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“ i 1. SCOPE

K

; A 1.1 Identification. This Operational Concept Document (0CD) describes

Sy

the mission of the Battle Management/Command, Control and Communications

(BM/C3) Graphical Displays system as well as its operational and support

-
.
o

environments. It also describes the functions and characteristics of the com-

b‘ﬁ ~a
-

%g ‘i puter system to be utilized within the overall system.

:; gg 1.2 Purpose. The BM/C3 Graphical Displays being developed will enhance the

é’ " graphical display capabilities associated with three simulations developed by

} 52 the Strategic Defense Command (SDC). These simulations are used to analyze

;g i: and evaluate various BM/C3 concepts in strategic defense against ballistic
o missile systems. The three simulations are:

v o SIMSTAR
o Defense-In-Depth Simulation (DIDSIM)

“ o Tactical Warning/Attack Assessment (TW/AA)

SIMSTAR is used to model the capabilities, reliability, and survivability

/
:
i

'; of C3 systems under varying conditions, including nuclear attack.

;3 g: DIDSIM models the complete range of strategic defense functions. It pro-
i; “ vides the advantage of fidelity selectability among its component modules. Fi-
i; ‘ﬁ delity selectability serves to reduce simulation run time by limiting high fi-
5% " delity modeling to the element under analysis, while other elements of the model
i by operate with low or medium fidelity.

~:! . TW/AA initially modeled only the existing sensor system and its functions,
iéi B including target assessment and times and locations of threat warhead impact.
: % A module was added later to simulate Strategic Defense Initiative (SDI) func-
‘2’ tions and concepts.
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The proposed graphical displays system will use data obtained from the sim-
ulations to develop information displays. However, it will not combine outputs
from more than one simulation in the development of these displays. The infor-
mation displayed will be determined by the data available from each of the
simulations and by the information needs of decision makers performing battle
management functions in a ballistic missile defense system war room environment.
The graphical software must be able to use data derived from a simulation, pro-
duce the required information formatted for display, and display the information

on color monitors and graphic printers.

1.3 Introduction. The US Army Strategic Defense Command (USASDC) requires an

enhanced graphical display capability for its simulation efforts, and to assist
in the comprehensive evaluation of the BM/C3 concepts it is modeling. This 0OCD
shall identify the types of information to be graphically displayed as well as
the expected environment and system where the BM/C3 Graphical Displays software
will be used. The information to be developed and displayed will be that which
best assists in the evaluation of BM/C3 concepts, and which would be essential
to the decision formulation by battle managers operating within the framework of

a strategic defense system. (See 6.1)
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3. MISSION

3.1 Mission Need Requirements. USASDC is one of the agencies charged with

research and development efforts within the SDI. The most promising BM/C3
architectures are being developed around a concept of operations based on a
multi-tiered defense. These tiers are designed to defend against ballistic
missiles in all four phases of their flight: boost, post-boost, midcourse,
and terminal (Fig. 3.1-1). Within each tier the defense must carry out a set
of essential functions: surveillance, acquisition, and tracking; pointing and
tracking of defense weapons; interception, destruction, and kill assessment of
enemy offensive weapons; and battle management. The battle management function
is manifested in the direction of the other functions and the accomplishment of
the defense mission. The defense will be dependent on both ground and space
based components and will be controlled through a multi-echeloned BM/C3 system.
This multi-tiered concept is illustrated in Fig. 3.1-2.

A probable strategic defense BM/C3 command hierarchy begins with a global
battle manager overseeing the operations of regional battle managers whose
responc“~ilities are assigned either geographically, by defensive tier, or as a
combination of both. The lowast BM node will La local battle managers who will
control weapon and sensor systems. Man-in-the-loop may or may not exist at the
local battle management level. The diversity and complexity of such a defense
system will require a command, control and communications system capable of
ensuring positive control of the defense system. This system must be capable of
providing critical information in a manner easily assimilated and acted upon by

decision makers performing battle management functions.
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The need for information display also extends to the results obtained from
computer simulations being used to study SDI BM/C3 issues. The displays must
be capable of presenting the outputs of the simulations on color monitors and
graphic printers. They must also aid in ballistic missile defense decision
making in response to various attack scenmarios. The requirements document pro-
vided by the government is the Scope of Work associated with contract DASG6086-
C-0036, SW-H-39-85, 28 October 1985. The contractor will develop the

requirements specifications associated with each simulation‘'s displays.

