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SECTION 1

INTRODUCTION
1.1 THEORY

This paper discusses our activity in Multi-Modal Trans-
portation System Simulation which is being carried out at the
DOT/Transportation Systems Center. a Multi-Modal Automation

automated techniques in these systems. The objective is to
provide and exercise a system of interactive experiments to
verify experimentally critical concepts of advanced ATC sys-
tems using fast-time ang real-time computer simulations.

Committee (ATcac)! for the traffic of the 1980-1990's, and
beyond, Suggest a change in the basic method of control in
order to reduce the control workload per aircraft. This change
can be achieved by utilizing a strategic cgntrol concept where
aircraft are assigned route time profiles, Strategic control
is referred to in the literature® as "a futuristic system in
which aircraft follow route time profiles developed on the
-ground prior to the initiation of flight".

Several alternatives must exist for obtaining the ‘benefits
available from use of strategic control methods, since the
System must accommodate a Spectrum of airborne capabilities.
Various alternative concepts, e.q., strategic, hybrid, or
cooperative systems should be addressed and evaluated by means
of computer simulation,

The present status of this laboratory and the particular
computer simulation and programming techniques that are being
used are discussed in thig paper. Two different and unique
approaches to the simulation have been developed and are ]
described. Also, the role of analysis in computer simulation
is identified.

This ATC oriented program is planned to extend over a
period of several Years. Since continuing investigations are
expected to provide new ATC knowledge, the programs created
for the simulation are being made extremely flexible and easy
to expand and change. 1In addition, other transportation sys-
tem problems will require real-and fast-time computer simu-
lations. It is planned to use the same facility and many of
the same computer programs to solve system problems for sur-
face transportation Systems, as well as for air transportation
systems,
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1.2 EXPERIMENTAL LABORATORY

The laboratory (Figure 1) consists of a major computa-
tion facility (a PDP-10 digital computer with 64K of 36-bit
words and six million words of mass storage) and a display
system. The PDP-10 system includes two magnetic tape units,
eight DECTAPE units, a high-speed paper tape reader and punch,
Calcomp plotter, ARDS display, line printer, high-speed INK-
TRONIK printer with an ASR33 keyboard, and an ASR35 console
teletype. Five directly connected ASR33 teletypes and nine
data-phone lines (110 baud) provide the interactive medium.
The monitor we are currently using is a 10/50 multi-programming
swapping system (DEC designation 5502) with real-time user
capability and core-locking features. DEC's 5S03 monitor with
real-time queuing capability will be used when available.

The display system is a Honeywell DDP-516 computer with
32K of 16-bit words and an eight-million byte mass storage
disk unit coupled to a Saunders Associates ADDS/900 display
unit. The ADDS/900 display unit contains a display generator

DOP 516 POP 10
CPU/MEMORY CPU/MEMORY
DISK (1) FILE s;‘c?:fse PECIIERENS)
STORAGE REAL TIME SYSTEM ’D‘,‘;i;‘gfs i
DATA
= INTERFACE
A ARDS DISPLA
PTP PERIPHERAL PERIPHERAL TTY (s)s Y
iur:{cnou KEYS (80) SYSTEM SYSTEM TELEPHONE LINES (9)
T LINE PRINTER
ADDS/900 DISPLAY RECTTER
UNIT DISPLAY EIR
960 INDICATOR SYSTEM |[— FIR
COLOR CRT

ATC CONSOLE

LIGHT PEN
FUNCTION KEYS (48)
TRACKBALL

TOUCH TABLET
SPARK PEN

A/N KEYBOARD (2)

Figure 1. - ATC Laboratory

with hardware vector and character capability, light pen,
functional keyboards, trackball, and data tablet. The DCP-516
includes a high-speed paper tape reader and punch and an ASR35
console teletype. To tie these two computers together, a







16-bit duplex data transfer interface designated .RNS-10 was de-
signed and built. The RNS-10 is connected to the I/0 bus of
the PDP-10 and the DDP-516 with priority interrupts to both
computers. All software linkages to the RNS-;0 can operate
either under program or interrupt control.

