AMST mission. Outside of
the scope of the study has been those functions which support flight control.

Mission Analysis tasks which have been exercised in support of study objectives
have sought to identify C-14 mission functions as they are partitioned between
the man/machine/software elements of the weapon system. Beyond that, the soft-
ware function has been amplified to serve as a guide to software Engineering

personnel as they develop specifications defining the IDAMST operational soft-

ware characteristics. The following outline provides an overview of the considera-

tions and tasks which were included in the study effort.

0 Performed a detailed review of the three mission scenarios provided by AFAL
in Appendix A of the Contract Work Statement.

o Used C-130 operational documentation as a guide to air drop tactics with
emphasis on subsystem employment in mission modes.

0 Reviewed the predicted performance characteristics of the C-14 in relation-
ship to the mission sequences called for in the scenarios.

o Coordinated with systems personnel the operational procedures involved in
using the equipment called for in the IDAMST equipment list.

0 Reviewed the Digital Avionics Integrated System (DAIS) concept in order to
identify software functions which are transferrable to the IDAMST system.

0o Developed time lines for all AFAL mission scenario sorties.

These diagrams graphically broke individual sorties down according to time
frame to correlate: aircraft 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 aircraft and ground
based air defense units including ECM. The complete time line analyses for
the three day mission scenario are included in Section III.
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Developed composite mission scenario.

When the time line analysis was complete, it was obvious that each of the
individual sorties flown during the three day scenario contained segments
which imposed unique demands on the C-14 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 development of Subsystem Sequence Diagrams (SSD's) and
Functional Sequence Diagrams (FSD's) on C-14 tasks where analysis of IDAMST
was needed, these segments were integrated to form a composite mission.
Figure 5 graphically summarizes the events included in that mission. The
segments which are contained in the six circled regions have been designated
subjects of second level FSD analysis, to be discussed shortly.

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 simultaneously being performed may include navigation, communica-
tion, IFF, 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 individual programs required 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 AMST
Required Operating Capability during a given 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 this study are included in Section IV.

Developed Functional Sequence Diagrams (FSD's)

As Figure 6 implies, FSD's are directly related to the mi<:ion scenario. In
fact, they are the graphical single thread which link individual SSD's to
tasks to be performed in the scenario.
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As an analytical tool, FSD's are useful in several different ways. First
? they serve as a test to determine the availability and completeness of SSD's.

Where deficiencies exist, the void can be identified as the subject of
additional SSD development. Second, by correlating the simultaneous SSD
functions called for by the FSD at a particular time in the scenario, it is
possible for the analyst to scope man/machine task loading in gross terms.

Two FSD levels of indenture are included in this report.

The First Level has been used to facilitate the analysis of a complete
single sortie selected from the various missions flown in the three day
scenario. This FSD format provides insight as to the simultaneous
activities of the three (pilot, copilct 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 analysis generated during the study.

The Second Level FSD has been used as the basis for analysis applied to
instances of high task loading occurring in the composite scenario. (Refer-
ence the six circled regions of Figure 5). This particular approach
focuses attention on the interaction of the individual 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 itself amplifies information on soft-
ware/hardware functional requirements. Section VI includes the Second Level
FSD's dealing with composite scenario events.




SECTION III
TIME LINE ANALYSES

A detailed overview of the flight crew tasks and functions was obtained by
describing on a rigid time base the actions necessary to establish the scenario
flight profile. As can be seen in the following pages, each action is defined
within the total context of the flight. Any interfering requirement is evident.
Consequently, each action can be identified in relation to all other actions

be they aircraft, flight crew, or ground related. This format quickly points
out potential excessive workload problems.

As a result of the following analysis, potentially excessive workload 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 flight modes:

Mission I TIME

Aerial Refueling (Formation) 0640 - 0712
High Altitude H.E. Airdrop 0312 - 0336

Low Altitude Airdrop 0336 - 0400
Mission II

CDS Airdrop (Formation) 0548 - 0624

Airborne Radar Approach 0624 - 0638

Mission III

LAPES Delivery 1000 - 1032

STOL & Combat Offload 1032 - 1048

Departure Engine Failure 1046 - 1052

VOR & ILS Approach 1052 - 1104
10
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SECTION IV
SUBSYSTEM SEQUENCE DIAGRAMS (SSD'S)

4.1 OVERVIEW
Prior to the start of SSD development, significant segments of the composite
mission were indexed to the time Tines included 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 performance 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 Diagramming techniques were used to test the extent to
which the existing SSD group met scenario requirements. Table 1 summarizes
those SSD's which have been completed. It also identifies a group of SSD's
which are required but, due to time constraints, were not developed during the
current study.
TABLE 1
SUBSYSTEM SEQUENCE DIAGRAMS (SSD'S) IDENTIFIED DURING THE IDAMST STUDY

FIGURE NO. SHEET NO. TITLE

61 1 GEN DATA INPUT/ERROR CORRECTION

62 1 TRANSFER DATA FROM ONE MPD TO SECOND MPD

64 1 COMM,. SYS. - ICS/PA INITIALIZATION AND USE

65 1 COMM. SYS. CHANNEL SECTION - PRE PROGRAMMED

66 2 COMM. SYS. CHANNEL SECTION - PRE PROGRAMMED

67 1 ENERGIZE AND INIT. NAV. SYS.

68 2 ENERGIZE AND INIT. NAV. 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) WITH MAN FIX

72 1 EXEC. OF FLT PLAN (AUTO OR MAN) WITH PROVISION
FOR REPLANNING

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

74 1 COURSE OFF-SET (BASED ON ESTABLISHED FLIGHT PLAN)

65
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TABLE 1 (CONTINUED)
FIGURE NO. SHEET NO. TITLE
75 1 HOLDING PATTERN - CREW CONFIGURED
76 ! 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 INITIALIZATION - DISPLAY INPUTS
82 5 SKE INITIALIZATION - DISPLAY INPUTS
83 1 SKE OPERATION
84 ! SET UP AND EXECUTE EQUIPMENT AIR DROPS
85 1 AUTOMATED CHECKLISTS (INFLIGHT REFUELING) 4
86 1 EXPENDABLES INVENTORY AND MANAGEMENT - INITIALIZATION
87 1 EXPENDABLES INVENTORY AND MANAGEMENT - OPER. UPDATE
) TBO*  IDENT. FRIEND OR FOE (IFF)
. T80 DEFENSIVE SYSTEM
g T8D TEST SUBSYSTEM H
4 TBD RADAR CONTROL SUBSYSTEM ‘
: T8D FLIGHT CONTROL SUBSYSTEM
. TBD MISC. AIRCRAFT SYSTEMS
/ T8D GROUND PROXIMITY WARNING SYSTEM (GWPS)
" T80 SPZCIAL PURPOSE ALERTS
» TBD AUTOMATIC DIRECTION FINDER (ADF) SUBSYSTEM
: TBD OPTIONAL DISPLAY MODES

T T Sy S S I

* T0 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 Figures 61 through 87 emphasize the role of "Computer
Functions" in coordinating "Cockpit Functions" with "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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fication. Each SSD function involves data input from a specific source, computer
processing of the data, and finally output to a predetermined destination. The
objective of the SSD then is to provide information on the types of messages
that can be expected to be transmitted through the system, and the levels of
software programs that are needed to handle them. Programming levels of
indenture then span Executive Control including prioritization through applica-
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 that partitioning during
their analysis of SSD functions.

It will be noted that decision-logic notation is frequently used throughout the
SSD's. This device allows the analyst to provide information to software
personnel as to system and crew actions that 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 functional overview), the SSD format allows
for feedback loops as opposed to the strict time base suggested by AFAL. This
allows a more concise representation to the process displayed 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 either one of them have the equipment, and
could have the responsibility, to perform the required tasks.

"Controls" - This column is used to designate which dedicated or multipurpose
controls are used by the operator to accomplish a particular task. It is also
employed 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 displays
for data presentation. That selection is shown in this column.

"Subsystem Functions" provide three separate sub-columns ("SYSTEMS 1, 2 OR 3").
These areas are used to illustrate how hardware systems, whose operations com-
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plement one another, are interfaced under computer control. It is recognized
that systems such as the navigation system usually 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" columns.

The "External" column is used to show how cues originating outside of the subject
C-14 effect that aircraft's system and crew functions. The cues may range from
through~the-windshield visual observations to subsystem receipt of Electro-
magnetic radiation signals from external communication, navigation and radar
systems.

The last column, "Time, Priority, Remarks", is used by the analyst to amplify
the illustrated SSD flow. Wherever possible the comments have been noted
adjacent to the flow segment to which they are addressed.

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

4.3 SUBSYSTEM SEQUENCE DIAGRAMS - ANALYSIS

Most of the analysis which has been performed during the study is summarized on
the individual SSD sheets. The following paragraphs then will provide the reader
with an introduction to each SSD subject as well as amplify points which were
not noted on the diagrams.

Figure 61: General Data Input Including Error Correction
Since any set of operator generated inputs to the Integrated Multifunction
Keyset (IMK) can be interrupted by errored punches, this SSD illustrates
a generalized system logic for correcting those inputs. Implicit in the
sequence is the requirement for automatic positioning of a cursor on the
Multipurpose Display with which the operator is interacting. Through
software the display control group must provide means of repositioning the
cursor forward or reverse to locations of operator selection.