3.2 Mission. The BM/C3 Graphical Displays will use the output from the SIMSTAR,
TW/AA, or DIDSIM simulations to provide pictorial and tabular threat scenario
data. This data will be presented on color monitors and graphic printers for
use by decision makers in a strategic defense war room environment. They will
also serve as a tool to be used in the conduct of BM/C3 conceptual and architec-

tural analysis.

3.3 Operational Environment. The graphical displays will be developed from

a scenario database using data outputs from the SIMSTAR, TW/AA, and DIDSIM
simulations. The graphics are to be displayed on the SDC MEGATEK and support-

ing equipment. Pre- and post-processors will be capable of operating with
the existing software and hardware at the SDC Advanced Research Center (ARC).
A more detailed description of the SDC ARC hardware and software being used

is found in 4.4

3.4 Support Environment. The support environment and the operational environ-

ment for this effort are the same.
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4. SYSTEM FUNCTIONS AND CHARACTERISTICS.

4.1 System Functions. The BM/C3 Graphical Displays system will display the data

and information obtained from one of three computer models which simulate the
functions of a strategic defense system. The displays developed will present

this information in a manner which can be readily assimilated by decision makers
and/or battle managers operating in a strategic defense war room environment.
Additionally the displays will aid in the comprehensive evaluation of the con-
cepts being studied with these models. The types of BM/C3 information to be

displayed are addressed in the following subparagraphs.

4.1.1 Planning Information.

4.1.1.1 Preplanned Strategies. The task organization and subordinate unit

mission assignment that a defense command initiates depends on the enemy threat,
friendly assets available, and time available for planning and reaction. Since
multiple attack scenarios are possible and the assets available to meet them may
change; multiple strategic and tactical responses must be prepared. Adherence
to this doctrine will permit a battle manager to reach a rapid decision on which
strategy to implement, and will maximize the available reaction and execution

time.

4.1.1.2 Rules of Engagement. JCS Pub 1 defines rules of engagement as the

positive and procedural management directives issued by competent military
authority, which specify the circumstances and limitations under which forces

will initiate or continue combat engagement with other encountered forces.
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Topics for such rules include: hostile criteria applicable to missile launches;
the right of the defense to initiate operations when attacked without approval
from higher military or civil authority; the command echelon where positive
management of the battle will be conducted; and the criteria governing autono-
mous operations by different elements of the force. Rules of engagement provide
battle managers with the authority to initiate or continue operations with some
confidence that their actions are in accordance with national policy or comply

with previously defined operational plans.

4.1.1.3 Defense Value Structure. Central to the planning and execution of

any defense is the relative value of the assets which are being defended. The
initial value structure will affect strategic and tactical plans, with the more
valued assets receiving greater protection. Once hostilities are initiated that
value structure will change. These changes may be enemy imposed, as ima suc-
cessful nuclear strike against one target; or they may be self imposed, as in
the downgrading of a Strategic Air Command airbase once all aircraft have been
launched. Battle managers must be aware of such changes in the asset value
structure, since those changes will effect the execution of strategic and tac-
tical plans. Figure 4.1.1.3-1 shows some US military targets of strategic

importance.

4.1.1.4 Higher Authority. The initiation of defensive operations will require

approval of higher military authority, or of the National Command Authority
(NCA). Since the possibility exists that nuclear weapons in some form will

comprise part of the defense, Nuclear Release Authorization will be required from
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the NCA. The status of these authorizations must be known to battle managers

| o

if their actions are to be in accordance with national policies and strategy

"
~

-‘.‘
o

%

Should failures in the C3 system require it, strategic defense forces must be

N \
;::: b able to pass such information to strategic offensive forces. Additionally
‘:;: g information on which enemy weapons have been expended must be passed to higher
':'!E‘: " authority and offensive forces to permit retargeting for the most effective use
E'.! 58 of offensive weapons.