One powerful mode of operation uses the PDP-10 as the
-ground-based date acquisition and command and control system
with the DDp-516 computer as the display processor. Basically
the functions that are performed by the PDP-10 computer are:
(1) simulation of aircraft traffic including models for the
pilot, aircraft, terminal area, and environment, (2) control
of traffic with modular automation and decision making algo-
rithms, (3) manipulation of data files and control to update
the display list, (4) scenario generation for each simulation,
(5) data recording and reduction, (6) controller/pilot aircraft
command processing, and (7) flight strip printing. The func-
tions performed by the display processor are: (1) genera-
tion of synthetic background video maps, (2) display file
maintenance, (3) display refreshing, (4) I/0 handling for data
entry devices, and (5) controller command execution,

In support of the above operation and between real-time
runs the PDP-10 operates as a time-shared computer performing
the following functions: (1) generation and debugging of all
PDP-10 user programs for experiments, (2) post-run analysis
of data generated by simulation runs, and (3) improvement
of system software. The functions performed by the display
system either with the PDP-10 or separately are: (1) genera-
tion, and (3) improvement of system software.







SECTION 2
SIMULATION

2.1 INTRODUCTION

The simulation model (Figure 2) has four basic areas:
traffic generation, sky and terminal environment, pilot module,
and control module. The traffic generator module contains the
driving mechanism of the model and introduces flight characteris-
tics limits, control response delays, and errors corresponding to -
the type of aircraft being simulated. It also introduces the
update timing and sequencing characteristics of the data acquisi-
tion system and the data acquisition system errors. The present
simulation contains data acquisition parameters which simulate
the ASR terminal area radar system (primary and secondary radar).

5 PDP-10 COMPUTER j r DISPLAY SYSTEM

SCENARIO

DATA
AIR TRAFFIC
GENERATOR FORMAT AND

|
I
|
! AND CONTROL
I
|
I

AUTOMATION PROCESSOR

ENVIRONMENT PROGRAMS

DATA
LINK

PILOT
SIMULATOR

|
! DISPLAY
]
1

AUDIO
LINK

PILOT CONTROLLER

Figure 2.- ATC Simulation







A scenario 'generates aircraft arrivals and departures
according to representative random schedules or actual traffic
obtained from a terminal. The scenario provides a repeatable
mechanism for comparative runs. It also initiates the simu-
lation run and introduces all of the circumstances required to
simulate special events such as airborne equipment failures,
runway closures, and reversals, and missed approaches. A
separate program provides for the semi-automatic generation
of this scenario file in accordance with input data and
statistical conditions related to the air traffic parameters.

The environment module includes flight characteristic
limits, control response delays, aircraft errors, and a geo-
graphical section that contains position and route definitions.
The pilot module accepts pilot commands for heading, speed,
and altitude and then implements these commands to the air-
craft (a/c). The controller is pravided with a realistic
display of traffic and can command a pilot through an audio
link or a simulated data link. The input/output for the pilot
operator is through an ASR33 teletype or an ARDS storage-tube
display console directly to the PDP-10 computer. . The con-
troller may control display formats and presentation through
various I/0 devices to the DDP-516 display processor and/or
the ADDS/900 display generator. A data link from the con-
troller ' to the a/c is accomplished from the dispiay processor
to the PDP-10 via the RNS-10 link. This particular assignment
of model sections to the two computers is attractive for
two reasons: (1) it represents closely the computing func-
tions in an ATC terminal, and (2) it is a natural breakdown
of work loads on the two computers to match their respective

capabilities.

' One interesting requirement for the Pilot/Controller inter-
face is the use of an ATC language that models the communi-
cation and control language used by real world controllers

and pilots. A complicating factor in the simulation lies in

the interaction between the scenario and the pilot simulator.
The scenario is operating "open loop" and pilot commands must
correctly override scenario inputs for an aircraft. Also,
recovery to scenario control when previous controller commands
are cancelled requires careful implementation.

The intent of the pilot module is not to model a pilot but
to allow one individual to handle multiple aircraft and inter-
face the audio commands of the controller to the digital input
required by the PDP-10 computer.

2.2 PROGRAM EXECUTION AND PROCESSING

The programming languages used are Fortran IV and MACRO-
10 (the PDP-10 assembly language). The program structure is
modular for independent check out and executed in a manner to
permit modules to be added, changed, and removed without dis-
turbing the execution of the unchanged modules. All input
messages are processed independently of the source. The pro-
grams achieve a good balance between modularity and flexibility
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and are, therefore, easy to set up, change, execute, and
evaluate. Maximum use of the PDP-10 software system and its
features was attempted and the MACRO-10 assembler, Fortran IV
compiler, loader, TECO, PEP, DDT, and Fudge programs were
utilized.

The PDP-10 monitor system (10/50-5S02) is utilized to con-
trol and monitor the execution of the simulation program
package. This monitor system includes both single-users-real-
time and multiple-users-time-shared capabilities. It is possible
for both capabilities to be used simultaneously, i.e., for one
part of the program to be operating as a single-users-real-
time program and to have the other parts of the program opera-
ting as multiple users on the time-shared monitor.