Figure 62: Transfer Data from One MPD to a Second MPD
The Function provided by this SSD recognizes the requirement for reconfigura-
tion after a display system failure. Figure 63 illustrates display transfers
growing out of a failure in MPD #1. This must be accomplished rapidly with
minimum mission task interference, and with little or no loss of mission
critical data. In certain instances where a data loss is inevitable due to
insufficient remaining display capability, the software/hardware suit needs
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TABLE 2
FSD/SSD Symbology

| THE FOLLOWING SYMBOLS ARE USED IN DEVELOPING FSD’S AND SSD'S:
SYMBOL _MEANING
O RECEIVE
O ACT
£ MONITOR
O TRANSMIT
VvV STORE DATA
v RECALL DATA FROM STORAGE.
O DECISION LOGIC

NOTE: A DOUBLE SYMBOL (<::] » FOR EXAMPLE) MEANS THAT THE
FUNCTIGN IS CONTINUOUSLY PERFORMED

AMPLIFYING INFORMATION USED WITH SYMBOLS:

LEGEND MEANING
AURAL
ELECTRONIC/ELECTRICAL

MECHANICAL
RADIO FREAQUENCY

SPEECH
TOUCH

VISUAL

< - v F =2 mMm >
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to be flexible enough to provide for automatic prioritization with manual
override available.

Figure -64: Communication System - ICS/PA Initialization and Use

When the aircraft electrical distribution system receives power from ground
or internal generators, and when the computer has been initialized, the
System Power Logic program enables the Intercommunications System/Public
Address (ICS/PA) system to be energized. Subsequent to that, all control
and use of ICS/PA equipment is independent of the computer facility.

Figures 65, 66: Communication System Channel Selection - Preprogrammed

This flow illustrates how the operator uses the IMK to assign frequencies
for each radio to channel numbers in the computer. When those tuning
choices have been made, displayed, and accepted ("ENTERED") - the tuning
subroutine tunes each radio accordingly. If transmitter 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.

Fiqures 67, 68, 69: Energize and Initialize Navigation System
General Note:

The IDAMST navigation system is based on Area Navigation (R-NAV) concepts.
Consequently the SSD's dealing with system initialization, use, and special
operational features will reference R-NAV nomenclature.

Figure 67 shows software interface management of INS hardware initializa-

tion and alignment under operator control. Simultaneous with alignment, the
flow reflects operator interaction with software via the IMK in setting
flight plan operational parameters. These include waypoints with 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 "NAV MODE" to initiate operational functioning.

Figure 70: Execution of Flight Plan (Automatic or Manual) with Provision for é
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

aircraft 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 flight director
and, if the aircraft is under manual control, the pilot makes the required
control inputs. If the aircraft 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 designated for the computer as datum for calculating a
navigation fix.

Figure 71: Execution of Flight Plan (Automatic or Manual) with Provision for
Manual Fix

System activities 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 either the pilot or copilot.

Figure 72: Execution of Flight Plan (Automatic or Manual) with Provision for
Replanning
Again, the basic flow for this FSD is derived from Figure 70. The additive
feature is the operator's interaction with computer using the IMK and MPD to
accomplish a flight plan change. As noted, the change could involve a single,

re—————
Y S R

or multiple 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

e e

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-14 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.

Fiqure 74: Course Offset (Based on Established Flight Plan)
This flow shows how the flight crew can preplan course c¢ffset which, when
called, provides steering commands based on the stored flight plan.

Figure 75: Holding Pattern - Crew Configured

A holding pattern of any geometry can be set up by the flight-crew using
this subroutine. The pattern may Le configured in either of two ways. The
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first involves inputting a series of LAT/LONG pairs to define the pattern
Timits, while the second would call for "hooking" terrain features on the
moving map display in sequence, and designating those points as FTP's. For
the latter, the computer converts the map points to LAT/LONG pairs for flight
plan execution.

Holding Point Execution is shown on Figure 77.

Figure 76: Holding Pattern - Circular About an Input Point
By designating for the computer a center point (LAT/LONG or, alternatively,
a "hooked" position on the moving map display) and a radius, the flight crew
can establish a holding period in a minimum amount of time.

Figure 77: holding Pattern Execution

This flow enables implementation of either of the previously discussed hold-
ing patterns. The software logic will implicitly provide steering commands
for left-hand turns unless directed otherwise by the operator. Not shown in
the flow, but important, is the requirement for a diagnostic routine to
reconcile pattern parameters with commanded aircraft kinematics. Calculated
output would provide the flight crew with resultant bank angles, turn times,
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 available to the operator in setting up the SKE. It is possible that
this set-up could be preprogrammed for all aircraft participating in a sortie,
but with the aircraft role differences from mission-to-mission, it seems
hardly worth the added complexity.

Figure 83: Station Keeping Functional Operations

This flow summarizes all of the recieved and transmitted time based signals
on which SKE operations are based. The way the signals 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 system for additional processing and use; and those which get
subdivided into normal and alert messages for use in the displays group.

figure 84 Set Up and Execution of Equipment Air Drops

Ae swsrview of interrelated functional requirements for precision air drops

e an this flow It tracks how integrated sensor system data (Naviga-




tion, SKE, and DZ Beacon) is used to set up modes of operation (auto and
manual release techniques) with implementation functions facilitated by pro-
visioned hardware (cargo door, tie down unlocking, and exit sequencing).

Figure 85: Automated Check Lists - Prepare for Inflight Refueling
There are a large number of check 1ists, procedures, and performance data
presentations that can be displayed by an IDAMST type system. Some are
merely for crew reference purposes (aircraft performance check lists) while
others require crew/system inter-reaction. A third type is the completely
automated check list which is: (1) called and executed automatically after
a set of conditions has been satisfied (gear up, flaps up, aircraft on
climb power - execute after take-off check list, and report results);
(2) called manually, but executed under computer control. Figure 85 is
an example of the latter. Subsequent to operator call-up the software

< commands avionic subsystem control change, and reports the results out for

Display.

T

Ghivioet

Wherever check lists are called for by FSD's, Figure 85, the intent is that
this figure represents a check 1ist concept rather than the precise check
list called for by the FSD element.

Figure 86: Expendables Inventory and Management System - Initialization

i 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
examples: fuel and oil filling is sensed; while cargo compartment loading

is furnished via mission tape or crew input. Weight 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 anaiysis routine combined with the functions shown
in the flow would be required to facilitate the operation of a full scale
energy management system for the C-14. In its simplest operation, the
concepts shown in Figure 87 would assist the crew during in-flight mission
replanning, and assessments of safety margins. In the extreme, output data
could be furnished directly to subroutines which could determine optimized

weight distribution, control surface configuration, and power applications
to produce maximum airplane performance in a given mission.
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FIGURE 63: Data Transfer Between IDAMST Multipurpose Displays
(To Resolve a Display System Failure)
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ENROUTE SEARCH
FORMATION AND
FLIGHT REsCue
ASSEMBLY
(9 AIRCRAFT)
CONVENTIONAL
TAKEOFF
EOF 46—39’ HIGH ALTITUDE
. HEAVY EQUIPMENT IFF LOW ALTITUDE
J’ DROP TROOP DROP
( Toe %, (LAIRCRAFT)

oz S cm——

——

CoMM
ﬁg - h R gf:e‘gr%zu
’7£ -b CCT CONTACT
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- =

FIGURE 88: Missfon Events Covered by Level One FSD's
(First Sortie of the Second Day)
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5.1

OVERVIEW

SECTION V
LEVEL 1 FUNCTIONAL SEQUENCE DIAGRAMS (FSD'S)

The Technical Approach, Paragraph 2.1, introduced and defined Level 1 FSD's.
This section contains the Level 1 FSD's which were developed for the IDAMST
study, Figures 89 through 104.

From the Sorties included in the AFAL three day mission scenario, one complete

sortie was selected for this analysis.

Day's set of missions.

It was the initial sortie of the Second

Figure 88 shows the highlights of that sortie. The
following outline amplifies the illustrated sortie events for Blue 4, the air-

craft of principal concern:

OVERVIEW:

o First element -

Second element -
Third element -

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

MISSION SEGEMENTS:

Blue 1-3

o 9 aircraft in 3 elements assigned to basic mission

Blue 4-6 (this narrative based on Blue 4)

Blue 7-9

(12)

Related to Downed F16
Landing

NO. OF
EVENT FROM TO A/C O0BJECTIVE
(1) Takeoff Rhein-Main Schoningen 9 high altitude equipment drop
(2) Normal Enroute Rhein-Main Schoningen 9 high altitude equipment drop
NAV/COM/ IFF/ATC
(3) Mil Radar Coordinate Rhein-Main Schoningen 9 high altitude equipment drop
THREAT/FRIENDLY A/C DATA
(4) Orop Preprations Rhein-Main Schoningen 9 high altitude equipment drop
(5) mh Altitude Equipment -- Schoningen 9 ground force re-supply
P
(6) Low Altitude (1500') Schoningen Klotze 1(Blue 4) Special Forces personnel drop
Penetration of E.
German Air Space
(7) Drop Preparations Schoningen Klotze 1(Blue 4) Special Forces personnel drop
(8) Request and Receive Schoningen Klotze 1(Blue 4) Special Forces personnel drop
Airborne ECM Support
(9) Special Forces -- Klotze 1(Blue 4) Covert operations
Personne! Drop
(10) Enroute Transit, and Klotze Bremerhaven 1(Blue 4) Recovery
Repeat (2)
(11) Search and Rescue Klotze Bremerhaven 1(Blue 4) Search and Rescue

Bremerhaven 1(Blue 4)

Sortie completion
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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 various aircraft subsystems. As appropriate, the flow defines which
system commands 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, specifically - "Communications", "Navigation", "Flight Controls",
and "Sensors". Notes on each application give the specification 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 "External" column is included.