"' 3:! 4.1.2 Defense System.

.

'.“ &{ 4.1.2.1 System Architecture. The system architecture consists of all the nodes
‘ and their links within the system. Subsets of the architecture range from a
\ :'.'i depiction of all the BM/C3 centers; sensors; weapons and weapons platforms; com-
munications nodes; and communications links to the NCA, higher military author-

ity, and lateral and subordinate military organizations within the global system

» v
3 M

to a depiction of just those elements controlled by a local battle manager.

4.1.2.2 System Status. The operational status of all the nodes within the

‘-
v

KN system are essential to effective decision-making by battle managers. Status
i.. o
}: Y information required on BM/C3, communications, sensor, and weapons nodes and
0.|' -
:—" ‘. platforms includes:
at
K <3 0 State of Alert
o
KA» 1 o Committed Capacity
- » o Type Equipment (IR, directed energy, other)
. '-
Wy :2'. o Operational Status
N 0 Nodes to Which Connected
[} kY
o E‘é
W
l_* :::.
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4.1.3 Threat Information,

I *
a

g

4.1.3.1 Launch Detection. The number and origination location(s) of launches

ALY

S

S
-~
h
-

is critical to determining the appropriate response strategy. Such information

serves to confirm accidental and peaceful launch situations. It also provides

A

data on probable RV type and yield, and permits early targeting by defense

5
o 0
.

K g

systems. Figure 4.1.3.1-1 shows Soviet ICBM bases with their missile types and
missile test centers. This information is extracted from Soviet Military Power,

';. 1 1986.

L% |

” [
x
kg_ SS 4.1.3.2 Fast Burner Identification. A critical element of the SDI concept
4
%g p js the ability to destroy hostile missiles during the boost phase or prior to
SO
>

de-busing. Fast burners are high acceleration boosters. This high acceleration

AR
e -

significantly reduces the time between launch and de-bus. A potential use of

such weapons is a direct attack on the defense system in order to create safe

ar e

corridors for following boosters and RVs.

b

4.1.3.3 Booster Identification. The number, projectgd trajectory, and type

boosters detected are required to allocate defensive fire during the boost

o)
SO
ﬁ = phase. High priority targets would be fast burners and heavy missiles because
(,‘!!e
- of their potential threat.
)y}
5% . 4.1.3.4 Booster Payload. Estimates on the number and yields of RVs on each
2L n
G 2 booster assist in target assignment by the local battle manager.
~. .s"-’
! § :$ 4,1.3.5 RV Identity. Successful battle management requires the numbers, loca-
Py 5 tions, trajectories, and estimated yields of incoming RVs. RV signatures must
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S
‘} ii be discriminated from those of decoys, debris, and other elements which will
4$ begin to clutter space. RV identity information will be used in engagement
1
i §: decisions. Figure 4.1.3.5-1 shows current land based ballistic missile
N 4 -
0 warning sites and their coverages.
;3 " 4.1.3.6 Impact Location. Projected impact points and footprints of identified
‘.: o0
;% :3 RVs identify threatened friendly assets and assist in determining priorities
i 4 *

for engaging each RV.
ol
R
i 4.1.3.7 Threat Success Rate. The number of RVs targeted against each defended
W
& &; asset must be related to the number of interceptions the defense can accomplish,
L 4
- and the ability of the asset to absorb damage. If the defense system is unable
TR
5¥ - to destroy all incoming RVs, ind the defended asset cannot survive the projected
W
o ii damage it will sustain, the defended asset value may have to change. This would
L&, be accomplished by a conscious decision to sacrifice an unprotectable asset and
i; :i commit the freed defensive capability to other assets.

by

:

4.1.4 Defense Operations.

4.1.4.1 Information Source Reliability. SATKA and battle management are

dependent on sensor supplied information. It is essential that battle managers

ST s TR

E} know the strengths, weaknesses, sensitivity, and reliability of their infor-
>
L mation sources.
n
L] l.:
‘ 4,1.4.2 Target Assignment. The process of target selection and assignment is
) W
e :? initiated at the global level with strategy selection. It filters down through
. command echelons to individual weapons engaging single boosters and RVs.
wihy
‘N',
¥ N
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4.1.4.3 Engagement Status and Kill Assessments; Battle managers must know
R, a which systems are uncommitted, engaging enemy systems, or reaching saturation.
E: \ They must also know how many of the engagements are successful. This type of
:, h information allows changes in defensive strategy and tactics during an extended

nuclear exchange.