It is possible to run the simulation programs faster-than-
real-time. It is recognized that the fast-time operation of
the simulation precludes the interaction of the controllers and
pilot station operators on any meaningful basis. The fast-time
mode is expected to be useful, however, to review simulations
prior to real-time interactive experiments, for completely
automated experiments, and for sensitivity analysis studies.

Wherever feasible, the programs are written to minimize
PDP-10 processing time. Unnecessary arithmetic processing such
as frequent periodic updating of aircraft positions without
regard for the operation of the simulated data acquisition
system is avoided. Only those positions corresponding to simu-
lated tracking program outputs based upon simulated data ac-
quisition system input data are calculated. The complexity of
the simulation programs is minimized and is sufficient to esta-
blish a valid basis for examining the man/machine relationship
between the air traffic controller and the facilities provided
to permit him to execute control over his assigned traffic.
Suitable characteristics of aircraft flight which do not affect
the appearance of the controller's situation display or the
content of other data provided to him are not included within
the simulation processing. Similarly, errors associated with
the aircraft responses to control commands and with the inac-
curacies of the data acquisition and processing system being
simulated, which are too small to be noticeable to the controller,
are not included within the simulation processing.

2.3 PROGRAM IMPLEMENTATION
2.3.1 JIntroduction

Two different and unique approaches to the simulation have
been used ‘resulting in two different simulation packages for the
same problem. This will allow cross-checking of results for
particular cases. Each has its own characteristics; one em-
phasizing real-time operations, and the other faster-than-
real-time operation with automated control of aircraft. A
comparison of the features of each approach to meet the per-
formance requirements for the simulation is shown in Table 1.
These two approaches are described in detail in the following
sections.
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TABLE

- SIMULATIUN FEATURES

FORTRAN AMPROALH

COMMON DATA TABLES

LOADER “SYMBOL TABLE"

MACRO EXPANGIONS

INDIVIDUAL “REL"”
FILES

ABCH TEXT

YES

YES

YES

MACRO APPROACH
MACRO-10 FORTRAN-IV
“MAIN" PROGRAM THAE BHANING

HISEGMENT LOamenn
AREA

DEFINED IN 'PILGY" Usen
J08
FORTRAN DEFINITIONS

SEPARATE UBEN J0B8

ABCH TEXT

YES
YES

YES

FEATURES

MAIN SIMULATION
LANGUAGE

SMULATION CONTROL
AND EXECUTION

MODULE SHARED DATA

PILOT DICTIONARY

PILOT LANGUAGE
DEFINITIONS

MODULARITY

INPUT AND OUTPUT DATA

CONTROLLEAMPILOT
LANGUAGE

DATA TABLES INDEPENDENT
OF MODULES USING DATA

ON-LINE “PILOT” AND/OR
“BCENARIO™ INPUTS

2.3.2 Macro Approach

In this approach4, the air traffic simulation system is
written in MACRO-10 assembly language. One implementation
goal was to make maximum use of existing software capabilities
in order to minimize the amount of implementation effort re-
quired. To this end, the preplanned scenario input files and
data recording output files are formatted as ASCII test.
System inputs and outputs of this kind are, therefore, in a
form readable by both the computer and humans.

Capabilities for defining problem specific data such as
wind conditions, aircraft performance parameters, navigation
fix positions, and aircraft routing and control procedures
are provided through MACRO features of the PDP-10 assembler.
This approach provides a standard series of MACRO definitions
which .implement simple but problem-specific languages for des-
cribing air-traffic-control-related data items. Source text
files containing both MACRO definitions and user defined
specific data are assembled together to make relocatable mo-
dules (REL) for use in the simulator. 1In this fashion, con-
venient language forms are provided to the user for defining
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problem-specific data required for the simulation.

One consequence of this approach is system modularity.
A specific simulation system is created by loading together
a number of (REL) modules, each of which performs a particular
function for the total simulation. Some of these modules are
relatively permanent, while others are intended to be ex-
tremely flexible and variable. Service functions such as
input/output, display generation, and aircraft motion should
be stable. The modules for these functions should change in-
frequently. Other ATC related modules which contain wind
profiles, navigation fix positions, routing procedures, and the
like will change often and will be created specifically for
a new simulation experiment.

The standard PDP-10 loader is utilized to link together
the system modules into an executable simulation program.

The symbol table created by the loader during the loading
process constitutes a valuable resource and is utilized as a
symbolic dictionary by the simulation program at run time.

