
NEXT GENERATION ANTENNA CONTROLLERS FOR
THE NASA DRYDEN FLIGHT RESEARCH CENTER

Item Type text; Proceedings

Authors Richard, Gaetan C.; Kiss, Laszlo

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:12:56

Link to Item http://hdl.handle.net/10150/608362

http://hdl.handle.net/10150/608362


NEXT GENERATION ANTENNA CONTROLLERS
FOR THE NASA DRYDEN FLIGHT RESEARCH CENTER

Gaetan C. Richard, Ph.D. Laszlo Kiss
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26670 Agoura Road 14794 North 90th Place
Calabasas, CA  91302 USA Scottsdale, AZ 85260 USA

ABSTRACT

Lower operating budgets and reduced personnel are causing the operators of test ranges to
consolidate their assets and seek ways to maximize their utilization. This paper presents
the versatile approach used by the NASA Dryden Flight Test Facility located at Edwards
Air Force Base to monitor, control and operate five of its diversely located telemetry
systems from a central control room. It describes a new generation of multi-purpose
antenna controllers which are currently being installed as part of this NASA upgrade
program.
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INTRODUCTION

This paper presents the versatile approach used by the NASA Dryden Flight Test Facility
located at Edwards Air Force Base to monitor, control and operate five of its diversely
located telemetry systems from a central control room. It describes a new generation of
multi-purpose antenna controllers designed to respond to rapidly changing requirements as
their roles are expanding from the traditional role of strictly controlling antenna systems
with basic control functions and displays to the more complex task of controlling complete
telemetry stations with various types of telemetry equipment. They are also designed to
take advantage of the availability of more sophisticated and more user friendly
commercially available software packages which, when coupled with a multitude of
off-the-shelf components, have brought drastic changes in the implementation of ACUs
and their costs.



MISSION SCENARIO

The NASA Dryden Flight Research Center is currently operating a number of telemetry
receiving antenna systems which are either of the auto-track or of the manual/program
track variety. These systems are located at separate sites which are interconnected via an
Ethernet network (see Figure 1). The various systems are:

Site 1. An auto-tracking system located approximately 150' from the Aeronautical
Tracking Facility #1 building where its ACU and associated telemetry
receivers are located.

Site 2. An auto-tracking system located approximately 300 yards from the
Aeronautical Tracking Facility #1 building where its ACU and associated
telemetry receivers are located. Fiber optics lines are used between the
antenna and the telemetry receivers. 

Site 3. An auto-tracking system located at the main NASA Communications building 
where its ACU and associated telemetry receivers are located.

Site 4. Two manual/program tracking systems located at the Western Aeronautical
Test Communications Facility building where its ACU and associated
telemetry receivers are located.

These systems have traditionally been operated independently and on a stand alone basis
through individual dedicated antenna controllers located in the vicinity of the system it
controls. The goal of this upgrade program was to modernize the antenna controllers at
each site and to do so in a manner which would not only retain the existing local control
capability but which would also permit real time remote control of any of these systems.
This real time remote control capability is such that any and all systems can be controlled
simultaneously from any of the sites or from a central computer located at the Aeronautical
Tracking Facility #1. In addition, this central computer is to provide slaving commands to
any of the systems as well as to perform other functions such as coordinate transformation,
data format transformation, etc.  

SELECTED APPROACH  

The selected approach for the design and implementation of the ACUs and their real time
remote capability is centered on a dual computer architecture which provides
uncompromised real time control and flexible networking or communications capability. 



Figure 1



Control Considerations

The first aspect of the design approach is concerned with the control or the “user
interface” aspect of the ACUs which is intended to make the task of controlling any of the
five antenna systems and complete telemetry stations as easy and efficient as possible. To
that effect every ACU used in this program features a dedicated front panel and
incorporates the capability to support so-called remote front panels. 

