
Systems Engineering and Integration of Control
Centers in Support of Multiple Programs

Item Type text; Proceedings

Authors Miller, David N.

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:13:39

Link to Item http://hdl.handle.net/10150/614682

http://hdl.handle.net/10150/614682


SYSTEMS ENGINEERING AND INTEGRATION OF CONTROL 
      CENTERS IN SUPPORT OF MULTIPLE PROGRAMS

David N. Miller

National Aeronautics and Space Administration
Mission Support Directorate

Lyndon B. Johnson Space Center
Houston, Texas 77085

ABSTRACT

The Multiprogram Control Center (MPCC) at the Johnson Space
Center (JSC) was envisioned as a means of satisfying the
ground control requirements for complex Space Transportation
System (STS) payloads and unmanned vehicles. This paper will
describe the role and characteristics of the MPCC and its
relationship to the STS Mission Control Center (MCC). It
will also reveal significant problems encountered and useful
solutions to some fairly generic problems. It will discuss
the current direction of control center technology and
vendor opportunities from the MPCC’s perspective. It will
conclude with specific lessons learned thus far in the MPCC
project.

INTRODUCTION

With the increasing complexity encountered in space vehicles
and missions, control centers can no longer support new
vehicles with capabilities derived from older programs. This
deficiency appears to drive requirements for new,
specialized control centers. However, budgetary constraints
and the mushrooming of new vehicle requirements suggests the
need for a new type of control center which is both generic
and flexible.

From an operational perspective, this control center must
satisfy numerous distinct requirements over a long lifetime
and must support future advances in control and data
processing technology. From a budgetary perspective, the
control center must employ modular designs for
expandability, must be easily reconfigurable to support
various programs, and must take advantage of existing



control and data processing technology, combining elements
of economy and flexibility.

When JSC management agreed to accept operational
responsibility for the Orbital Maneuvering Vehicle (OMV),
Tethered Satellite System (TSS), and Aeroassist Flight
Experiment (AFE), the Space Transportation System (STS)
Mission Control Center (MCC) did not have existing or
planned capability to support those programs. The MPCC will
add the required capability to the MCC while retaining its
own separate identity. In addition, it will be upgradable in
support of future programs, whether currently defined or
undefined. And finally, it will use capabilities developed
for the MCC where appropriate.

The first operational phase of the MPCC is scheduled to
support TSS/STS-44 simulations in late 1990 and flight in
early 1991.

MULTIPROGRAM CONTROL CENTER (MPCC) CHARACTERISTICS

MPCC characteristics include the workstation environment,
workstation functional applications, and, relating to
functional applications, generic capabilities provided for
use by all programs.

WORKSTATION ENVIRONMENT

The MPCC exists primarily in an environment originally
designed to support the MCC Upgrade (MCCU) project. This
includes Masscomp workstations with the latest Unix
operating system. The system developers have added another
layer of control to the operating system for enhanced
configuration management and system services. This layer is
called the Workstation Executive (WEX).

Masscomp was selected early in the MCCU project as a result
of a competitive procurement which was based on cost versus
performance of the machine, particularly the performance of
the high resolution color graphics processor.

The workstation environment was selected to provide the
required user capability and control. The Unix operating
system is supported by a multitude of commercial hardware
and software products. The C language was selected to give
the programmer the maximum Unix portability support, and
access to the full capability of the operating system. WEX



was designed to control user access to certified and
designated software when logging into an operational mode.
It also is intended to eventually provide hardware
independence by isolating the user application from the
system. System services which enhance the user environment
include real-time data acquisition and display
builder/manager.

WORKSTATION FUNCTIONAL APPLICATIONS

Workstations provide decentralized functional data
processing, both for system services and user applications.
Decentralization of data processing encourages concentration
on developing specific functionality with minimal impact to
the rest of the system, limits performance impacts by one
function on the rest of the system, permits user
customization of programs, provides a shared pool of standby
hardware resources, and speeds the insertion of additional
functions or processing power to the system. On the other
hand, decentralization invites new problems in intrasystem
communications and configuration management.