Another important feature of the air traffic simulator
is that all linkages and data accessing mechanisms operate
strictly on a name basis. Data references to specific compo-
nents of the aircraft data table are by data element names.

The organization and order of data elements within the

aircraft data table is irrelevent to the programs which use

these data. 1In fact, the data table can and has been re-
arranged several times without any changes in the other simu-
lation programs. Accessing functions for obtaining and inserting
data into this table are associated with the table and modularly
separated from other simulation routines. This centralizes

the management of the aircraft table data and permits flexible
and convenient expansion in the future. .

The simulation system is structured as a number of
independent modules which, when loaded together, comprise an
executable simulation system. Many versions of aircraft
parameters, wind, routing, and recording modules are expected
to be created as the relocatable files used as components
are changed. The runnable simulation system created by the
loader can be saved for execution at any later time.

The simulation system, when running, takes its input either
from on-line pilot inputs or from a stored scenario file
located on the disk. This scenario file is in a text format
identical (except for timing indications) with the on-line
input and can be created either by a special scenario generation
program or by use of the PDP-10 text editor, TECO.

The operation of the air traffic simulator shown in Figure
3 can be conveniently broken down into the basic phases.

Phase I involves the input of commands to the system from either
the on-line pilot station or the stored scenario file. The
input processing operations accept the text input data and
convert it to an internal form. This output of the input
Processing is placed on a command stack associated with the
appropriate aircraft in the simulation.
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ON-~LINE

STACK AND FLAGS VALUES
AIRCRAFT DATA TABLE

PILOT STORED PERFORMANCE WIND

INPUT SCENARIO PARAMETER PROFILE
FILE TABLE DATA

ROUTE MOTION

INPUT CONTROL AND DISPLAY
ONE ROW DATA
PER AIRCRAFT RECORDING
MAIN
CONTROL

COMMAND DESIRED VALUES EXACT

Figure 3, - Conceptual Organization
of Simulator

course of action. This course of action is reflected in
particular desired values of altitude, heading, and speed
which are assigned to an aircraft. The operations of the
route control module are terminated with the proper assignment
of desired aircraft values.

The third phase in the simulation involves the determina-
tion of aircraft motion and the appropriate display of the
results. This module actually flies the aircraft in accor-
dance with the appropriate dynamics, and updates its position
and velocity vectors. The motion routines compare the exact
aircraft values and desired values to determine if any changes
in speed, altitude, or heading are required to conform with the
desired performance. If so, the changes are effected before the
aircraft is moved. The display functions use the data generated
as a result of the motion operations and create a visual re-
presentation of the simulation.
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A fourth appended operation of data recording is re-
quired to instrument the simulation and to determine the per-
formance parameters of interest.

The entire simulation operates under the control of the
main control module. This module has responsibility for calling
the phases in the proper order, for determining the timing of
the simulation, and at the start of the run, for the proper
initialization of the system.

The other modules shown in Figure 3 represent data
contained in the stored scenario file, the aircraft perfor-
mance parameter table, the wind data table, and the aircraft
data table. The sections which follow discuss the operation
of the most important modules contained in the simulation.

Aircraft Data Table. - This module contains three elements
associated with aircraft data: (1) the storage space required
for each individual aircraft, (2) the service routines needed
for dynamically allocated memory space when aircraft are created
and for reclaiming that space when aircraft are deleted, and
(3) a set of accessing functions which provide a symbolic means
of assigning and retrieving data values for individual aircraft.
These accessing functions are deliberately located in the air-
craft data table module to isolate them from the other simu-
lation system modules which will reference them symbolically.

A valuable by-product of the accessing scheme is the ability
to incorporate an arbitrary subroutine to calculate some
value not actually stored in the aircraft data table. From
the external simulation system such a calculated value is
indistinguishable from one actually stored.

Aircraft Parameters. - This module contains the definition
of aircraft performance parameters. The implementation philo-
sophy is similar to that of the aircraft data table. The major
differences are that storing into this table is never permitted,
and accessing is based on aircraft type name rather than through
a handle.

