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Howard D. Stewart, Kenneth D. Russell
and J. Nick Curtis

Idaho National Engineering Laboratory

EGsG Icaho, Inc.

P.O. Box 1625

Idaho Falls, ID 83415

ABSTRACT

Most attempts at the graphic animation of data involve rather large
and expensive develorment of problem-specific systems. This paper
discusses a general craphics animation system designed to be 2 tool
for the developrent of a wide variety of animated simulations. By
incorporatine device-independent graphics procedures and ueing
relational database storage of graphics and control information,
consideratle flexibility in the design and developrent of animated
displays is achieved.

INTRCDUCTION

The graphic animaticr of time series data a2t the Idaho National
Engineering Laboratory (INEL) has greatly enhanced the analysis
capabilities of many scientiets and engineers. The system
developed to perforrm these animations is called NECTAR. This sys-
tem was developed ty a team of scientists, engineers, anc computer
analysts from EG&C Idaho, Inc. It is written in FORTRAN 77 and
currently being run on two CDC (Control Cata Corporation)

176 computers at the INEL. It is now widely used at the INEL and
is alsc used increasingly at other sites.

The NECTAR system becan as the Nuclear Plart Analyzer (NPA). It
was originally designed to te used by the Kuclear Regulatory Com-
mission (NRC) for the analysis of nuclear plant data produced bty
large modeling codes. (1] It was soon realized that a general pur-
pose graphics animation system would be a valuatle analysis tool
for ary type of time series information.[2] The NECTAR system w's
designed, therefore, to accommodate data from many sources. This
syster may graphically animate historical data (“replays®) or data
which is being produced concurrent with the animation
(*simulations®). The latter type of graphics animation allows
real-time manipulation of simulation codes while observing the
results in full colcr on a high resclution graphice monitor.

A GENEPAL GRAPHICS ANIMATION TOOL

The NECTAF system represents an improvement over many conventional
graphics animation systems because of the diversity of the data to
which it can be applied and recause of its adaptatility to various
display devices,

nd ce

Many existing systems graphically display and/or animate informa-
tion from predefined sources. These systems are fixed in the sense

a. Work supported bty the U.S. Nuclear Fegulatory Cormigsion,
Office of Noclear Pegulatory Research urder DCE Contract
No. CE-AC07-761C01570.




lists for the relations are fully inverted and use the B*-tree
algorithm. Many other support utilities, such as recovery,
rebuild, access path optimization, and data structure changing
functions, are also offered. Overall, this database system has
proven to be very effective in NECTAPR.

L e t

The data in this system include the tackground pictures stored in
a device-independent format, the drivers used to animate the data,
information reguired to compute time series data using modeling
codes, historical dsta acquired from many different sources, and
an assortment of tatles and associated information.

A database editor ie an integral part of NECTAF and allows editing
of rew and existing database information within the relations of
the database. Fach analyst may also choose to Create his own
personal database area. The integral editor allows migration of
information between database areas. When an analyst choocses to
review a replay or initiate a simulation, the main datatase or an
individual's personal database is presented for review and selec-
tion as reguested bty that analyst.

DESIGN AND IMPLEMENTATION

NECTAR was designed to accommodate users paving varying levels of
experience. It can bte used in conjunction with many different
modeling codes withcut imposing unnecessary restrictions on their
size. By executing 2 simulation, it can generate new data; this
data can in turn be saved for later review in the execution of a
replay. Simulations and replays are executed using a building
tlock concept erploying pictures, drivers, ané maps.

Analyst Use

NECTAR is a system corposed of many processors whose execution 18
controlled by an executive processor that rinimizes the interaction
reguired of the analyst (see Figure 1). This system uses 2 combi-
nation of hierarchical menus and fill-in-the-blank forms to
interact with the anzlyst.

Since the NECTAR system was developed to offer a great many cptions
to the analyst, it became necessary to provide assistance with 1ts
use. As an option or ~ommand is given by the user at any level,

it is compared against the available options at that level. If it
is not immediately recogrized, an extensive process of analysis is
performed by the system to determine possible atbreviations or
misspellings., If a valid abbreviation is detected, it is used. A
suggested option is presented to the user if any uncertainty exists
within NECTAP concerning the reguest. 1f the user entering the
option is still uncertain, help and/or training may be requested.