72
e o

4.1.4.4 Target Handover. As enemy missiles move from boost to the terminal

%0
Y

-
-

-
.

phase of their course, they will pass through the various tiers of the defense

:. :? and be passed between battle managers, sensors, and weapons systems. The suc-
-'j:. I cess of this handover process will, to a large extent, determine whether the
& battle is won or lost.

S % . . .

WA 4.1.4.5 Saturation. Battle managers must know the ratio of defensive weapon
"»-'F, systems to RVs. This will permit the reallocation of assets to fill gaps. In
n the case of saturation, it will be possible to reach a decision as to which
.&: national assets must be sacrificed.

OO

4.2 Computer System Functions. This paragraph describes the operational func-

R
™y

o tions the computer system must perform to generate graphical displays, rather

than the battle management functions described in 4.1. Figure 4.2-1 is the

AL J
_:‘ "_lﬂ

proposed system flowchart for the generation of any graphical display.

ke

:"J s

;A 4.2.1 Data and Information Collection. The BM/C3 graphical displays software
, *n

f"- :’ will be able to access and use the data and information provided by each of the

* . three simulations. This will be accomplished by modifying the simulations, of ne-

a4 %

;,:}: e cessary, to generate output files containing the appropriate data or information.

e
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g
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J:::i' Modification encompasses only the concepts of adapting existing graphical dis-

play of outputs; creation of graphical displays for outputs which are currently

b 2
X
{1{)("1

0 ' not displayed; and accessing information available with-in a simulation which is

not currently available as an output. It will not include modification of a

.‘_,
PR
=N

2

u " simulation to generate information which is not currently available. The
SR

* E-‘ graphics software will transform this data to information for display. This
o oy COLSA developed software corresponds with the BM/C3 Post-Processcr in Figure
(L

S 4.2-1.

‘-‘\‘?\ N

ooy 2:

(,; 4.2.2 Display Generation. The BM/C3 graphical displays software, the BM/C3
~ . - 3
R T8 Applications Graphics Software in Fig. 4.2-1, must be capable of formatting

the simulation data to generate inputs to the required graphics. Graphical pre-

sentations will include tabular, pictorial, graph, and chart formats. Display

o software must interface with the SDC MEGATEK and supporting equipment. It will
N

"::f A be capable of differentiating databases and able to use utility modules to
E select a particular display for a chosen workstation. Displays will be pre-
f"'

" sented on color monitors and/or graphic printers. Additionally, the display
..p v

;" t:r': software will function on the VAX 11/780 and MEGATEK systems at the ARC.

o ,_o

, E: 4,3 Operator and User Interaction. Interactions described in the following
tf~1 -

ﬁ:: subparagraphs are limited to those between the user and/or operator and the
[ <~

SN . . . . . A

E‘. E graphics package via the MEGATEK. Should a dynamic, interactive capability be
.a "y developed in the future, interactions with the simulation will still be via the
S

;,5:;: - graphics software and MEGATEK package.
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4.3.1 Static Mode. In this mode the user and/or operator will use the graphi-

cal display to present data and information derived from a simulation after the
simulation has run. The input data will come from the stored results of the
simulation. The operator and/or user will be responsible for establishing the
scenario and running the simulation to generate a time-tagged display database,
or providing access to the results of a previous simulation run. The user
selects the software storage media for the display database. The default is
disc storage. Once the data display base has been generated, users will have
to select the information they wish displayed and the media to be used. This
selection will be through the use of menus and of system and environment

variables. Displays may be changed at any time.

4.3.2 Dynamic Mode. In the dynamic mode, the user and/or operator selects

the desired graphics display before and during the simulation run. The capabi-
lity to change an entire graphic display is independent of the simulation, but
is dependent on the display file structure and the structure of the display
database. The display database is updated as the simulation runs, obviating the
need for completing a simulation run prior to use of the display package. The
ability to operate in a dynamic mode may not be present in the current version

of the simulations and no effort will be made to modify them.