The data values obtained by other simulation modules
from this aircraft parameter module are calculated each
time that an access request is made to produce a random
value with the appropriate statistical properties. This
mechanism provides a controlled degree of variability in
the performance of aircraft. Each parameter is chosen
from a set of Gaussian variables with the indicated mean
and standard deviation. This accessing mechanism is more
complicated than the simple table look-up used in the
aircraft data table module, but externally it appears exactly the
same. A default standard aircraft, is provided so that aircraft
inadvertently made without an explicit type, nonetheless, refer
to a set of performance parameters. This is required so that other
simulation modules such as aircraft motion will continue to
operate correctly. Nominal values are used for this default
standard aircraft.
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Motion Update. - The motion update module moves each
active aircraft through the sky and adjusts its motion to conform
with the desired performance values associated with that aircraft.
In the update cycle for each aircraft, the first item performed
is a call upon the wind module to calculate the wind velocities
at the altitude of this aircraft. The next step is the altitude
updating. The rate of climb is obtained from the aircraft data
block, and the exact altitude of the aircraft is cdlculated. If
the altitude change overshoots the desired altitude, the exact
altitude is set equal to the desired altitude. The next portion
of the update routine checks the desired speed and the exact,
speed of the aircraft to see if an acceleration or deceleration
is required. If so, a speed change is calculated and the exact
speed determined. As in raltitude update, the speed change is
checked for an overshoot condition, at which point, the desired
speed and exact speed are set equal.

The next and most complicated section of the update routine
involves correcting the heading of the aircraft. It first tests
to see if the aircraft is navigating in the homing mode. If so,

a ‘eheck is made to see if the aircraft is within approximately
two miles of its homing position goal. If it is, the aircraft is
changed from homing mode to heading mode of navigation. If the
aircraft is far from the homing position, the heading from the
aircraft to that position is computed. To account for the effects
of wind, a calculation of the drift angle which would be achieved
if the aircraft flew on the heading to the homing position is
made. This drift angle is then applied as a correction to
calculate a corrected desired heading to compensate for the wind
effects. .

The exact aircraft heading is then changed according to the
" aircraft rate of turn to achieve the desired heading. The number
of degrees to turn this update cycle is calculated and then the
direction, either best way, left, or right, is determined.

The final portion of the update routine moves the aircraft
along in space. The newly calculated exact heading and speed are
utilized to calculate aireraft X and Y motion components. The
effects of wind are added in, and the actual distances moved in
X and Y are added to the exact aircraft positions. The new positions
are stored back in the aircraft data table.

Routing Definition Module. - This module contains the
definitions of air traffic control routes and navigation fix
positions, as well as program routines and MACRO definitions
required for operation of the route following procedures.

MACRO definitions determine the language forms available
to the simulation system user for aefining positions and aircraft
routing procedures. An important feature of the user languagea
available is the ability to combine several simple aircraft
procedure steps into a more complicated step which can be given
a name and called with parameters. One defines the name for the
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complex Zuicti-.. «nd indicates the parameters which are to be
used for irpuc. Following this initial declaration, a series
of steps comprising the actions of the complex procedure are
set forth. These steps refer to other procedures and will call
them with indicated parameters.

Display Qutput Modules. - Two separate display output '
modules are used. One module transmits display data over the
RNS-10 link to the DDP-516/ADDS-900, while another handles
display output functions on the ARDS display. Separate versions
of the system can be prepared for use with these two displays
or specified at run time.

In the first module, a DDP-516 output is concerned only with
transmitting aircraft update information over the link; display
files containing map data and aircraft entities, together with
update functions, are handled by the Display Software system
and additional code in the 516. Aircraft update information is
transmitted in six-word blocks having the following format:
Aircraft Number, X Position (scope units), Y Position (scope
units), Altitude (100's of feet), Speed (knots), and Flight
Number.

The second module handles display output to the ARDS. It
treats the ARDS as an independent output device, leaving the
controlling teletype free for command input and message output.
It draws the background map lines and labels from tables. The
tables contain pointers to the locations where numerical
coordinates are stored, and in setting up the tables these
locations can be called out by name. This allows reference, by
name, to the geography points defined in the routing module.

The module plots a point on the ARDS for each active
aircraft, once per cycle. First it picks up the X and Y position
from the aircraft data table and does a set point to this
location on the ARDS. It performs coordinate conversion and
draws a unit length short vector to represent the aircraft on
the scope. This display is not intended to replace the DDP-516/
ADDS-900 but only to provide a device to allow the users to
exercise the simulation in the PDP-10 when the DDP-516 is other-
wise occupied.