"Operator Notes" amplify the crew activities called for in the scenario, while
“Software Notes" provide information pertaining to computer interface of hardware
subsystems with 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 indicates 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 decision logic notation are infrequently used in
the development 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
communications, for example), the device of illustrating the flow with a
closed loop is frequently employed.

STBoL MEANING

@) RECEIVE

O ACT

(] MONITOR

() TRANSHIT

v STORE DATA

v RECALL DATA FROM STORAGE
O DECISION LOGIC

WTE: A DounLE sveoL () . FOR EXMPLE) MEANS THAT THE
FUNCTION IS CONTIIOUSLY PERFORMED

APPLIFYING [NFORMATION USED WITH SYMBOLS:
AESEN JEANING

A AURAL

3 ELECTRONIC/ELECTRICAL

" FECHARICAL

¥ RADIO FREQUENCY

s SPEECH

4 TOUCH

v VISUAL

It will be noted that the Level 1 FSD's do not call all of the SSD Functions
which are included in Section IV. This occurs because the SSD's were generated
with a narrow view toward defining aircraft multimode functional capabilities.
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 IDAMST 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 AMST 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 selected mission
segments for the first and third days mission (see Figures 2 and 4) are provided
in Section VI by Figures 105 through 135.

105




FleuRE 89 [DAMST QPERATIONAL SEQUENCE DIAGRAM
DIAGRAM NO. o8
TITE MiSS10n:SEGMENT - RHEIN Mmin) (EDAF) To ScHon/neEN (D1)
PILOT COPILOT | COMPUTER| COMM, NAV. LT.CONTR,| SENSORS OTHER EXTERNAL
S5/ © L5,
S8 S /
OPERATOR NOTES: /S/S/S) SOFTWARE NOTES:
T J | <IN 1T 1AC COND 1T+ 0N T
e For Are SarEme 5 g
cn{at Ak Srarvs - : z;ia ”;mh' %
Ao WK REowonD ; e | Nunl%‘q ;:;l“‘:‘::
o et ® :ﬁ; aar § Mrtyen
l \ n. l:rzmn INHER -
l Ewr To BAS: < ProsRasm
Have Begn RRARICD,
| *IF TAPE SEncRATION
Tl e FACILiTy EX15TS AT
IiriacizE NAY Sys | ™3 AELD, WAV,
Fleurl &7 / Flréere 73 l INITN § PLiGur PN
I I | | INPYTr 18 Auroanne
{ | l [ ' ¢ b g WiTh TAFE CCADIN,
| | | | ‘ |
o e Se s |
| °
| | I | £|(ash) =
0i:30 16 02 vo — += T =
CLe BRIEF WE 'é‘ ’ " | ! é é
; 6f /Fieurs 62 | . Duromnrep cuecre £
oz.yo7e 0L ¥y Lisy8E 85" {Arevey / e | LisT Perroamance  E
k‘c?-:: m"" » ' i AND REMRTWNG, £
I Arows omeart £
s : n nrELACT
COOROINATE Creex|[n — T .
Lsr Flemenis @“ G ' ;/;r;:;:ys oM 3
|
I Derecrer !‘
Discacrancies
v T K E
01 w¥ 10 02 4 @ |Fieqee  8s PROPULSI0M SYS) ¢ Same As Ales é:
PeERFORM Enems ST [ l | =5
CHBCu LISTS —h | | o=
; WailSN | { i
{ | } { ! | -
1 \ s v
o296 | “ ! e FreuRE &3 ol .« e €\ Sgeer .ﬁg
Courrem RCADY TP | D 19
Sranr Ensines I 3
0
l be - l o5 il g
% 16 UR :
0z v7 i b + cChANME L SCLEET =
Ecamenr Renoy Te ’ \
SrARr FnemES ORDER =
RECE/vED 7O START Sub: ME § " }
21477002 O | |
STARIING ENEwES ] ’ . Freveg 780 o PROPULSION Sys
#5315 7 v e Tl [ '1 { ' %
(oML TE PRC Taxe 1
CHECK LIsST
< ; 1
Fi6uRE 75 _ D
Al UP § 1D oA T o DisPuA
kgt 30 Ly 4o ® Ore A | || |sm i d 4
oo ” 78 =l
i v T OB | | e e
- .
- R FCT DspAY
£
Rose Ty, Wt OIS Freves | l‘fr - Cunmwe L Sewee
& ~i1eyn & 65 -
Coonr Wressan fon Toes ® o L e Seuex -
« AUTS AMATED
Pearorm TAN! Cneke r
oIS — Cheem ws
3 Freveg 85
~ P o rowm: 2 o " = L_L’
VEAR/ 6-27-b (PEVISE "“-7‘)




FI60EE 90

IDAYST OPERATIONAL SEQUENCE DIAGRAM

DIAGRAM NO, L OF /e
TITLE SECOND DAY S MiSsion SEemEN T - EDAK T4 DI

> PILOT COPILOT  |COMPUTER] COMM. WAV,  FLY.CONTR] SENSORS OTHER EXTERNAL
V) o A
A, &
OPERATOR NOTES: 84 SOFTWARE NOTES:
g2.50 ™0 ot 58 B et W Tt T S
~i1eurRE 78D PROPUSION 3 YS
TAN! 10 &ng OF Rum~ o‘ i -}
wAy b
o e
ViSume CUES
RE] 85 foea -&\
Fi16URE s  AUTBMA
CnEcK SysTEmS dl—'dd * A TEO Cwecx
OPBRNT IO ) Per GQ bp‘ / o
FaRMm BeFOME Mt - q
Orp CHECK LISTS . ! i ﬂ INTERPRET TM <
DUrArE meaTwek l :‘;“”:“ ;‘“’“""‘
a5 eA e
el o [ | RAAR, f REFIMAT
} ! | VHE MPD DsPeAy AR
Cowreoc k) | | NEw MO E
WATRUC TIo0: Swiem | J
™ Twee i | |
o1 5% a J (L]
Swirew ywer¥ To T * CrnanmEl SELe
Buwe | rrequEncY [ % —~ £ "“’“ Lol
[ ! vue { !
SWITCH VWE T Rk }o) Cuanmel SEEer
FrGauency ‘ dﬁ FrevrE &”‘
{ \ '
e
Swiren Ywg®e To | "
Wne Ay iV TERPLAYE { LF16IRE 65 EnpmmE s SEger
FREQENCY d =
3 ] S«E| Al
@;::y:’n?m‘ + REcEIVE SxZ
A& - Commane Aro
mMESSALE 1 INTERPLE T Fol.
01:56 | I £CT Dispiay
OBSELVE B-/,1,(3
rAKE-0r~
Q2:565 PROPY S O
TAX( INTO TAKE-OFF S¢s
Pos rion HevsT
s 5 &
PrEss € ow Fe « TN TER PR T ThE
CONTRDL NPT
§ XM, T Pracven
ORIER LINE UP IMecr Yy
Ligr
PERFORM LINE-UP cAUTomMmATED
enbew Lisr $ eoeenuSr
| 780
BRING ENGINES UP tﬂ- e I ;QDL_, Thpvs
S Rk
1
| | NOTE: FROM THIS POINT ON PROPULSI/ON AND
FLIGHT CONTROL INPUTS Wit B8 ABBREVIATED
»s Io“‘aux‘: l l
@3.00 bl it o
Braxs &r.case mol gy Floure 740
COwTED! MpUr Niwe]
TOKE OFF Rurs L
ASS/T Om TnsliTLES Lag t -+
2 v ur FIloyRE &5 Ip s CremmmE s SELEET
'‘Second + -
RoLeve | ) ) S )

07

SHA/S-28 -6 (£EVSED 6-20-%)

FIGURE 20: Second Day's Mission: Segment - EDAF to DI




OPERATOR NOTES:

[DAMST OPERATIONAL SEQUENCE DIAGRAM

TITLE _SECOnD DAY'S Mission'SeomenT = EDAF To D/

PILOT | COPILOT [coMPuTER| COMM. | WAV. JFLT.CONTRJSENSORS | OTHER  |EXTERNAL]

AR

< TALE -VFF n AecRSS
. CMECKRS CO-NO-60
PRRAMCICRS { CAces]

()

T CRITICAL
Seccus

*IN PRUMA R
CowrRot

o3:0/

- RorAT w {LiFT0iA
s(omMmAND s "GEAL
v

R € CENR

- Gcarois UP

wommane s Faoy Ur”

< FLars ARE UFP

+ REPORTS RESULTS
OFF cneex LisT
Execurion

« SET TWE MoDE

. SET TWS MODE,
MONITOR OTHER.
RIC W FokMA 710N
AS TWEY BecomE
AR PoeNE
4:03
CALLS DEfARIRE
Cowroe, THCY
REQULST IFF

SQuAwK,

* ENNSLE TROVS -
MSSION oF IPF
S16mAL

- COORD INATE
Alc STATUS Auwe
wrirn SPEED ANO
ALTITVDE WFoL -
MATION

« XMIT SECOND
Ecemevy
peppRrURE
REAPORT

bs s0

LATA

3"