Examples of system workstation applications include
telemetry decommutation, engineering unit (EU) conversion,
data base management, trajectory processing, and flight
design (refer to the MPCC block diagram in Figure 1 for a
visual representation of the functions; acronyms are defined
at the end of this paper).

User applications permit processing of telemetry data with
adequate graphical or algorithmic information to invite the
appropriate manual or automated response to predetermined or
anomalous conditions. These user applications are expected
to bring increasing levels of power and flexibility to
control centers as new applications are envisioned and
implemented.

TOUGHEST PROBLEMS ADDRESSED

The major problems encountered thus far in the development
of MPCC are caused by dependencies on certain programs in
the areas of systems development, interfaces, and
requirements.



FIGURE 1 - MPCC FUNCTIONAL BLOCK DIAGRAM

SYSTEMS DEVELOPMENT DEPENDENCIES

A basic assumption in the early planning for MPCC was that
the MCCU program would provide certain services and
subsystems which would meet specified MPCC requirements.
However, since the MCCU has its own budget and development
schedule problems, schedules for MCCU capability deliveries
must be closely monitored to ensure either that they will be
available for use when required or that the additional work
slipped by MCCU can be picked up by MPCC.

INTERFACE DEPENDENCIES

Supporting multiple vehicles which are being developed
outside of JSC control is presenting difficult problems. For
example, an integral part of the OMV program is the Ground
Control Console (GCC), which will process telemetry and
commands and provide the real-time piloting station for the
OMV. The GCC environment will be DEC VMS instead of Unix.
The GCC Local Area Network (LAN) will be based on TCP/IP
instead of OSI, as in the MPCC. Developing the ability to



transfer data and displays between these environments at low
cost will require judicious technical and management
decisions. A graphic depiction of MPCC interface
complexities is presented in Figure 2.

FIGURE 2 - MPCC FUNCTIONAL INTERFACES

REQUIREMENTS DEFINITION

Since Control Centers must be operational many months prior
to the flight of the corresponding vehicle in order to
support simulations and prelaunch testing, the specific
requirements for controlling that vehicle may not be
finalized before control center development commences. When
multiple vehicles must be supported, the problems caused by
ill-defined requirements are compounded. In addition, when
generic capabilities are being developed for current control
center deliveries, the specific requirements for future
vehicles, such as telemetry rates, sometimes must be
estimated. As a result, capability deliveries and design
reviews must be phased to match the various vehicle delivery
schedules.



USEFUL GENERIC SOLUTIONS

The MPCC will provide solutions to problems which can be
applied to other programs.

A telemetry database is being developed which will archive
on line a large amount of data, probably on optical disk
(Ajuke box@), which will be accessible by user workstations
for time block playback or for generating reports based on
an enhanced commercially available data base query system.

A command generation system is being developed which will
allow, with the aid of a carefully designed user interface,
the building of a command data base from a vehicle data
tape, menu selection and modification of commands from the
data base, combining of commands, automatic generation of
commands from a user application, and initiation of
commands.

An existing trajectory support and flight design system is
being significantly enhanced. Currently planned features
include trajectory data and state vectors to support vehicle
deployment, maneuvers, systems modeling, and atmospheric
flight. Orbit determination will be a possible future
addition.

It is also hoped that the MPCC will be a pathfinder for
future projects which will not only use some subsystems
developed for MPCC but will follow a trend toward
interprogram commonality and shared resources.

WHERE CONTROL CENTER TECHNOLOGY IS HEADED

Future control centers will be supporting more complex
spacecraft with more onboard functionality. This complexity
is growing much faster than spacecraft autonomy; thus,
control centers will become more complex in support of the
spacecraft. However, the growth of processing power on the
ground should suppress a corresponding growth in manpower
requirements.

Increasing spacecraft complexity and a trend toward more
data processing onboard will drive data rates up. The
solution to this may be packetized data which, although
increasing the communications link overhead, will assist in
data routing and will decrease the amount of data handled at
the control center.