4.3.3 Dynamic, Interactive Mode. In this mode, the user and/or operator will

be able to input data to the simulation while it is running based on the infor-
mation being displayed on the monitors and printers. This would permit battle

managers with the opportunity to observe the effects of their decisions. The

capability to establish this mode does not currently exist due to the nature of
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the simulations. Implementation of this mode will require enhancement of the

"ol e

exisiting simulations and is beyond the scope of the current contract.

In

1: B 4.4 Computer System Characteristics.

i Xr

il

VRN 4.4.1 Hardware. The ARC Distributed Data Processing test bed consists of

- Control Data Corporation (CDC), Digital Equipment Corporation (DEC), graphics,

special purpose, and prototype equipment. Discussion here will be limited to

-Q ;f the DEC VAX 11/780 identified as number 12 (VAX 12) at the ARC and the MEGATEK
’EE " graphics hardware.

o3

; - 4.4.1.1 DEC Equipment. DEC hardware consists of 13 VAX 11/780s. These are
EEE E; primarily used for experimental projects and for interactive program development
::é and processing. VAX 12 operates independently of the other VAXes and the “"clus-
’ it ter” formed by VAX 01-08 and 13. For unclassified operations it may be accessed
_:2 . from any terminal at the ARC or over telephone circuits from elsewhere. Inter-
"é “ nal operations are at 9600 baud while remote operations are processed through
:;‘ I; the Infotron Communications Switch at up to 2400 baud. Classified operations
f‘é i must be performed from the secure terminal room. This room houses the four
EE; : MEGATEK workstations and has cabling for up to six terminals. These terminals
&_ L are hardwired directly to VAX 12.
b,
;E; , 4.4.1.2 MEGATEK. The WHIZZARD 7200 graphics system is operational at the ARC.
; E ;R Central to this graphics system is the WHIZZARD 7200 Graphics EngineTM or
;i{ h: controller of which there are two in this system. Each controller drives two

L¥s

-~ -

- i&iﬁ‘ﬂgii;
e

workstations. There are four MEGATEK workstations at the ARC. Each work sta-
tion consists of a color monitor, keyboard, light pen, joystick, and function

switches.

* S
[

'l
L
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the graphics software, and any operating system drivers needed to communicate
with the graphics workstation. A11 graphics output and user input is handled
by the interface controller. It can read and write to graphics memory and can
communicate to the graphics peripherals. Communications between the host com-

puter and the workstations are carried over a high-speed parallel, DMA interface.

4.4.2 Software. The description of available software will be limited to

that which is expected to be used for this program.

4.4.2.1 DEC Standard Software.

4.4.2.1.1 VAX/VMS. This is the general-purpose operating system for VAX
systems. It provides an environment for the concurrent execution of
multiuser timesharing, batch, and real-time applications written in FORTRAN,

BLISS-32, Pascal, and macro-assembly language.

4.4.2.1.2 FORTRAN. The VAX system uses an extended version of FORTRAN 77 and
adheres to the ANSI FORTRAN-77 X3.9-1978 Standard.

4.4.2.1.3 PDL. The Process Development Language is a multi-purpose program-
ming language well suited to top-down design. Although not currently installed

on VAX 12, it will be installed if requested.

4.4.2.1.4 CONMAN., The CONfiguration MANager is a tool that enables a PDL
programmer to compile only the desired procedures in his process. This program

is not currently installed on VAX number 12 but will be installed if requested.
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4.4.2.2 MEGATEK Software. WAND 7200 is the interactive graphics software

package designed by MEGATEK specifically to support the WHIZZARD 7200 family of
graphic display systems. It is written in ANSI FORTRAN following SIGGRAPH
CORE guidelines, but with some modifications where the guidelines proved inade-

quate. The features of WAND 7200 include:

0 Device Independence

0 Computer Independence

0 Memory Management

0 Segmentation

o Transformation Support

The system level of the WAND 7200 contains the device drivers and the com-

puter dependent routines used to tailor it to various computer systems. The
software at the ARC is tailored for use on the VAX 11/780. WAND 7200 handles
all communications with the WHIZZARD system. It conducts display 1ist management
in a way that is transparent to the user and can execute any WHIZZARD 7200 func-

tion,

4.4.2.3 BM/C3 Applications Graphics Software. This software consists of

various routines written in FORTRAN adhering to the ANSI 78 standard. These
routines define the parameters used to establish what will actually be displayed.
The routines then call the WAND 7200 package which drives the WHIZZARD 7200
workstations. The applications routines currently available will be expanded by
COLSA during the course of this project to provide the required graphical

displays.
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' A The applications software will contain an executive unit responsible for
g i controlling tr{e system initialization and database update functions, and the
f“ ::‘; graphic utilities required to build and update the display files. This applica-
D o tions software corresponds with the BM/C3 Applications Graphics Software in Fig.
2y E 4,2-1.

%’, ~ These core units provide a common BM/C3 Graphic Display Software System

35 4 & for the three simulations, but one which is developed in increments applicable
;.:.i. g to each individual simulation. The core elements are described in the
‘ ' : following subparagraphs and shown in Fig. 4.4.2.3-1.

gt

&; & 4.4.2.3.1 BM/C3 Display Graphics Executive. The executive will be the central
3 :_ element in the BM/C3 Display Graphics Software System. Acting as the
‘ . controller, it will maintain the interfaces with the MEGATEK keyboard and the
N

VT100, as well as the interface with the simulation output database to update the

display databases. The executive also monitors the displays to determine

o, X L]
Pl
.-".'
..

IS

whether the displays are in the initialization mode or wupdate mode.

The executive will maintain a table of flags, control words, or indices.

L -
e

‘.-J: These indicators will be developed in sets which are simulation dependent.
::23 E Whether a particular set is active will be determined by which simulation is the
: - source of the display database. These indicators will be set during system ini-
:g'.?: {' tialization, and serve as the means of selecting the various displays and display
E:” formats for viewing.

e, &

;' : 4.4.2.3.2 Initialization Unit (IU). This set of modules will initialize the
' X the MEGATEK display files and workstations; refresh memory; and set the control
E:. Eg words, flags, and indices that direct the executive bookkeeping function. The
i

is
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" IU will initialize the display database size and format and activate the desired

‘ol graphics update modules based on the source simulation.

E
P
AR

4.4.2.3.3 Graphic Utilities. This is a set of software modules that establish

the core of the display initialization and update software routines. These

o
£

routines will perform the generic functions of building and updating the display

files and will not be specific to any simulation data base.
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5. GOVERNMENT AGENCIES. The US Army Strategic Defense Command and its subor-

n dinate elements are currently the only identified development, support, or
e user agencies of this system. However, it is possible that other agencies
A

operating under the aegis of the Strategic Defense Initiative Organization may

r& make use of the graphical displays.
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{&o ' 6. NOTES

6.1 Classified Material Disclaimer

B e

'.\; g No classified information was used in the preparation of this document and
¥

; ! all figures were derived from unclassified material.

ﬁ [ 3

5’3‘, 6.2 Acronyms and Abbreviations

o b4

AL

ANMCC Alternate National Military Command Center
N
f".' 3 ANSI American Na.ional Standard Institute

ARC Advanced Research Center

b7 2
S

ARCSTAT Advanced Research Center Status

S _, BM Battle Manager (-ment)

% : BM/C3 Battle Management/Command, Control and Communications
' i BMD Ballistic Missile Defense

o BMEWS Ballistic Missile Early Warning System

3 : c3 Command, Control and Communications

-

CONUS Continental United States

-

o coC Control Data Corporation

o ,: CINCLANT Commander-in-Chief Atlantic
l. - CONMAN Configuration Manager

_".' e DEC Digital Equipment Corporation
K :::‘_ DIDSIM Defense-In-Depth Simulation
Y h. FPS-85 A type early warning radar
5:: .;5 FSS-7 A type early warning radar
q, ] HQ Headquarters

é IR Infrared
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