L3

L

5
Wi

g

.
SCCoNP TURN
SienA L

Py

CRITIATE TURN

<ENABLE XMiF

Py Uk
£ W ALCE
S K€

oF "E

2
i

e

MowiTOR AcCELEL,
FPRogiLE, REPOR T
Srarus, ‘ XM T
OUr-0F - TOLCW L
ALcrrTs

«Mow roR { Drseay
Gend sTATUS

« Mow 1732 § DisPLay

Ftap STATUS
MonToR | DisAny
HyYDRMW Lic QTY. §
PRESS STATUS XMIT
OUT-GF - TOUIANCE
ALERTS |

« FlLArs {6ENRUP
SIBNPLS INDICATE
TRKE OFF CONOIT 10NS
HAVE BECN MET,
SYSTEM ATDMATON «
Exced TES"AFTER”
TARE OFF Creex
iz
~CrAnGE W EATHE
£ADAC modE To
TWS, ¢ DIstAY On
mPD,
-Cuanbe SKE RADAR
Mo TS Tws €
ASPLAY PPT ON
~PD

s VieE CwanrE L
S€ege’

 RORMAT AND
ENAQLE TFF o6
Xrer Sa5ED On
MANUAL CONSENT

-~ UNP CHANNE
Seweer

« SEB (wnawE
S€weeT

“RORMAT § KMy T
30 sec U NERT

« FORMAT § i T
E'esevrn

JERTw-$-biREVISED &30 -2)

Segment - EDAF to DI

Second Day's Mission:

FIGURE 91:




PN St

S
(3(*;3, / ” Sk Sy
OPERATOR NOTES DAS
©XMIT ELEMENT |
SiArYs |
wx Rnp/)n. |

« SWiTCH [O SCAN |
70 CHECK For TCine
ConDirion S ‘

- SEruP ENROVTE
NAV. RADIOS §

IDAMST OPERATIONAL SEQUENCE DIAGRAM

Flevke 92

DIAGRAM N, & OF 16
T _S&con o DA‘y S Mission:SESmenT - EDAF To DI

mm ] copilor JcowpuTER] ComM. | NAV. JFLT.CONTRISENSORS | OTHER

EXTERNAL |

Yy / ///// //

7

/' SOFTWARE NOTES:
ey ANNEL SELBCT

< Wx RADAR. MOE
SELccrion

WX RADNA R MODE
‘ RE SEcEcTION

|« Exéevie NINE
L INSTRUCT 1ONS

i J*=4 | | vPPATE FeiswiAAN
T S i | |y is fs ko D.
sios ] go——C0 rewee = | | gomares gy
| ] fi« 20 0 FUGNT L
{ ‘ et | L1 | eecomoinve
. iEvEcORF § .ﬂ'r&w(i | FI6URE 780 | | 1 1 H"“’k
sl G 0 i O-00- T p
. 2 v | F ; |
ﬁ:ms{:: o ol 0 g =y Freves oS L Dlawes|.comwee sececr
i 3 -y |
«CALL for CRUISE ) » I ENECKLIST /5
CHECK LST { it |20 l 1 MJNU’T.L Y SEered
« IN/TIAT E CRUISE { Flevre 85 L ::Za‘:r‘:;l:z‘eb
CHECK UST ViA § { a
ImMi INSTEVCT ond | f | | Sysrempisceer-
‘ ! | | |awcies RemerED
|
| ; EL os. mrﬂ.fnﬂs
! [ [ ’ 7o Wekmal smaTvs
307 [ | | |
. INPUT FREQ CHANCE | FRE®R S€wECT
© CONTACT FRAUKFORT | }
RApAR | i
] ‘
i FE |
o owes || @D—00DO@0 T2 O‘f’_ “Gvaies <y o
COPE 2713, ANO j ERO (R VWS gty S s Y P S | ENABLES XMyr OF
IDENT. 3 I'T'cou‘ TN Avro - Mqr,c fu;/cr/wu: S PERFORMT P 7Mcwa/«.1r V| rpewr messnwe
b Flook. € o | ""si«:” 1 : PR S
« Mow) Tore || 83 (Yoo | |Maviearen m <
soromare | AR U
uepnres OF ” i FIGURE o7 i l l”poL G
SysTom whok - t e n
MAFION . bt a | | ;wsrp
! i R R i Db | Novewrory ¢ mar
B bt —'—4—.._ -+ - '—**—. |—T ¢—_j, +—-1hJsvsr€M
fexr . l} ‘
p { b RE
. PRCPARE BLVE | | WALLZ - e . FoRMA 4
59 For e | | @ i ] ‘ ) IEECCTATICR E -
ERArion [ | Ll | | ) Wen 708y Conamane
% [ J i o {1 || Wacokome 78 1mx.
T - J P - T
| /! P
Commm Aecce - | || QD—‘—UOQ L84 . YMT E " CommanD
ERAT o0 RIS 1 | ] 4 i Ar ITmMK INSTR.
208 188 | |V E 1 « AUSO EnANNE <
“CowTACT ML Lt O-] st
RroAR ‘ceont l |
mue* (| r
T80
« TWCREASE POWET,, T 1 -+
T0 REACH 3/0 kD4S| | ( | I ‘
- Y
J:f:f;‘r’ ‘ { Cagéo CompT
“eALLYP 20Min. C i ‘@ - ./unmr Jhsfo};
<LOAIMASTER PER~ cs ,.wmaus-
FoRMs Cfe Wi - TmENT. RETKD:
ICs CookD. AS et DissxAys K€ ST
g & oy A S 1 (R A m‘tm’w"sﬁ
VERJE-13-76 CHECx LIST EENVS

Segment - EDAF to DI

Second Day's Mission:

FIGURE 92:




FlouRE DI

OIAGRAM N0, _ S OF 16
TITLE SECOND DAY'S M!S 8:0N:SESMENT - EDAF TO D!

IDAMST OPERATIONAL SEQUENCE DIAGRAM

[ puor T coprcor JcowuteR] coms. | NAv. JFLT.CONTRISENSORS ] oTweR _ Jextemwal )
/(5 /5
S
S
OPERATOR NOTES: /&/S/S SOFTWARE NOTES:
o [ LI
FIGHTPLAN Fore. e e 7o FreunE
SCHONING EN TROP r/m 8s >l
«INPUT” DESIRED Ske +RECEVE § WITIATE
FLIGHT § SUBSySTEm| AROCESS I NE ON !
ARAMETER S O i -CARP
8E SATISIFED AS i g -SPEED SPéctF
PEREQUs iTE S " -AeT, SPECIFE
70 Dkor Execwr v g [l | ] [ - Mea P SPECIE
l GaE e ‘ | 1 - AecEe fricke
| | 1ol | f i PONTS
1 \ | ~CompPoTE D TIMING
e ‘ - i ALERTS
= ’ | ‘ i 4 ~DRIFT SPeR/ &
< ORDERSTART ® i
Descent "S/ennt
Ow Fex
 (wPUr DESCEN T «FORMAT { Xrs T
Cammare O~ DESCENT (P MPINDs
FCL Wern Spec:- |RCCORDING TO TM A
Frention FoR INPUTS =
20 séc f 5 Sec « B03E6C WRRNNG o
WaRNINIE ; AN TH & =
=" =
[
yelt » SIEC WARNING )
; I ':“ é,
I . xecw TE g
i len | “Cramwee ‘mECT S
. MANEUVER. I £
coorpivaTION § | “
«xmuu«uvﬁ , { ,§’
REDUCE power ‘OD 2
§ s747 Dascent | s
T® /0KFT ! &
-Sewcer FrEQuEsy| | FREQUENCY SFUECT
| 1 -
« COMTACT HANOVER' i i :
RADI© el 3
{ { i~
! | | dzeel | |
. msE 2F || ®~C)'—-—-O-®Défm F"”"L 70, FoRMATs § ENRBLES
Respowse | | {11 XMIT OF IDENT
e I MESSAGE
2 F/ v E 85 J
i B—CO— Q- Oe—= ’ T . Sorrware Dy
fe | |ze '
. ACkNOWLEDSES | | | FA’#'_‘ e f:":':/r: ::a':m
A0MIN C/e ttmu % | ! MPD
D T_?
| i I TN {
uwrmuuxmr‘ froore, T8O ‘
Qp— ) -9
< worés zc sono- | | | bt et
it ‘ 1 1] reo
£
+ TUeus o 28 M| 1'”" T = - - ENABLES AcTIV-
EQuiPMENT i e T | [ | ATION OF ANT ! -
L] Rl ] (e S g
“ LONE SHIP RADAR | | | DO J
WARNS oF Fr6HTEA | | ’ | | %,
TWEEAT, AND OF ‘ || Risvre e . CHANNE L SELECT
AvionAe F-1e
porrAa UnE ¥
H + BCANOWLE DbE
LONE SHIP MESIM, J
-13-76
110
. Cpd
e WS ——




.