Dedicated Front Panel

The dedicated front panel is based on Microsoft Windows and it operates just like any
Windows application. The different menus are used only during system setup and are
avoided completely when the ACU is used to conduct a mission. Any function of the ACU
is accessed through a key press and some front panel keys are dedicated to the ACU
functionality and are available at all times, even when the ACU window is covered
completely by another window, such as a maximized real time video window. This assures
that critical functions are instantaneously available at all times. The layout of the ACU
front panel window accommodates windows that may be placed on top of the window
stack but key pieces of information are located at the periphery of the window such that
they are visible even when another window (real time video, etc.) is active and on top of it. 

Each ACU screen is touch sensitive so that buttons may be pressed without having to use
the trakpad device imbedded in the front panel. The touch panel feature is fully available
even when the ACU window is partially covered and any visible area that contains buttons
may be operated even though the ACU front panel may not be the top most application on
the screen. The trakpad device in combination with the touch screen, the dedicated and
programmable front panel keys, the handwheels and joystick are included to provide the
operator unsurpassed control flexibility.

Remote Front Panel

The so-called remote front panel feature permits real time control and/or monitoring of any
of the five ACUs from any of the five sites. Operation of a remote front panel is identical
to that of any of the local front panels but with the added advantage that the operator can
be located at any of the five sites. The remote front panel utilizes the same software as the
local front panel and is also installed in the central computer. It  can also be installed in
any computer connected to the Ethernet network. 

This approach means that any ACU can be accessed from the front panel of any other
ACU a feature which is most useful when, in a multiple tracking systems environment, a
mission scenario calls for controlling and slaving a remote ACU to any other. A remote



ACU can be placed in the slave mode remotely from the front panel of a local ACU
without the operator having to be present at the remote site. This approach also means that
all sites can be monitored from the central site. Each ACU is capable of supporting several
remote front panels simultaneously of which only one is in control. This capability adds a
level of redundancy which may be required for some missions. In fact, since the front
panel software is designed to run on a number of standard computer platforms beside the
ACU’s, the Central Computer can be used not only to calculate parallax correction and
orbit predictions, but it can also be used to simultaneously monitor any of the ACUs
connected to the network. It is even possible for the Central Computer or any local ACU
to take control of any of the other ACUs in case of an emergency.

Communications Considerations

The second aspect of the design approach is concerned with the communications aspect of
the ACUs which is intended to make the task of communicating between the five ACUs as
flexible as possible to allow real time slaving and control of any ACU to or by any other
ACU. The capability to connect the ACUs to meet these requirements is divided into two
categories: one is the intra-rack communications capability and the other one is the long
distance communications capability.

The intra-rack communications capability is provided through the RS-232C ports in a
conventional manner.

The primary long distance communications capability is provided through the Ethernet
network but an RS-232C communications port is also provided.

Design Architecture

The design architecture of the ACUs must address the fact that in the current application a
dichotomy exists between the requirement to simultaneously perform critical tasks in real
time, such as auto-tracking, parallax correction, etc., and non time critical tasks such as
user interface and communications. The chosen architecture solves this problem by using a
dual computer configuration which by its very nature insures uncompromised real time
performance and solves potential communication and user interface problems. This
approach also allows the user to modify or customize both the user interface and/or the
communication facilities without impacting the real time performance of the controller.
This is achieved by using a general purpose operating system, such as Microsoft
Windows 95, to handle the user interface and much of the communication requirements
and by using a dedicated real time operating system to handle the real time control tasks. 



Provisions are also included to allow the systems to be modified to use other general
purpose operating systems such as, IBM OS/2 and Sun Microsystem Solaris or any other
PC compatible operating system can also be provided.

This approach was selected above the monolithic or single computer configuration because
it is not subject to the limitations inherent in the latter. Typically the monolithic approach
uses the same general purpose operating system for both the real time and the user
interface tasks. While this approach is capable of credibly mimicking real time
performance under benign operational conditions it generally fails to perform real time
when communication and user interface related activities are  increased. This may result in
loss of auto-tracking capability due to the fact that general purpose operating systems are
designed to handle user interface activities most efficiently to the detriment of “real time”
tasks. This type of design may not feature user configurable front panels or user
configurable communication functions because these changes may negatively affect the
real time performance of the controller as the number of system interrupts may increase
above an inherent limit which even priority based scheduling cannot compensate for. 

