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IMPROVED GROUND STATION CONSOLES USING NEW
VISUALIZATION TECHNIQUESAND GRAPHICS

TECHNOLOGY

John P. McDaid, Jr.
Loral Test & Information Systems

15378 Avenue of Science
San Diego, CA 92128

ABSTRACT

The advance from alphanumeric terminals to displays using new graphics
technologies like the X Window System and Microsoft Windows has in many cases
failed to tap the full potential of these technologies. Many common telemetry tasks
continue to use similar user interfaces based on tabular real-time data displays and
menus. This paper will demonstrate the application of new techniques which, when
used with emerging graphics technologies, will maximize the effectiveness of
telemetry ground station consoles. Advances in visualization and animation have
greatly enhanced the information content of current displays and significantly
improved their ease of use.
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INTRODUCTION

Operator consoles for telemetry ground systems have significantly improved over the
last decade. Alphanumeric terminals have been succeeded by graphic windowing
systems like the X Window System or Microsoft Windows. These consoles provide
powerful screens consisting of multiple displays, fonts, and colors. In addition, the
windowing system provides network accessibility for these displays. Obvious
improvements have been:

" The use of color to designate states, ranges, and alarms.



" The use of multiple windows on a single terminal head which allows several
tasks or applications to be either displayed simultaneously or singularly while
others are hidden.

" The ability to incorporate distributed architectures where a telemetry ground
station is made up of multiple processors and applications are exported,
imported, or shared among display nodes.

However, even with these improvements, many common telemetry tasks have similar
graphical user interface designs as their character terminal predecessors. Database
field entry displays for telemetry frame definition and tabular real-time data displays
are examples.

By studying the nature and sequence of such telemetry functions as wavetrain
definition, derived parameter processing, and real-time data monitoring, new and
innovative techniques are emerging to maximize performance and increase
productivity. These techniques make superior telemetry ground stations than the
generation of solutions seen in the last five years.

DISPLAY CUSTOMIZATION

The ability to customize consoles and displays allows the end-user to specify his or
her preferences and in the process provides an environment that is more intuitive and
easier to use. As in the area of telemetry database creation, customization can make a
big difference. For instance, does the end-user prefer the first word in a frame to be
Word 1 or Word 0? Is the first subframe Subframe 1 or Subframe 0? Is the frame sync
pattern at the beginning of the frame or the end of the frame? Using the flexibility that
today's graphics tools provide, telemetry displays can be constructed that allow user
interface customization without modifying underlying constructs.

With today's telemetry ground stations becoming more complex, the need to provide a
window or display manager to navigate through the system becomes greater. The
ability to customize this display environment will allow end-users to mimic existing
displays and processes and in turn provide a more user-friendly system. A top-level
display that enumerates the necessary tasks in the correct order would be an example.

PARAMETER DATABASE IMPROVEMENTS

The user interface in which end-users create and maintain their telemetry parameter
database is an area where new graphics technologies have been applied, but older
existing techniques have been kept. Tabular, spreadsheet-like interfaces for parameter



creation provide a more efficient interface than traditional text entry field displays.
This format gives the end-user two advantages: 1) procedures to update, delete, copy,
and paste are more readily available, and 2) the layout of the display provides an easy
association to the underlying database scheme.

New graphics techniques can provide powerful editing capabilities. The Structured
Query Language (SQL) has unofficially been the de facto standard for database
creation and editing. Unfortunately, the use of SQL most often requires the end-user to
type in a rather terse and cryptic language at some command prompt. Although the
action taken by a correct SQL command is powerful, the user interface to enter the
command is not. Graphics techniques of point-and-click and dialog boxes can be used
to support SQL-like functions such as list filtering, field selection, and data editing
without the need to know the language.

The visualization of the telemetry wavetrain format is a powerful tool when creating
and debugging the wavetrain definition. This visualization can show the end-user
frame sync location, subframe ID location, subcommutated words, and
supercommutated words. In addition, such visualization can help debug wavetrain
definitions by highlighting word locations which have two or more measurands
defined.