FlevRE 94 IDAVST OPERATIONAL SEQUENCE DIAGRAM

DIAGRAM No, __GOF 16
TITLE SECOND DAY'S MISSICN:SEOMENT - EDAF To D/

[ prov T copitor JcowpuTER] com. | NAV. JFLT.CONTRJSENSORS | OTHER

 [externad]

OPERATOR NOTES:

CALLS FoR RISHT
TURN S/6MAL ON
30S€c. MARK

“INPUT RIGHT TVRN
COMMAND Wit
30 s€c Dceay e
ATION

~MONITOR RADAR
¢ Cowrjems
TURNING PoNT RR
Picor

* COOR LI ATE TN,
POINT WITH ELEN]
Alc

323

« EXECUTE RIGHT
TVRN 70 pro”
HEAPING

GIVE (/M joMIn |
WARKIN G {

< LM ACKnOWLE

| CARGOCOMAT
LlepRE 8BS D/sPLA

CCALLYP 1O MIN
CHELK LIST O£

oLm ExECUTES CJL

*ORDERS LEVEL"OFF

« INPUT LEVEL-OF F | Figore ©8
INSTRXTON TO

Ské&

->300)

|

© LLVEL OFF Afc ON

COVRSE INBQUAD 10|
Deror - o
| FlreureE 780 W eSS 2ED Wy |
-DereessveizE | OO—0- 00— ABsEn T
CABI IN PEEP, Fok | | SEnsED DATA ALrs o0&
DROL, MON I TOR.

V=it
Fl6vRE 780

Pt

i | 85
« INITIATE RUTO - i (Lndotid

T
|
) . l
MATIC EXECUTION ‘ ’ | | { | I r I |
oF puenrcaews| | | | P ‘
. i

« JURN OFF ANT -
ICE SYsTEM

|
PRESS. EQUALIZATION i
i

oM. Crecke |

/ST, Monrer

RéSoLTS | i | ' i 1 ? ‘/“' ? :
UM INPITS LAST '@‘_q._kj@ b1 e {
LLEMcwT OF (NG s | | ‘, 5
| L
|

comPr. 1omw Ele. | | i
+COORDINA TE I k O |

JOMIN C /L
RESULTS
« CHECKS NAv

POSirion wirH
RAPAR.

m

. FORMA I ¢ x M1 T
RIGHT TURN (omman,
Wiry 30 5EC WAk
S(ANV, on S SEC,
f & Whaw i

© LORMATS KM (T
S S€EC WaKwInG

» FORMAT § X811 T
'Exscors

|« FORMIRTS ¥ ROIE
TERRAIN | TARGET
FEATURES 7D PROPER

| |eroemar € ispny

1OMIN C/e 7o 4/Mm.
| &M INTE EACTION
@iyt /e DISPLAYE.
|70 FLi6nT CREW .
|

CFORMATS € XMITS
| LEVEC OFF @mmiave
| Wirn INBEDDED B0 S

s, §E aMmisus
\xryr SSEC
| warnivE
! g fe €2,
" _).3_00; xmir Ececure
i
|

|+ EnmBLEs TME
INSTRUCTION To
|Envion M ENTAL
LONTROL SYSTEM,

*BundLE Imi
INSTRUCTION T
ANT-TCE SYSTEM

CEXECUTE FLIGH,
CREW'S 1O MiN.
CHECh LrgT

« RECORDS § Disrery
LM [OMiN CJC To
Fridsm r CREoW

- LoRMATS  KouTe.
z:mv m‘ 124

e

Segment - EDAF to DI

Second Day's Mission:

FIGURE 94:

i M o ittt 0 A s i



OPERATOR NOTES:

FIGURE 95 IDAMST OPERATIONAL SEQUENCE DIAGRAM

DIAGRAM NO. _ Z.OF /G
TITLE SECOND DAYS Miss/ONISESMENT - EDAF To Di

[ pror

~CONTRCT D@
RAND O8TAIN
PERMISSION Fol
bRoP

« LOWE SHIP RADAR
UPDATE On FIETER
THCAT SIVES Flle
LOCATION ; AD VI <

~CONTACTS BACK -
WASH" Ano

ZFF MODEg 4-70
MODE 2 /N RESPONSE
7o INTERROCAT 1a W,
BACKWASH AROVIOES
FI6HTEN THREAT
2474 ¢ Dimecis
,kr'u'mv 70 MOKE

“MON 1TORS RADAR
£ KvAv SysTEM

Bs A/ APPROseRS
23

CALLS PrRE IP

<PRSIES M WARN To b

ORDERS SKE SUw
Down S1empc

“INPUT SLOW DOWN|
Comman'p

227

| copror Tcomputer] comm. | NAV. [FLT.CONTRISENSORS | OTHER  [ExTERNAL]
7

|
Fieur &
=T

83

{

!

« Repuce Fou

7o Sow Ale For
brolr

« DEPLOY SPeED
8rAwes

+ TURN ON RED
LionwT

+STA81L/12E5 AT
/2oxzas
- SPEED BrAkEs UP

" CAUS UP &6 MIN
e

- Wine FLAPS: 30°

* REQUEST Premission
5 0PE A0S0 DovE
» ORINTED

Y
(o]

SSvamm wonares
dose orem”

ensvAL ConFim -
Arien”

b |
Dt

L
Fiets. 4
16uRE T8

iy

T

i'OO@‘
3O

RERE

0o
o
1
g

|

SOFTWARE NOTES:
|
Fireure Y“” « FREGUENC Y
i sswser
o JJ ‘L
BEEERY
| { i
1 — 13 %
[ 1 | | zowe FRANE
T = -
‘ | R (582 Sl R 1=
FIGurRE &S, | . CHANUE L SEUECT
Y f
; Lo | peliuf ELliby !
| Llowemr} | 30 E T DT DT '
- - @' | |FrurEe os Baccwasn|» Cvannet Seceer
I 1 ) I | o DA
j I | el
| Figore_ T8O FORMAT f KaerT
¢ ! e TR R | | [/£7 mope 1-20
e | | || | @ move v
! ! St 1
1 |
[ i [ |- Formats 177
RACHR. MIDE /-3) FOR MMIT
4“"“5"@ 70 i | O Comarnn D
T
[ i
@ ‘ | JEs | | mieure 6a

«FORMAYT ¢ XA T

20 SEC WHENING N
Slow down

- Foamar ¥ xre ™
S SE& Warm At

On SLowdd wN

. EDRMAT § Am T
‘E¥ceure

TwreRPRCTS
ENASLES Thjk
INSTRUCTION Fott
RED LIGNT 0N

o« Execures bnw cle
~PRESSURIZY OF F
~RLrmeETERS, SeT
- SKE SECMORY

fomrrer Pani:SeT

«DETECT | REPOR T
CARDL DoOR STATUS
OV MPPPS ALLRT
nren

Segment - EDAF to DI

FIGURE 95: Second Day's Mission:




Fleuee 96 IDAMST OPERATIONAL SEQUENCE DIAGRAM

DIAGRAM No, __ 8 0216 -
TITLE SECoD DAY 'S Mi38:0n: SEEMENT - EDAF To D)

PILOT COPILOT  [COMPUTER| COMM. NAV. [FLT,CONTR[SENSORS | OTHER  [EXTERNAL
S S
S 8
oPERATOR NoTES:  &T/S/S) /SIS il #ars & ¢ SOFTWARE NOTES:
gy < S AK EA LR &
CoURSE FOR DReP | ! ‘ I
CMAN, 6MW L A =
CARSO (NPT CINACE ]| | |
*RC KNOW s De MENT 1 T e t T 5 g
1 } 1601 | | « FORMATS D13Pn Yy
+CORRELATE RADAL v e ; i OO L0 Bl it
WiTH Wav DaTa | | 1 l r | [ | ; REArUeCS
< PRoV Q& Pror DR : ! i G i a
e | | ® I - ‘ by ? Pl ] | (pmyaysp‘: 4::: 1
 EFFECT CoRs & { il { | Darn
CHANE ES TO LinE Ut i Fiéure __TBD fie by
wirn D2. . ; >O-OL0)—— ' i) |
3:32 | | | Y |
- ONE Mm. WARNIN & ’ Y [
To (/m boed ;
« RC KNOW L EDEMENT Y ) |
- N CIL Com | I +SYSTEM SENSCS /AN
S = | Fl6UrRE 85 SRR || G s
I} 2 m | | (&2 v - Baécn i
b ‘ o= ’ |1 |cewr ? Fuewr B
" 1 { . cecw o~
PrESINNEL CLiNR 08 £l < 1 AICORE et O&U R & s
CARGC Prccers® [ [ ] [ | ‘ 27
-Rosen' L B0 » g
233 - SySTEM SENSES Tl
+MOTES THRT RED | CARP fHEN METIRS ARE ¢
LISHT IS O, Mowr T3 70 ¢ 84 ATELIED. Sror'e7s g
aRs SN DE- - nPROGEAM T
NOTING EACH MUY c«v/mum::xﬁqx i
bl /| ~{wuT€ DEAL oY 5
‘f‘.‘;"'"t Exrancr- } ~ALET NEDouv N -
2 Locx K
5 " FiGure 64 - DETECTS ExTRACTIW T
O s S aun . - Sewos SATYS Mess-
% ! AsE ™ Cocepyr =
Roeek WEKNT S BAAME 3
2
5 ' -Scousmces o B
{ NEXT I ET &
1 - Loows NTIL SPR I ED
PoR[onN OF LOA P -4
| | 5 A Fat 8
: | I - DETECT ¢ REART g
i \ = CARSO DoOR STATUS
274 ‘ ‘ "‘_‘Lg 790, ow MPD®3 prer i
- { : Area. 5
CAtgo Do CLosth- X E ok f | i | ap‘m'”:m’”a.
O Fot A e kaTon [~ % | o l i reo P
|FievrE TBD diad i Door 1t
* RETRACT S FLAPS ‘ , == B e e
«KoLes /nTO RI6HT [ |1 i i |
VRN Te OEPAAT ol i T TR R G BEEE ’ f
Uee NHEAONE | I Brhind A Ll | | | |
it EiR L L
eLeeAre 7O filid L
ENVIRONMENTAL CONTER
ST KEne || Pievrg  TED | System
» RE-PRESSURIZE | - - o ENABLE AeEsS e -
4 | | ANon Commawo
t Ligom ITma o cow-
| ’ Fuem SySTEM
cuore B8 | SPAng
+ LowLs UP PosT et i ' L cCALL NP posT
DRop CHECK UST. -5 l i DROP Coemiusy
MoviTORS | ExECVTE RE~
RESULTS OF O:M‘Dm
| CHeckLIST wasw | € DISPLAY
fxecorions, : “ o= Bywwast | guccomons on
« BAckwAsH RADAR. MPD ,
PROV 1065 UPDATS
O Fronra THeyr| .' « eHawnEe SEueT
+ Reanow/cenmey
H