2.3.3 Fortran Approach

As in the first approach, a modular program structure has
been developed that proviges for flexibility of running experiments
and for future expansion.” Fortran IV is attractive because it
is familiar to most programmers; it produces programs that can
be run on'a large variety of different computers, and it is
structured such that program listings can be readily understood
without a great deal of supplementary documentation.
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|
In any program operating in real-time, provision must be ]
made for some events to occur according to a schedule (e.g., r
when aircraft are introduced into the system, or when an aircraft |
has its position coordinates updated every radar scan). This
implies that all programs processing data connected with some
scheduled event must be run on time. This approach makes use of
the time-sharing monitor to carry out these functions. Its
"scheduler" allocates each user a time slice. At the end of this
time interval, the user's program is swapped out of core, if
required, and a new user is brought in and executed for his time
slice. By breaking the program into logically distinct parts.and
making each part a separate user, the time-sharing monitor can
be used to allocate time and to Seéquence users so all necessary
processing can occur. To be assured that a scheduled function
happens at a time, t, a user need only interrogate the system
clock and perform that event during the first system allocated
time slice during or after time, t.
The real-time computer program is divided into separable,
major simulation functions as shown in Figure 4, scenario input
control, pilot input control,® aircraft data generator, aircraft
reporting and environmental comparator, display data file and
control, and clock control. These functions have been designed
as separate time-sharing "users". Since in the normal time-sharing
mode users are kept separate from each other, it is necessary
to set up a shared data area through which the users can com-
municate. In order to optimize computer usage when the simulation

is run in this manner, each user program is structured as shown
in Figure 5.

SITE FIXPOINTS AND STANDARD ROUTES
SHARED AIRCRAFT PARAMETERS AND STANDARD MANEUVERS
DATA AIRCRAFT DATA

FILES DISPLAY DATA BLOCKS

l : AIRCRAFT DISPLAY

I cLock 5‘:::::“’ ‘":;';‘” REPORTING AND :'N";:: DATA FILE AUTOMATIC DATA
AND ALOGRITHMS !

I CONTROL [ | conTroL | [cenemaror | [ENVIRONMENTAL( | o loon FIECORDING

COMPARATOR CONTROL

{UPDATE)
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Figure 4. - Real-Time Program Structure
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Figure 5.- Structure of Each User
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After initialization, the user program reads the pertinent
data from the shared data area. These data, for example, may be
time or an update or start flag. Based on this information, the
program then decides whether the related function should be run.
If yes, the function is run and the results are stored in the
shared data area. If no, control is passed to the monitor and
the other users are run. After the other users are run, control
is then returned to the first user. To run the simulation all
users must be loaded into the PDP-10 and started, but the order
in which they are loaded and started does not matter. The time-
sharing monitor will continually cycle through the users causing
time and therefore the pertinent data to be updated.

To implement the shared data area, a file is maintained with
all symbols that are of interest to more than one user. This
file is defined by FORTRAN COMMON statements with COMMON
statements being compiled with each user's program. In addition,
they are compiled into a block data program and saved in a file
called COMMON.SHR. As each user begins execution, he links his
program with this COMMON.SHR file. He can then write information
into this file for use by any other user and can search the file
for information left there by any other user. This file resides
in a privileged area called the high segment which is an area in
core that can be shared by many users.

This approach allows almost all of the programs to be
written in FORTRAN. The modularity of this approach allows new
functions to be added or old ones modified without disturbing
working programs so that someone adding new features need only
understand COMMON and his particular task. The simulation system
may be tailored at load time by choosing the proper available
users. The problem of providing and maintaining a master co-

" ordinating program is completely avoided.

The most important modules of the simulation system program
package are: aircraft data generator, scenario input control,
aircraft reporting and environmental comparator, pilot input
control, and display data file and control. Although these
modules are different in details of implementation, they are
similar in function to those discussed in the MACRO approach.

2.3.4 Display Software.

The display parameter tables, data files, and associated
updating programs are generated by a Dynamic Software System
(D1ss)7, a higher order user's language and software system
specifically developed for air/ground avionic display applications.

The features of DISS are: (1) simple command structure
and format, (2) static graphics immediately displayed, (3)
simple FORTRAN-like expressions to link mathematical model outputs
to display parameters, (4) off-line operation to create, edit,
and modify displays, and (5) a run mode in which a real-time
environment is provided with display update and linkage for the
total system.
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With the Dynamic Display Software System, the user can
interactively create the geometric characteristics of his
desired display and specify the dynamic linkages with a program
to simulate the display environment which resides in the DDP-516
or the PDP-10. After the desired set of indicators is specified,
the system serves as a real-time simulator to evaluate the use-
fulness of the displays. When the system runs on-line with the
PDP-10, a more complicated simulation environment is possible
than with the display processor itself. The user has the
capability of making changes to previously created indicators
to provide an evolutionary means of developing environment
indicator systems.