A "help” database is used to give 2id whenever reguired and to even
lead the new analyst through an online training course if requested.
Since this help information is stored within the data base, it may
te changed and added to as conditions require. This help is avail~
able anywhere within the system by simply typing the "7" key. An
editor is provided which ailows a data technician to modify or add
additional training or aids at any level. This alleviates the
problems that would occur if user assistance were included within
the computer program itself and needed to be changed by a NECTAR
system programmer. It also helps to keep the agsistance current
with the latest NECTAR features while greatly increasing the con-
fidence of the new user. Since current documentation for any large
system such as NECTAR may not be immediately availatbtle to the user,
this online documentatior, assistance, and training has proven to
be extremely useful.



processed ty the NECTAP system through these supplied routines.
Fach command is recognized and interpreted by the code being
executed, and the reguired adjustments are then made to the simu-
lation by that code. NECTAR simultaneously monitors computed out-
put from the code and reflects the charges in the current graphics
display.

Since each modeling and simulation code is different, the commands
and keys that each recognize during execution vary as well. NECTAR
provides the analyst developing the simulation deck the capability
of storing code-specific keys or commands with the associated com~
mands recognized by another user and the NECTAR system. Additional
help information for the use of each command is also stored for
possible review by another user during execution of the simulation.
Thie feature allows many different modeling codes to te used in

the NECTAR syster and to appear as integral parts of that system
even though they have been independently developed. It also allows
other analysts to use a specific modeling code even though they may
have little or no experience with its execution.

When a simulation is completed, the generated data may be stored as
a historical replay withinr the system's database for later review
and analysis. The review of replays in the NECTAF system is a
relatively inexpensive process with much sraller CPU reguirements
than a real-time simulation.

Sirulations and Rerlays

A graphics display is stored in NECTAR as a simulation or a replay.
A simulation generates data concurrent with graphics animation
using simultaneous execution of a simulation program and the NECTAR
system. A replay craphically animates historical data from one of
many different sources. Each type of animation has its distinctive
advantage. Analysts at INEL use the simulation capabilities to
produce and animate nuclear plant information while changing vari-
ous physical parameters of that plant.(5] These capabilities may
bte used to simulate a nuclear accident, train nuclear plant oper-
ators to respond to various situations,[6] or allow engineers to
analyze features of a plant. Replays are being used to repeatedly
review previous simulations or actual experimental data cbtained
from tests anéd even to compare this data with theoretical data.
Another advantage of the replay of animation data is the capability
to jump from one point in time to another if required. COf course,
the data can not te changed as with a simulation.

To enhance a simulation or replay, many different pictures and
graphics drivers may be associated with each. This allows the
possibility of many different views of the same data. For example,
at INFL, a popular animation of a2 nuclear plant includes a picture
and driver of the total plant schematic with its associated ligquié
levels, flows, pressures, etc. (see Figure 2); a display of the
operator's console, including animated graphs, meters, and strip
charts (see Figure 3); and a close-up of the steam generators with
animated levele, temperature and pressure values, changing colors,
condensation representations, and water droplets (see Figure 4).
The analyst may quickly flip from one picture with its animated
features to another during ‘he course of a simulation, or replay
to get a better understanding of a complete problem.

Bictures

Graphics displays are stored in three associated relations of the
database., The first is the picture, which is a device-independent
representation of the static packground display to be presented on
a graphics terminal. These device-independent commands stored in

the database are retrieved and converted to device-specific com-

mands prior to being displayed on the requested graphics terminal.
Since several high resolution graphics terminals are supported by
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Figure 4. Schematic of once-through stear generators depicting flow
regire status.

NECTAR, the syster has the capability of converting this graphics
information to each format., These pictures are .n full color with
a possibility of extremely high resolution, depending ufon the
capabilities of the graphics terminal being used. One of the most
common graphice terrinals used by NECTAF at the INEL and elsewhere
ig the Tektronix 411%B color-graphics terminal. This terminal
gives excellent resclution and color representations.

syster incorporates an interactive graphics development
led the Cyber Visual System (CVS) to allow creation and
the pictures. This syster is a product of EGeG ldaho,
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ne., at the INEL., The CVS allows the analyst tO use a graphics
terminal and connected graphics pad and to select icons and simple
menus to create and/cr manipulate pictures guickly and easily.
Each final picture is stored in the NECTAR system's database when

completed.
Crivers

The second important part of a display is the driver. The driver
defines locations and methods of animating the static picture. It
is composed of two paris. These are (a) the driver identifier, the
characteristics, and a list of required types of data, and (b) the
instructions used to animate the picture using the regquired data.
The instructions are written in FORTRAN 77 and gtored as capsules
on a library to te retrieved and used when the driver is requested
and the picture has been presented on the screen, A tool to help
develop and test temporary drivers 1S incorporated in NECTAR. Each
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