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ABSTRACT

Use of top-down design principles and standard interface

t echni ques provides the basis for a global telenetry data
col l ection, analysis, and satellite control network with a
hi gh degree of survivability via use of distributed
architecture. Use of Commercial Of-The-Shelf (COTS)

har dware and software m nim zes costs and provi des for easy
expansi on and adaption to new satellite constell ations.
Adaptive techniques and | ow cost nultiplexers provide for
graceful system w de degradation and fl exible data

di stribution.
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| NTRODUCTI ON

Pl at f orm managenent of satellites involves supplying power
and proper orientation to satellite payl oads; nany
commer ci al and governnent organi zations are responsi ble for
managi ng nultiple satellite constellations. This invol ves
periodic satellite health checks, anomaly resol ution,
battery reconditioning for eclipse periods, and nmaneuvers
(delta velocity) for geosynchronous satellites. In this tine
of fiscal reductions and increasing requirenents, satellite
managenent orgai ni zati ons have had to automate and build a
gl obal network of earth stations that: operate in a "lights
out" environnent, have graceful system degradation, and
operate in a network environnent as well as being capabl e of
aut ononous operation. The goals of these networks are:



Mai ntain current status of satellite constellations.
Performroutine contacts automatically.

Operate at m ni num cost consistent with requirenents.
G aphical/sinplified human conputer interfaces.

G aceful network/system w de degradati on.

Use of open architecture for future expansion.

SOk wNE

Followng is a description a network based system devel oped
to fulfill all of the preceding requirenents.

DESCRI PTI ON OF THE SYSTEM ARCHI TECTURE

Al'l stations should be configured exactly alike, the |one
exception is the antenna sub-systens because sone sites nay
al ready have an existent antenna sub-system or the
managenent of a new constellation has required that a new
ant enna be purchased.

In order to neet the mi ssion goals, any site nust be capable
of coordinating the entire network of earth stations,
controlling the collection and distribution of a site that
does not have its processing capability avail able, and
providing a full suite of processing capability (both
archival based and realtine). The station architecture
requirenents are net as illustrated in Figure 1.

As can be seen in Figure 1, all interfacing to the telenetry
col lection equipnent is via a Station Interfacing Unit

(SIU). The software drivers/handlers unique to each piece of
equi pnent are contained in the, SIU;, this provides for a
standard interface to the station for purposes of command,
control, and antenna steering. Wen station equipnent is
added or nodified, the only change in software in the Sl U
Via use of data base and table driven software, the site
processor (SP) has its configuration tables edited with
operational paraneters; only the SIU software has to be
expanded or nodified when new equi pnment is added or existent
equi pnent is nodified. Al interfacing between the SIU and
the station equipnent (including the SP and statistical

mul tiplexer) is standard RS-232. The protocol between the SP
and the SIUis an ASCII protocol. For exanple, it is
required to setup the receiver for a contact; the SP outputs
a table with a header indicating this is a receiver
configuration table, it contains the information necessary
to setup the receiver. The SP contains a configuration table
for each satellite that specifies the settings for all of
the telenetry collection equipnent along with the antenna



poi nting angles or the command to inplenent autotrack al ong
with the initial and internedi ate pointing angles and the
autotrack initiation and mai ntenance criteria.

In the event that the SP is not available, the telenetry

col l ection equi pnent and the antenna can be controlled from
the statistical multiplexer by another station with dial-up
capability; the collected baseband telenetry data is sent to
the controlling site via the statistical nultiplexer. In the
nom nal configuration, SP and gl obal network avail able, the
controlling station or Satellite Qperations Center (SQOC)

wi Il send scheduling information, configuration tables for
each satellite, validation tables, Keplers, and other

I nformati on necessary for the site to operate; the site
sends data to the SOC using data conpression in a packetized
manner, alarns due to received telenetry indicating an
anomal ous condition, alarns due to failure to obtain signal
acquisition or telenetry | ockup, and other informtion
requested or routinely sent.

As depicted in Figure 2, the gl obal network allows all
stations to communicate with one anot her using a packetized
protocol. In the event the link is broken, dial-up

comruni cations can be utilized. A leased line is capable of
hi gher data rates than the dial-up Iinks. However the
dial-up links are only passing informati on applicable to a
single data collection point. The use of the network to send
conpressed data is not always satisfactory because sone
users requi re baseband data. The SOC can reconstruct
baseband data fromthe conpressed data (at the cost of
processi ng bandwi dth for other SOC tasks) or the users

requi ring baseband data can dial-up the site performng the
contact and receive the data directly from a baseband
distribution unit (BDU) or fromthe statistical multiplexer.

The site processing unit utilizes a distributed architecture
as shown in Figure 3. The SP is responsible for: realtine
anomal y detection, communicating with the gl obal network,
archiving data, real and post tine analysis, trending,
contact scheduling, and editing of tables. In the event that
the gl obal network is not operational, the site processing
system continues to schedule the contacts via an algorithmc
schedul er. The station can also edit the schedule files to
performdi screte contacts as well. The software for
performng a contact, scheduling, realtine validation, and
other high priority tasks is available in all of the
processor s/ wor kstations conprising the SP; when an el enent



of the SP is not available, the high priority tasks can be
activated in anyone of the SP el enents, thereby preserving
t he aut ononous operational capability of the site.

CONCLUSI ON

It is possible to establish a robust global satellite
comruni cations network to neet m ssion goals at m ni nal

cost. Use of stepw se refinenent, top down structuring, "is
does, as does" docunentation, and formal requirenent, design
and interfacing specifications have contributed to m nim ze
techni cal and devel opnental risk. Rapid prototyping provides
the neans for insuring that the user understands what the
systemis and will be capable of, allows the users to define
the display requirenents, and elimnates or greatly races
the "fine tuning".

Di stributed and open system architecture provides for |ocal
and system wi de robustness. Inhouse devel opnent and

mai nt enance races |ife-cycle costs and insures rapid
response to mnimze neantine to repair failures. By using
standard i nterfacing techni qgues, new conponents can be

pl aced on-line with m ni numinpact. Unique interfacing
requi renents are net by using an i nhouse designed and

| npl ement ed processing unit, the SIU based upon a standard
PC. As new equi pnent and processing systens becone
avai l able, integrating theminto the network environnent
will be facilated with m ni num i npact due to standard
hardware and wel| defined software interfaces.
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