Workstation performance is expected to continue its current
dramatic increase, providing more timely interpretation of
telemetry. Data base hardware and software will probably
keep pace with the demands.

LAN standards will continue to jell, and Astandard@ products
will become more widely available. LAN performance is also
expected to increase as these products become available and
competition increases. The remaining problem is one of
standards interpretation and implementation, but expect Ade
facto@ standards to arise also. Another helpful development
will be in the interoperability between standards, such as
TCP/IP-OSI translators and an OSI implementation of
X-windows.

Telemetry preprocessors will continue to provide more
integrated solutions for higher rate telemetry and more
front-end processing. vendors will offer more complete
systems with breakthrough concepts. It will be many years,
though, before control centers will be built without custom
elements.

VENDOR OPPORTUNITIES FROM MPCC PERSPECTIVE

Higher performance in workstations, LANs, and data storage
and retrieval systems will always be in demand.

The MPCC and MCCU could use a Masscomp/Unix-based generic
process monitoring and control package which supports remote
monitoring and control over a LAN. The ability to select
modules would be very useful, since it is desirable to
control the number of types of user interfaces being
supported in the MPCC.

Telemetry decommutation and EU conversion is being
accomplished for MPCC in a workstation class machine, and
frame synchronization will be done in a commercially
available product. MPCC engineers were unable to find a
commercially available product which integrated all of the
above functions while providing all the necessary
programability and system interfaces. Some of the currently
available systems approach a complete solution, but the two
salient factors in the decision to perform decommutation and
EU conversion in a workstation were the desire to avoid
physically modifying a commercial product and the existence
of a workstation software base from earlier projects. The
next generation control center should be able to take



advantage of a commercially available integrated product
line.

LESSONS LEARNED FROM MPCC

The MPCC teaches us some things beyond the normal lessons
learned in a control center development project. The obvious
lesson is that sharing development and resources can save
time and money. But there can also be pitfalls in the act of
supporting multiple programs.

Depending on the progress of one program to support the
schedules of other programs can introduce risk into the
budgets and schedules of the other programs.

AWhat the mind of man can conceive, it can also achieve,@
but only at great risk to the budget and schedule. One such
risk in supporting multiple programs is the concept of
providing a single user interface for all workstation
applications, commercially available software, and
Government-furnished equipment.

Probably the most difficult issue to resolve for MPCC is
user and system requirements. Not only do operational
scenarios and desires fluctuate, but hidden system
characteristics surface, and false assumptions are exposed.
These changes affect the total system development.

The best advice is to recognize that spacecraft programs are
dynamic during the early development phases of the control
center. Stay tuned--control center development will always
be driven by requirements and technology.

ACRONYMS AND ABBREVIATIONS

AFE Aeroassist Flight Experiment

CAL calibration, EU conversion
CM MCC Configuration Management
CMD command(s)

DEC Digital Equipment Corporation

EU engineering unit

FADS Flight Analysis and Design System
FLT flight



GCC OMV Ground Control Console
GDR MCC Generalized Data Retrieval
GFE Government furnished equipment
GPC STS General Purpose Computer (TLM)
GSFC Goddard Space Flight Center

ICV Intercenter Vector
IND independent
ISO International Standards Organization

JSC Lyndon B. Johnson Space Center

LAN local area network

MCC Mission Control Center
MCCU MCC Upgrade
MPCC Multiprogram Control Center
MUX multiplexer

NCC GSFC Network Control Center
NRT STS Near RT Telemetry

0I STS Operational Instrumentation (TLM)
0MV Orbital Maneuvering Vehicle
OSI ISO Open Systems Interconnection

PB play back
PDI STS Payload Data Interleaver (TLM)
PLANS MCC Primary LAN Subsystem
POCC Payload operations Control Center

REQ request
RMT remote
RT real-time

SDSS STS Data Select Switch
STS Space Transportation System

TCP/IP Traffic Control Protocol/Interface Protocol
TLM telemetry
TRAJ trajectory
TRJ trajectory
TRK tracking
TSS Tethered Satellite System

VMS DEC proprietary operating system

WEX Workstation Executive
WS workstation