Most telemetry ground stations represent a data flow architecture. At the top of the
data flow are the input measurands, such as PCM prime words, 1553 words, analog
and digital inputs, and time stamps. This data is input to the processing algorithms
which perform data compression, EU conversion, logical functions, and data alarming.
When creating a telemetry database, the end-user might need to know what
measurands are required to form a given measurand, or vice versa. A data flow
diagram display helps the end-user visualize how data flows through the system. This
can help both debug a single measurand or understand the effects of modifying a
single measurand.

SETUP AND CONTROL IMPROVEMENTS

Many telemetry ground stations have configuration files that describe some part of the
ground station architecture. The user interface determines how easy it is to modify
these configuration files. Typically, a text editor does not begin to give the end-user
the appropriate feedback necessary to do the job. For instance, a configuration file
might describe the logical groupings of resources on a common local area network.
The syntax of this file would need to describe all peripherals (front-end hardware and
workstations), and the groupings and properties of these peripherals. A user interface
that uses unique icons for different types of peripherals and presents them so that they



visualize the logical groupings, provides a much more intuitive interface for
maintaining the file. Furthermore, the use of point-and-click and drag-and-drop
graphics techniques makes editing the configuration much easier.

The similarity of a user interface to any real-life control helps in making the interface
more intuitive. For example, it would be hard to conceive a more easy-to-use control
interface for a recording subsystem than one which mimics the control panel of a
video cassette recorder (VCR). The VCR control panel, with its arrows for play, fast
forward, and reverse, is a common interface which many people can readily relate to.
Likewise, software user interfaces should copy those of any telemetry equipment that
employs well-known, consistent interfaces. This would include analog tape recorders,
bit synchronizers, oscilloscopes, and the like.

DATA DISPLAY IMPROVEMENTS

Data displays, whether real-time or playback, have taken the least advantage of what
the new graphics systems can offer. The telemetry ground station of fifteen to twenty
years ago usually consisted of alphanumeric displays on monochrome CRTs and strip
chart recorders. Current ground stations have displays using color to symbolize alarms
or states, virtual strip chart recorders, and other simple graph types such as bar charts
and cross plots. However, many more powerful techniques can be applied to data to
illustrate information to the end-user.

More complex graph types help monitor data at faster rates and larger quantities.
Three-dimensional graphs, like surface plots, and two-dimensional graphs with a time
phase, like "waterfall" plots, help present large quantities of data over time. A virtual
artificial horizon instrument or an electronic warfare friend/foe display are again
examples of how data displays can mimic real-life instruments to provide the greatest
visualization of data.

The ability to bring animation to real-life processes is perhaps the most powerful
graphics technique for the telemetry ground station user. An ideal example is the
monitoring of a satellite's various subsystems. Instead of displaying digital readouts
and alphanumeric states and alarms, actually animating the subsystems illustrates the
given data more readily. Animated displays could show electrical switches opening or
closing, electrical current flow and routing, thrusters firing, and solar panel
positioning. Along the same lines, flight test engineers could be aided by animating a
three-dimensional model of the test vehicle. Animated displays take advantage of the
ability to present data in the form from which it is derived.



State-sensitive data displays provide a mechanism that allows a ground station
operator to monitor all real-time data even though the data may be too copious to view
all at once. For instance, an operator at a satellite mission control center could by
default monitor a high-level diagram of the space vehicle. If a problem is detected in
one of the subsystems, take for example the electrical power subsystem (EPS), the
representation of the EPS on the high-level diagram would be alarmed appropriately,
and then a detailed schematic of the EPS would be shown. If this schematic showed
that the battery charging circuit was the problem, the display could then present a
more detailed schematic of the circuit. This idea of a screen hierarchy would allow the
operator to navigate through all vehicle data without the need to view it all at once.

CONCLUSION

The application of new graphics and visualization techniques is necessary to bring
telemetry ground station consoles forward and into the future. Figures 1 through 3
show some sample displays.

Although the advent of graphics technologies like the X Window System and
Microsoft Windows has helped ground station consoles tremendously, for the most
part these technologies have only removed barriers that previous display designs
suffered from. Examples are monochrome versus color and character resolution versus
pixel resolution. If the same traditional telemetry setup and data displays are used with
the new technology, only a minimal benefit will be realized. Today's telemetry ground
station developer needs to exploit the power of these technologies by understanding
how the ground station is used. Then, and only then, will new techniques be found that
will yield more productive consoles and displays.
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