The system is divided into two large functional parts and
one smaller part to allow efficient use of core. These parts
are the create/edit phase, where display lists are created and
matched via dynamic expressions to the outputs of a simulation;
the simulation phase, where display and update of the data
structure and operation of the simulation are under control of
the real time monitor, and the input/output phase, which
supervises transfer of display files between the create/edit and
simulation phases, and changes all user entered specifications
of dynamics into executable object code via a small compiler
subprogram.

The first phase of system operation, the create/edit phase,
is shown functionally in Figure 6. This phase consists of: (a)

a user language, which provides the interface between the user
and the system, and preliminary conversion of alphanumeric input
into display elements, (b) data structuring routines, which
handle storage allocation, creation, and maintenance of the

data structure, and (c) connector programs, which handle overlay
of the other system phases upon user request.

Graphic components specified via the user language are
displayed immediately. Also specified via the user language, are
dynamic expressions that modify the graphic components using the
update program in the simulation phase. The language, however,
does not generate object code for dynamic expressions but stores
the expressions as packed characters for later processing by the
mini-compiler in the input/output phase.

The input/output phase of operation services input and
output of the data structure onto paper tape or disc. Prior to
saving the data structure, a mini-compiler using pointers internal
to the data structure compiles each dynamic expression of
FORTRAN-like source code entered during the immediately proce-
eding create/edit phase. Once saved, the data structure may be
loaded back into create/edit phase for additions or deletions
or into simulation phase.
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The simulation phase (Figure 7) provides an environment
" whereby the displayed data may operate dynamically. Provision
is made, under user option, for input from or output to any
external device. Inputs may be used directly as dynamic
parameters, or they may be used by a model and/or background
program which may alter predefined registers. The update program
uses these data and mini-~compiler code to make changes to the
display list. It is at this point in the display system that
data provided by a simulation in the PDP-10 are used to alter
the display. In the stand-alone mode, the user generates a math
model and a background program to replace in a very simple way
the PDP-10 simulation package. This allows checkout of the
simulation program of the display system.

A real-time monitor supervises the scheduling of the various
routines and allows the user to modify the update cycle time.

The display data format is a hierarchical ring structure
with auxiliary blocks which describe the parameters to be used
for dynamic updating of the data. The highest level in the
hierarchy is the frame ring which is a ring of frame blocks.
Attached to a frame block is an indicator ring and an auxiliary
block for register definition. Each indicator block has an
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entity ring associated with it, with each entity block having

components and conditioning blocks attached.
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DATA STRUCTURE MONLIOR
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Figure 7. - DISS Real-Time Simulation Phase

The following is an example of how DISS generates a
dynamic display from a single user language. The display (Figure
8) is an air-speed indicator and altimeter from a simplistic

aircraft cockpit.

The indicator pointer and altimeter numerics are dynamic
and are moved by a math model program which is not shown. There
is one "frame" composed of two "indicators" with numerous
entities within. The actual program typed in by a user is listed

as follows:
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N\

DYNAMIC

W
ANEEERRRARN

600

v ~DYNAMIC
/

400
Figure 8. - DISss Example
:F 1 [Define Frame 1) -
:DRE R10, 650 [Declare Registers Containing Initial Data]
¢:DRE R1l1l, 25

:Il [Indicator 1:
:El [Entity 1] [Arc, Tick Marks]

:S 0, 250 [Position Point]

tA 200 [Draw Arc]

:TMA 0, 192, 8, 6 [Draw Tick Marks]

:SA 0, 200, o0, 700, 8, 1, 10 [Draw Scale]
:E2 [Pointer to Speed]

:S 0, 250

tR 0, 250, R8* (360/800)

Air Speed Indicator]

El

200

Air Speed, Changed by Model]
:L 0, 180
:L 5,-10
:L-10, ©
:L5, 10
:G R8, R10, 1 [Blink if Air Speed Exceeds 650]
:SK 1
:B
:I 1
sSTI S, 3
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:I 2 {Indicator 2: Altimeter]

E 1 [Altimeter Rectangular Boundary]
:S =75, 150

<L, 150, O

:L 0, 40

:IL, -150, O

:L 0, -40

:E 2 [Altimeter Read-out]

-70, 160

-DR R3, 5, 2 [R3=Distance from Ground Zero]
:STI S

U)l"j

The program is now saved on the disk (by I/0 phase) and
used with the real-time monitor.

‘As the program is being generated in the create/edit phase,
the actual picture is displayed so that corrections can readily
be made.