Frovng 97 IDAMST OPERATIONAL SEQUENCE DIAGRAM
DIAGRAM N0, D OF 16
TITLE SaconD DAy Tt Miss 100:SEGMENT - SCHONNEEN (D) To Keore g (DiA)
PiLOT COPILOT  [COMPUTER| COMM. NAV. [FLT.CONTR]SENSORS | OTHER  |EXTERNAL
SIS SIS
S S
operaToR Notes: /SVS/S) TS SOFTWARE NOTLS:

2570 5:28 e E b KLY ] LA

- DEPARTS DkOP. - - - +

ON PRS PLANNED ‘ 1 I T { ‘

Covase | UNF | | L B4ug

1 I s L : = I

«BLUE 9 REPORTS R T R ;

DROP COMPLETE : . CANES SECECT

aR0EES pLL A/C To e ,‘5[ | ! et

CHINGE SKE Jiod

{'Swor o5 Ao Wt i :

INE T BRIEFED M “‘E | |

INSTRUCTIONS 1SURE T4 {

> . « ENABLE Suc
* RESTATUS Sk& | R I T 5 § ]T ! D'Q} i ErarYys cHAnG &

;“" Lenser g [ ]| e { i . I | AccoRosne To
VLo eR No xx. | ) ! ] ! IMK INSTRACTION S.

«REPoRT DROP | £ y 3 { - FREQUENC:

CompieTE To | Flecag 6= ERE s
Ace ! ! ; |

* Loweks SPEED 1

::":m - FoRMA T DiSPLAY

g TERRAIN/TRAEET
FEATURES ©ry
DEsI1eNs TED X3
~TNRUT NEW WAY « STORE Nav”
NS FPR FLsH| WAYPO NTS

70 kioTlE

« TUNE RALAR * AecerT § xemT
For mawimum LADARCONTROL
Glouwn REsoLUTaN| INSTRUCTIONS

FRom TMK,

» CHECK QUT 6PWS + CORRELATE RAMK
FOR FUNCTIONAL ALT, sARO ALT ¢
OPERAT 100K jN | T4 RADAR: AND
ALe modes PROV I P8 AurAC

3 VISUAL ALERTS
T FLISHT DECK
WHEN A LT MiNmwm
CRITERIA ARE
VioeaTeDd

+ CALL P { EuseuTE “DISPLAY C /L I TEMS

CARED Com PALTMENT 7o /M f pPD%3, f

20mw C/e RECORD RESNTS

«*goch comoere
s RosER " (

+ DEPRESSUR I1LE
Al

%mmd'

+ “/OMINUTE CHECK
LIST CompeeTE”

2 ASSISTS BpLOT W
JURN/NG POINT INTY
™we Da
“MONITOR FLISH T
DinECTON 1nPUTS
ro WD

ml"nm?u
" makc.  maext

cBACCUTE TURN
ro 382°r

Hse) |
! BERERR |
l t e |
| | Fievre T8O e
i DT ‘ il
| EOaeoT -
Tcs el &
I
I
i Fisvre 7o Srome H
Y s
'Lﬁwne T80

|

190

RS L/M ExeLuTES
c/e

« RECEIVE, ExtcwTE
{ Drsmay Resuers
0F i DEPRESS -
\Uor2 4 rr0m Commanp

AR s s

14

Segment - Schoningen (DI) to Klotze (DIA)

Second Day's Missfion:

FIGURE 97:




oy

FreuRe 98

SeconD Days

/i

IDAMST OPERATIONAL SEQUENCE DIAGRAM

1on: SBEMENT - D/ To DiA

[ ereor T coptror [cowputer] comw. | mav. JFurcontr]sensors [ otwer  Texremwat]
A
&
OPERATOR NOTES: 8T SOFTWARE NOTES:
A€
« DETECTS SMALL
arms FirE
* REFORTS
OF THREAT 24
~EVAIIVE ACTION I I
FloymE 70 < ROMAT { DisPAY
« Mow i TOR PPT - TRRRA W [TARSE T
ACQUISITION OF NA ReArudes
CHECK POUINT INS
« CHBCKE POINT RCO- « ACCEPT INPUT™ OF
“UreD § USED AS RADAR Joy%1 AS
UPPATE /NPT TO BAS/S OF INS PRO -
INS. } ' cessNE

3. 4¢
-OBSCRVES éMINn
ALeRT
“RED LusnT 0k
‘Rosen”

«CALS UPE MON -
1T0Rs Exeewnon
OF CocnPir émiv
/e

cim Cas VP
§ 6x&cures canio
ComPT mn c/b

- Gmw c /e CamPiire”!
. Rosse*
~MON ITORS RAPAR

SR TURN CHEkPOINT
fcorreinres wirn
WOViINE MAP

’ T ACQ -
Uvup,l INITATE
TURN Jo 321°T"

* TURNS 70 322°T f
RETARDS THROTTLES

Zcy | !

g K‘lai.«z (64
i 1 1 ]
T
p

|
J—‘/wcz T80
25 N B

G
2ER2

. SySrEm SENSES
THAT A 15 6miN
ouUr FROM DESIEN -
ATED De AvohuTy-
AUTHACLY FOOVIPES
RAElr ™ crew
\EXEC/TES eMiN

(3

~PRESSAMIL ; OFF

~ALTMERAL ; SET

- SkeE Secomnorly
ConiRuc PANL.SET

+ DisARAYS N
C/e f Récoes
INTERACT IVE INUTS
Flom cim

I
«Desriny reeenn/

| ™asaTDATA ON
DESKNATED MPD

1 CORRELATE Movnne

Map sPLay 1O

NAv DATA

|
3
“TEwAPS, SO | i
\
- DePLoYs FLaPs ?-O'Ob j
Sreco Banees” | ‘; : [ : '
R !
+ DEPLOYS SAEED BenreS S ’L
eAcrvarts Doons et - Dermse Sysrean de-
| “16uRES TS > 4 87 |+ LAsS 17165 THEM AS OF
SAme AR TVPE
W ae semc Ao ' pucear meeriicrm
BY SAm/Am RAOAR ] criren
W Fite bonirbel. Moo | < ALBRTS FULSHTORS
i |+ AITOARA T Y
‘ 4 LANCHES
§- 2 o e o el
SEuT
Fon Dros § Securs
'gz% Prenriwe” s jo3
< Rosen*
ns
e e ) A s L

FIGURE 98: Second Day's Mission: Segment - DI to DIA




FI6URE 99 IDAMST OPERATIONAL SEQUENCE DIAGRAM

OIAGRAM NO, L/ OE 16
TITLE SECOND DAY'’S MISS10A/: SEEMENT = D/ To D /A

[Pt

[ copiror Jcomputer] comw. | W

JFLT.CONTR] SENSORS |

OTHER

[externaL |

LS

«OPENS PARA
DooRs

< CONFIRMS PARA -
TRO0P DOORS LrEN
LORRELATES AN
§ MOVING MAP IN AN
ArTEMr T0 Acguies

P
55

TP acpueen” |[A)

“MON 1 TORS RADAR
§ WAV DATA TO
PosirienN A/c

D

- 7.
« Mo ron s AUTO
Sscc ALERT

<GIvES OROER. ROR
TROOPS To Exir

o~ C&vve
Py e
352
Trmears cea. §
Dookes Sewe
ceosed”
‘Rosce’
<O For A

W -

<

Xcs FlauRE 64

| | ; lsuté‘ Tao
oL

"Eeaps vP*
“RRISES Fiars

. INCREASES PoweR
For ACELERATION

«ATTEMPT T ACGUIRE
BR10SE IN RPOAR FOR
IMS UPPATE
+ BRIDBE RCPURED
' INS (PPATED
~HOLPS 322°F OUT-
BouwD FROM DROP

xuarc%u

" DROP CPMPLE TES

Recovery in A6 -
£Bss - REGUSS T
ConTINUED ECM
Suporr.”

LFI16uRE -rq; 2 |

5
Ex/T

“FLIGHT SAERTY
Svt TEM DETECTS
PARA TROO P DoORS
HAVE BEEN OPENED
¥ XMrs ALERT To
mPD*s
“FORMAT { DISPLAY

| correrre movinc
MAP Wrr NAVDITA
|FOR OUTPUT To MPD

'-umm‘

| way fALSnT Bnn

Dara, SySrEmsSEmses

| I Mun To DO’ 200
PROVIDES MLERT

! Te CREW.