ACU IMPLEMENTATION

The ACUs are implemented as rack mount units with dedicated front panels which include
a track pad device, a joystick, a set of handwheels and each one consists of a hardware
and of a software component. 

Hardware Component

The hardware component consists of two independent sub-systems: 

1. The real time sub-system with its own computer and associated I/O devices which
perform the real time tasks and part of the communication tasks.

2. The front panel assembly with its own computer which performs the user interface
tasks and the balance of the communication tasks. 

Both computers are based on the IBM AT architecture and are of the 486 DX and
PENTIUM variety. The front panel assembly is centered around a high resolution color
display and incorporates the various switches, the handwheel assemblies, the joystick
assembly and the trakpad device. The display panel itself is a 9.5 inch (diagonal) active
matrix color LCD unit manufactured by Mitsubishi. The panel is 7.6 inch wide by 5.6 inch
high and is capable of displaying 512 colors with a resolution of 640 x 480 pixels (VGA).
It is a device capable of displaying real time video without any smearing and the viewing
angle is sufficient to permit uninhibited angle of view. 



With the exception of the ON/OFF switch the complement of switches uses membrane
switches imbedded in a scratch-resistant polycarbonate panel and includes both dedicated
switches located at each side of the display and soft programmable switches located at the
lower edge of the panel. This layout coupled with the use of graphical screens and multiple
switch functions facilitates the customization of the user interface free of any constraints
imposed by dedicated hardware. Switch functions are software defined and future
expansion of the ACU is not limited by previously selected hardware interfaces. 

Software Component

The software component includes the Real Time Component and the User Interface
Component. 

Real Time Component

The real time component is responsible for controlling all aspects of the pedestal and
antenna system including servo motion control, receiver interface, computation of
autotrack error, slaving to external sources, parallax correction, etc. These activities are
time critical and require a real time executive to guarantee that performance is never
compromised. The state machine which controls the mode changes and automatic
functions of the ACU is also implemented here. It contains a minimal set of user interface
support code since this functionality is delegated to the user interface component. It is
however responsible for interfacing with the handwheels, the joystick and the dedicated
front panel switches.

User Interface Component

The user interface component is given the task of presenting a suitable graphics depiction
of the present state of the ACU on the front panel display and of allowing its user to affect
changes in its operational states. It provides a simple uncluttered man machine interface
for most mission scenarios to be supported by the equipment it controls. The user interface
component is based on Microsoft Windows 95. It utilizes Microsoft OLE Custom Controls
and Automation and relies on the WinSock Application Programming Interface (API) for
its network communication needs. The OLE Custom Controls and Automation library is
included within the ACUs in fully documented form for use in user created applications.

The user interface component includes the capability to control associated pieces of
equipment such as the telemetry receivers. This feature which is logically separate from
the ACU front panel software can be executed independently of the ACU front panel and 



provides the ability to remotely configure and control the receivers at the different sites.
This feature is included because it is an integral part of the remote control operation of a
telemetry station.

The user interface component also includes the capability to display video signals and
process them to allow any form of customization. This includes the ability to
capture/digitize the video signals and otherwise manipulate them without any performance
penalty to the auto-track functionality provided by the real time computer. 

FUNCTIONS AND DISPLAYS

Other than those capabilities mentioned earlier each of the five ACUs incorporates a
complete range of functions and displays which are typically found in antenna controllers.
They belong to one of the following categories and are too numerous to be listed here:

a. Local control of tracking system(s).
b. Remote control of tracking system(s).
c. Communications.
d. Test procedures.
e. Control of telemetry equipment.

It should be noted that the availability of excess computing power at the user interface unit
allow the addition of features such as adaptive search mode which generates a search
pattern taking into account the recent behavior of the target and such as a visual
representation of the actual position of the target with regards to the antenna boresight.

CONCLUSION

It is now feasible to remotely control in real time a number of telemetry stations through
the use of antenna controllers which feature a dual CPU architecture. Implementation of
this technology allows the user to better plan each mission he is supporting, to better
allocate available man power and to provide redundant mission coverage with existing
assets.
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