2.3.5 The Role Of Analysis

The synthesis of control strategies for a terminal and/or
enroute air traffic control system requires analysis to acquire
inherent knowledge of system behavior. It is this knowledge at
the present time that is lacking for the various control system
requirements. In general, ther~ exists an exceptionally strong
requirement for analysis, synthesis, and simulation techniques
that deal with those system and subsystem design parameters,
variables, and characteristics that have actual operational
applicability. The functional system shown in Figure 9 is
presented as a reference ATC system. Given that definitions are
applied to each function (except the scheduling and contrel
strategy), both a scheduling strategy and control strategy must
then be generated that can provide some acceptable measure of
system performance. It is well within the realm of simulation
technology to def1n° the phys1cal environment as a single
terminal area or a "nest" of airports that represents a metroplex
type of terminal area or even the national airspace with its
several hundreds of terminal areas. However, the system may ke
defined, the control system design engineer must devise a control
strategy for the spectrum of terminal area conficurations anda
associated characteristics, e.g., weather, air routes, aircraft
demand, etc.

Specifically, the dominant system variables and parameters
must be determined. The functional and guantitative relationships
among the characteristics of the data link, the physical
environmeht, the aircraft environment and system performance in
terms of terminal area I/0 rates (e.g., arrival and departure
rates), number and frequency of missed approaches, and number and
frequency of potential collisions require examination. These
types of sensitivity data and the statistical behavioral
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characteristics must be realized prior to the synthesis of
control strategies. Significant analysis techniques can be
brought to bear to acquire this information in a methodical
manner as well as to formaulate preliminary control strategies

as a direction function of these system and subsystem behavioral
characteristics.
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Figure 9. - ATC System Flow

APPLICATION TO MULTI-MODAL TRANSPORTATION SYSTEMS

It is envisioned that follow-on work will require a
continuous augmentation of the Multi-Modal Automation Laboratory
facilities and simulation software in order to simulate ground
transportation systems as well as air transportation systems,
e.g., dynamic bus routing simulations, personal rapid transit
systems, and highway system simulation.

DYNAMIC BUS ROUTING -SIMULATION

One of the promising transportation modes for urban
transportation is Dial-A-Ride system (called, alternately, Dial-
A-Bus, Demand-Actuated Route Transit, or Computer Aided Routing
System) that consists of low-capacity vehicles operated over
variabls routes under variable schedules as determined by
demand.® These systems have been conceived to meet the needs of
low-density suburban transportation where travel distances are
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large and the demands are random. Computer simulation has been
and will continue to be one of the major tools in investigating
the interaction of requests, on-line computer, and vehicle fleet.
The development of control strategies for the collection and
distribution of passengers may be aided by simulation.

The display system can be used to display vehicle position,
projected schedule, vehicle breakdowns, and unsatisfied demands
to the chief dispatcher. The proper distribution of tasks between
the computer and dispatcher is an area that needs investigation.
A properly structured facility can simulate the external dis-
turbances, traffic densities, passenger demands, vehicle locations,
dispatching programs, etc. A well designed and applied command
and control system is essential for this type of transportation
mode to be successful.

PERSONAL RAPID TRANSIT SYSTEMS

Personal rapid transit systems may be characterized as
providing personal, demand-responsive, non-stop service over a
relatively fine route web with small guided vehicles. Such
systems may be used as city collection and distribution systems
in conjunction with fast transit links to provide the commuter
with a travel mode competitive with the automobile. The command
and control problem areas related to this system are longitudinal
movement control, control at junctions, routing, dispatching,
control of stations, and vehicle storage.

A method of developing and evaluating command and control
concepts for these systems is by computer simulation. Before
real alternative systems are implemented, large network simula-
tions with many vehicles, realistic demand patterns, vehicle
dynamics, and guideway interactions may be evaluated in terms
of capacity, cost, and safety on this Multi-Modal Automation
Laboratory.

HIGHWAY SYSTEM SIMULATION

Extensions and evaluations of the current Passing Aids
Systems concepts can be facilitated by employing computer
simulation. Several alternative methods are currently being
developed to provide data to motorists on safe passing oppor-
tunities. Presentation of a simulated display of highway
conditions during passing maneuvers to a driver of a vehicle
may aid in assessing the trade-offs in effectiveness between
alternate roadside and in-vehicle display techniques.

General highway engineering systems simulations provide
economical preliminary solutions to the dynamic flow control
problem. Typical applications are exemplified by expressway
metering studies and the evaluation of traffic flow patterns in
the face of impediments (car breakdowns, bus stopping and
etc.). Also, the concept of minimum time versus minimum
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