+ SySTEM SENSES
558 To DRo”

f AERTS CREW

+ Sysrem SENSES
DROPCONDITION

l CATISFIED § fvasics
GRETN LIS Hr T
CAaeo (o mPETMEV]
ANO CacnpiT

« SYSTEM SENSES
PRRATROOP DéORR
CLosuae ¥ xmi T3
AceRr s mPp¥s

. ENABLE REPRESS -

wer2arion OF
-,

!ﬁ Dishuay

« RRMT § Disany
4 FORrs

« ComRE LA TE
prodmceto oy s
+ ACCEPT RADAR F1 %
A5 8asis FOR INs

T
unEey [

Hee 9

FiaoReE T80

PonTE

SELECT UNF
SECcLURE voicB

A :Mll:‘ SVSrem
TECrs CLASSIF 168
€ DiSPiAys THREN
Oara As Bepes,
Sysrem IW'

16

- 77

| o Tty

Segment - DI to DIA

FIGURE 99: Second Day's Mission:

Mv - TRV = "




FI6uRE 100
DIAGRAM N0, 22 OF /6

[DAMST OPERATIONAL SEQUENCE DIAGRAM

B s

TITLE _SEconD D»ys MISSION:SEGMENT - KiLoT2 & (DiA) To BREMErHAVE (EDES)

PILOT coPILOT [compuTeR| comM. | NAv. [FLT.CONTR]SENSORS | OTHER  [ExTeRNAL
&8/ /545 / /
S S £ 4 / /
_orerator wores: VS STSA AL A A LA f & /sormuase woes:
Fleoee 7o { RORMAT § DISPAY
« MONITOR RADAR,) = Ak
TERRAN [TARCET
e L WE [ REATURE S
v | | | + CORRELNTE MOVING
ise 11 { | MAP ORIENTAT 10M/
< ‘PassING Yeizon" | ! ; | cg:u::u Woern
! i NAv DATA,

;j:ant cwms ¢ J fedons 180 ! |
:l ‘ [5 _+ b ‘WHF |

«BRBQUENCY SeLétT |

e e ‘ — e - RepUENCY,SEBCT
CUARNAKE btaymed’ i . —Q@Tc; T
168 - [ l | | ||

< "Busay Passme Oui | o
OF BACKWASH CoveR~ | : o
Ase. conmer Dy, i f 8
s o ‘ | | lcrmmee seLscr <

. ‘koser * ‘ % ! §

£

m:o.suurww | DurcHMit 5

CONTACT DUTCH | RM:‘“ R | wman FREQUENCY &
MiL, PROVIOE TFF | i {4 ENTRY s

ResConsE, ¢ | FleURE TS8O & e T f-mri xpr 3

i 2 L || |ZFF mesponse 0 T

- ‘ - | | IwregRGGATION

-':anr s58 el e S L S5 | ftiolLl e
! T | \ 4 | ﬂummw‘ x

| | '

- ConrACTS Rnen | | - L - - 4 ' l-rnamx y samr
AN € inraims EEREE ! |

ovcan rons rwar (AN + ’ M g &

meor /s commere | || | Ex

—:%' v EloukE 65 | k3
+SeLser - : | Apeo | cmwweeSemer 4

=

SEv i TING TIMEEAT I & | L "
ARE Y-Tvan s fae i | H
£ SUrPORT | RIEN MA A

g msted Dadery | | ' 3
..wmy «“ Posg re. ‘§
oo e’ T 4_14 T | £

R g

«SECT Flsquasy | i movre es onew Mm. | |- FeEaveneySeur s

., osent” ] ! fob 4 Py 2 It kel m, =

B | i f ! i

mAN. Sewer | & | RNENMAN | | Recepr man
S58 FREQ. 7SO ‘ s WU T OF 338

< R/M 5L LrceeTS e i . A AeEQ 6750
- Seadert fot FRIC)

#16 AT AT SVISN,

.m. soum
M Irea Sxykmd"
mﬁ&lu‘ el

(g | «Aeccerrs 372.9
~re ~MH wTe PREMOS-
SELECTION st sond’ P2 AAmaep Spuscr.

A TS Op ST

< EwTERS V15 M| « ACCEPTS LAT iem
10'e ﬁlﬁ’tr‘-’m d"J ,'“:;:”(
PONT FoR pA CAeve £
Exec v rdnN DG,

MON irORt NAY d" muwc: reso
DerA /v AREPAL- pﬂ Dara roR WO
Arew For cow- o)

TAcTng ATC For £ MOD Dispuiry
EvROUTS CLane- J Woarwe
A .

m




FI/6URE

_OPERATOR NOTES:

-

DIAGRAM N0, /3 ©F /&
TITLE SECOND DAY'S M3 10N S&bMenT - DIA To EDEC

IDAMST OPERATIONAL SEQUENCE DIAGRAM

[ eror

] correor Jcowputer] comw. | Nav. JFLT.CONTR]SENsORs | oOTHER

[exTerNaL ]

SOFTWARE NOTES:

* SELECT VHF
mREGEN Y
cCONTACT #TT RKA
JOKET RLT. ENROW)
Rions DesrenA e
Feiémnr /Mre,
CLENRANCE
ELANTED .
«Yyon TO 333°r
ANO /N iTi18 TR Gl

™ 1OKFT,
- S8 FREQ SELbCT
« INFORM BREASER -
HAVEN A LCE OF
Fuenwr Pean

WQ: Ficanon

™

G,

I
|

i
|
|
|

e DECLanEs,

BRASS MONKEY -
AL Alc BErween
8-r2xFT”

«xmiT ID

«ENASE Trr
RESPINSG

» CHECKS CURRENT
Alc weaone §
Posiridn

11
|
|
\

Fl1ewRE

«IN1 rih 1B CoUBE
CuANEE To 240°T
o MowniroRks
SNAY DATA Forr
POS TN DRFEL -
ATI0N, CONCLU
BLUE & NOT 1~
BUFFER 20NE,

YWeRe cLeAr oF (A
FER ZONE "
: RS A/

70 PREVIOUS [
PLIoHT PATH : i
« DUTCH M1t [N FoN ]
BWE § THAT rvey |
MAVE R PLO; v ‘
ON DOWNED F-1& =
(wonpo 4) |
« RCRNOW LCOME S
MESSNGE ANO RE*
GKsrS Censm |
LATLong CONZ ;A‘I'T

AT?ON,

« INOGMED TumT
CoPTERS JoLLy 03
§ 07 ENROVTE Fter |
HAMBU LG . Faa o

- TURN ON ELE SpurP
AND Mow 708 PrsnlS

P ||

PN ITOR RAPAR

el ']
FreureE Teo

iLﬂ/DF

ot ] L

i Fravee

S WAV /Mo & MAP
W PRCP. FOR RROM

PIATE OF INS

« ENABLE PESAN-
ATED VHF FREC .

ENNBLE S58
FREQ Sgrecrion

FORMAT § XAair
DESINATED ITFE
ReEsPonsE

TNV DS \AY
DPara oVrrvor

« FORMATY DispAY
TELRAIN/TARGE T
FEATURES
* CONT NS OVE A

DArm oUTPUT

Cnanvnrise SELECT

' PREQ SEL@CT

. AccEPr IMK
Command § mirmre
ELF -ADE RN rrows
~FORMAT &' Crinbcs
Dnmavs

- FoRMA Ty DisPeay
TRRRA . N/TARGE T
FEATUAES
WCONTINUOUS NV
Dara.

‘ACCEP T RAOAR
Fix s 8488

Ing UPPATE

JER/ 6/

776

Second Day's Mission: Segment - DIA to EDEO

FIGURE 101:




ORI IDAYST CPERATIONAL SEQUENCE DIAGRA

DIAGRAM NO, 1Y 0% /&

QPERATOR NOTES:

TITLE S&cond DAy'S psSIOn : SEemenT - DIA o EDEO
COMPUTER| COMM.

PILOT

. Sky KING ABCP
REQUESTS ETA AT
Pomsv ALpwA | wWAT
Suviva, P, 15
Ava. 0 BuwiE 9
+ RESPonsSE
27
- Wore £LF/DF
ALERT § CorRELATE
BEARINGS WiTH
RPPROMIMATE L
CRASH LecATION

Loows Lixe we've
ACQUeED HOuDO 45 |
CcPL Semac

< REVIEWS DATA v

f Aezces

< INFORM RBCP TiuT,
WeE HAVE THE SIGNAL
* SELLC IS LHAMIVEL

WFOEMS RECP OF *
awmerd 1sToud>
THAr PHEY TOO AR
Mow1TOR MG IT. |
- ALTERS RJ< Raw
Payw o CoiNCI1DE
Wirw BEAR wé Jo
cPr SourcE
«Serec r unr(s)
JATTEMP TO BASE
Homdo 4. RErPLy
s REcEIveD, HWA
&4 PreT REARTS
HiE COnDrION
*Mow reR ELF/DFE

i
|
|

\

COPILOT

NAV.

LT.CONTR. SENSORS

OTHER EXTERNAL

SOFTWARE NOTES:

Suy r

«CnAvnEL SceEeT

i «DETECT ShMAL
ELF | | v FRREQ RECIME

OF inreacs T, RO -
VIDE QAL ALeR T
EDIspay BEARve
o SQURCE on MPD-
( PPL

|

o5 }

Sky KING |.CHamm cL SEET
|

e

{? |

S6recr unr(s)

2
f

|
i i
i

)

TURN ON RAOAR ::c.zv; io:.auﬂ
ALr{seceer ENARCE RRPAR A
£00" wioRw N U4 N riaTe
AURAL ALARAI
cMopirot RRMIL
ALrir/oe
o WITIA 15 fCowrms g
DESCENT INBawd | ; '
To LPI s16MA L | {
Scow's Ajc To /5O | |
#s THE m:’ . . [
e n omnrnn ¥ En a0t S
« TuRws B Lo e 73 (AOwve. “”ﬂr
Lidrs
«NOTE S THAT /7
BeARME PINTER
INDICAIES STATION y : | |
o | ] LSS | || . RECAWES TMK
« MARKS Mlﬂm' ! ) e t 1 \ { | “ INPUT OF VISuAL FIX
. N L 1 | : ‘ ' LBt ] A5 Darum IN WS
FLaee Ar S Otce I ‘ | = Frouns &4 d. !
[ 1 | A= [ ; [
JRosER" ol — f | bl !
] i UNEe ™Y e
. Cewse FCunmer. 1 —-—-QOU G d & L S
! " "
*Cowracr ABEP | ’ 3 t T
COOROWATE PRITS &
wxaron % ] i j il §

n

JEA/ 6 -18-7¢

FIGURE 102: Second Day's Mission: Seqment - DIA to EDEQ




Frevee 103 LAY TPHIATLONAL CEQUENCE. DIAGRAY

) /5 OF |6

Mok

« DESENATE

L .§¢co~o DAY'S MiSSion:SEEMENT -DiA To :oso

« VisuRLLy Acqueees |
RESCUE WELI0OPTERS
« POINTS QUT COPTEAS|
™ Preor |

r

SOFTWARE NOTES:

+ SELECT ChaNNEL n
- COORPINATE gvm

|
l Fi

WiTK ABCP, St vk
RELEASES BvE ¢ T
RETURN 1O BRCME- |
HAVE~,

» IMITIATES L Biwi @b

J =

TUEN 34K TD APPRIX
INBOUNO HEAO A6 TS
BREmMER yrBnS

BREMER LIAVEN AS
NEAT Waypo.nT

433
CORRELT FLIGNT ATw|

T2 LoRNESPONO {
Wern UPPATED INS |
TPvr
- TURN OF £ Ex TERNAL
LINTIm E SYSrE&am

s SELEETS CHnmweL |

«CONTAC TS HANKVER
RADAR FOR INEIMD
CLEARACE TP Bliemed -
HAVE N~

g.3¢

"Exacure pescnt
CHECK LisT”

LA UP pyTO-
MATCo DEscewT |
CHECK LISTE MON -
HOARS FOR SYSTUM|
ExceP rions

\?

I

|

|
i‘%
IS

. EXTERWNAL LIGNTW &

| Sysrem | !
{
|

o |
|
|

HANOVE
RADAR

-

S -

LCONTICT ATC For |
CLeARmrice TI pod’
FOIR TACTIEAL MLS

(PRALLATE MOTw MAP

PATA WiTn RASAR
T, £,
ROsre I

AL APPROACH | .

Arc

| S

P -, nmg'
DM(?M% Fis

-mmc n u/u

ExT d
’&...,5'2'

ﬁwr L RS S S

JCHANNEL SELECT

~ACCEPT NEXT
wAyPo~T FOR
INS REFEmENKE,
DisPLAy HEAOWG,
AND Time€ /DISTANE
To 6O

o CHANNEL SEECT

. RECENVETMK
CoOMmAND FOIZ
RScenT CcHpE <
LIST, ExEcare c/i,
AnD DisPeAy
DiscrEPANC €S

«rowanay 1 Dispay

e

. comaecnrs Tws/
MOV N
wTPVTS

« RECE VE BAOAL Fiv
As BAS s Fek Tns

SRNTF {4 Deny
DATA Fon TRANS
IT 16 s Fregsn TWF

rc Gnﬁw r
‘PBM
nov\.

‘ﬁo /74

Segment - DIA to EDEC

Second Day's Mission:

FIGURE 103:




I e e e
; .

FIGURE /04 IDAMST OPERATIONAL SEQUENCE DIAGRAM
DIAGRAM NO, — 16 0F 16

TITLE _SECONMD PAY S M/SS 1001: SEEAENT - DIA 7O EDEC
[ prior T copicor [computer] coms, [nnv_.‘ LT.CONTR SENSORS | OTHER | EXTERNAL

/ SOFTWARE NOTES:

OPERATOR NOTES:
gL

" RON 86F0#6
LANDING Cfe "

-laus vP ¥ RECE wE TPAK
monsjees cfec Commano 8 Exe
Excevrion s

LL"ArOmG /¢
(Amomsc L 6HTs Swriener 0w
‘m Seovench)
- Mon 1103 RADAR i “RORMAT € DLy
TER Ry [TARSET
APy FENTUR &S

TARS,
EATERNAL ViSwat (LS
VFORMS PrioT oF
Stbuvigicans” Ra A Dytal
MonITIRS GeI1DE

FORMAT € DisTA y

$eorefioen ER OLIDE SUPLflaca sz
< MONITOR NA VS | o™ o Hup
S | Al
ReviEw S1AR/ | SEouncry O Prspins
D{:?}-mft I STAL PATA Mr:‘,
CALrsn FUEH T ! AlPROACH PLAILS
Rary To MLS
REOGMTS

ACQUIRES RuNwA~
ViSvAc Y.

AT have Te Run-
way Visumy.” |

< ACQUIRES Rumwmay
VisuA Ceny /

-'RoseR* ,

- Mowi1 1085 RN ' ! l - !
B0 afe Fiouc  TEP
LANvOn. £ 2,

f Lt || [~ SYSTEm SENSCS
: ) § ! H | Twar LANPING ConD -
.1 — | | 1Tows 11 AVE BEE
i ‘ MET, § DNITIALZES

FIGURE 104: Second Day's Mission: Segment - DIA to EDED

CommAnD Foid BxE-
CUTION OF ENéINE

SHUTOOW N CMECKE -
LIST, EvECLTE WS

Funey wns | REMRY
RESULrs . o

I TER ACT 'K
“atdnl‘m o
L DispPLAY CUES
Ao recaveE ¥
Pecrorm OPeraToR
INPVIS

[ | mPD ¥
Mt onc 4."l¢‘ P
s $A dSnn| | | |
e Te e £l |
£2 o0 Fiévne Teo :
e !
G e e ' { { . RECEIVE TMx

&/ Incvorve
ACTUAL BNEINE
SHYTdow N

A e fEnteore |
|

{ | | i |
£ Lol iiad
SECOND DAyS MI3SION COMPLET !
IR T N ‘

|
|
|

% -20-7%

121




SECTION VI
LEVEL 2 FUNCTIONAL SEQUENCE DIAGRAMS {

The time line analyses 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 applicable to any start procedure.

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

Figure No.
Startup and Departure (Formation) 105 to 117
Aerial Refueling (Formation) 118 to 121
High Altitude H.E. Airdrop (Formation) 122 to 126
STOL & Combat Offload 127 to 129
STOL Departure Engine Failure 130 to 131
Single 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 exhibited than in the SSDs.
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SECTION VII
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 |
(0SD's) developed for the C-14 IDAMST program. These 0SD's have identified 4
categories of software subroutines which are required to interface AMST 1
avionic hardware systems with crew functions in operational environments. j
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 0SD 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 universal acceptance on the
part of the Air Force and Contractor technical personnel currently planning
advanced tactical air delivery systems. A number of contradictory factors
confound their approaches to a rational solution. These factors are summarized

in the following outline:

It is universally recognized that a modern replacement is needed for
the C-130 in the early 1980's.

Ideally that replacement should have high performance STOL capabil-
ities, but be relatively Tow 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 with 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 systems
operated by larger crew complements.




Personnel conducting the IDAMST mission analysis have been mindful of these
factors as they performed work elements during the study. Wherever 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 with them unacceptable costs.

The following paragraphs summarize 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.

7.2.1 Initial IDAMST System
To facilitate two-man flight crew control of the AMST, it is cbvious that all
navigation functions need to be automated so that they require a minimum of
operator interaction. Coincident with 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

integrate 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 communications tasks will make flight
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 accounting in check list execution.

Manual check lists demand an inordinate amount of crew time and attention in
the current system. Many of those check 1lists can be automated to the extent
that they perform, as well as display, the sequencial items. Where input data
is required, the check 1ist 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
Terminal 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
communications 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/
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 (M/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 system. 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
continual 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
time 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 with that data, the system also provides the receiving
aircraft with the means of determining its relative position along with the
positions of other units in the tactical area. Regional information on weather
and the status of facilities at recovery bases is included. Because of JTIDS
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
The IDAMST concept provides an excellent means of improving the
present cumbersome (and too often inaccurate) "See and Feel" circuit
breaker status system. An MPD display of circuit breaker status
based on reliable CB sensors is an excellent candidate for workload
reduction and flight safety improvement.

A time-indexed voice recorder with in-flight playback capability
appears to be a useful aid in 2-man flight deck operations.

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

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.

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.

During the analysis it was noted that under some circumstances reliance
on the HUD 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 pilots must transfer their attention from

HUD'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 HUD.
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7.2.4 IDAMST Benefits to C-14

The exercise of the IDAMST mission 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
AMST missions, and flight safety.

Second - The character of the IDAMST 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
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