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I would like to express v conoratulations to evervone at
CIa, Telespazio and QIUCE who has oontributed to the
realisation of the cround system which will contrel SIPIO
durinc its operational life and in particular to the authors
of this paper who have heen responsible for desiominc that
part of the svster which involves data processinc activities
for the SIRIO flight dynamics control and which is described
here,

This paper presents the results of a very sucessful effort
in which a team of data processine and apvlied software
experts fror CIUCE have collalorated with a crouwp of WAS?
rission support expe its and have been able to acawrulate the
specific applied experience necessarv for operatina SIRIO.

One of the rost irportant results of this coope ation is
that the Telespazio and CONCE teams operatinc on the
irplerentation of the cg¢round system support have
deronstrated that they are able to determine §/C orbits with
a hicher precision than that originally planned by MASA,

This is a remarkable achieverent which recduces costs for
S/C control and makes the ground support svstem designed bv
SIRIO team corpletely independent from MASA support.

As SIRIO Project Manacer, I ar confident that the systemr
described in this paper is the best solution possikle to
satisfv all the needs of the SIRIO mission.
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Abstract

This publication dJdescribes the Flight Dynamics Systes for
the control of the SIRIC mission in its geostationary phase.
Because we nov are several months ahead of the aission
execution schedule, the Plight Dynasmics System is already
being implemented. The design of the system described in
this publication is subject to revision on the revealing of
new requirements or improvements.

In section 1 a general survey of the mission is given: in
section 2 the FDS itself is described; in section 3 the
programs which pursue the main objectives of the FDS are
detailed: in section 4 both hardware and software computing
supports are presented; in section 5 the evolutions and
improvements planned for the PDS are considered.

The reader of the present note is presumed to be familiar
with the V¥M/370 Control Program and Conversational Nonitor
System, with the System/370 Operating System and with the
CWOCE computing facilities.
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1. Introductory remarks

1.7 Mission profile

STRIO is a project sponsored by the CWR (Italian Hational
Research Council) having as principal goals:s

=1~ the performing of a nusbher of scientific
experiments in the field of telecommunications. The
nost remarkable is the propagation experiment at
18 GHg

-2~ the designing of a spacecraft capable of fulfilling
the reguirements of the experiments:

-3~ the stimulating of the electronic and mechanical
industries im Italy by committing them to the
construction of the subsystems of which the S/C is
conposed

-= the concentrating of, in the CIXZ (an organisation
set up for the SIRIO project with the support of
some of the post gqualified mechanical and
electronic industries in Italy), the responsibility
and know-how for integrating and testing the S/C:

-%- the implementing of a ground control system for
operating the $/C during its operational lifeg;

-6- the creating, within the CWR, of a know-how on S/C
mission planning and execution.

STRIO 8/C is now in an advanced state of realization; the
launch is scheduled to take place at Cape Kennedy, Plorida,
the 10th of BRAugust 1977, with a McDonnell and Douglas 2313
launcher provided by HNASA. NASA is also encharged with the
control of the mission, under CWR responsibility, until the
geostationary scheduled position has been reached. After
reaching the the target station point:

-  longitude: 15 degrees ¥West ¢ 1 degree

- height: #2166 ke from the center of the earth

- orbital plane inclination: 0.3 degrees

- spin axis inclimation: 1 degree within the negative
orbit normal,

the S/C and the SIOCC  (SIRIO Operation Control Center which
iz located at Fucino, 50 nmiles from Rome} will both be
checked out., At that point, WASAZ will pass the control of
the $/C to SIOCC. This is 1likely to be approximately thirty
days after launch and is the beginning of the two vear
period of operational 1life of the S/C. During this period,
all the experiments will be performed. In concurrence with
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the experimemts or with shkort interuptions of them, all
necessary operations will be performed to the S/C in order
to maintain it within the specified tolerances and to check
its health.

In particular, the position of SIRY0O in its orbit will be
checked regularly as well as the inclination of the spin
axis. As soon as the position of the 8/C is found to be
going out of tolerances, maneuvers will be planned to bring
the S/C back in its target position.

Particular operations will also have to be perforeed within
the Spring and Autumn egquinox periods in order to prevent
the S/C being damaged by low temperatures occurring during
the sun eclipses. A series of checks of the most critical
subsystess of the satellite will also be performed on a
regular basis.

Bt the completion of the two year period, a decision will be
taken as to vhether to keep the S/C and the experiments
operating as 1long as everything is functioning well or %o
let the S/C drift away from its target position.

1.2 Organization for mission control

The CWR has the full responsibility for the sission
execution through the Mission Control Responsible (MCR) . The
Polytechnic of Milan is responsible for the scientific
coordination of the experiments.

Telespazio has been committed by CWR to perform all the
operations on the S/C; CIAR (the firm who designed and
assembled the S/C) is responsible for the know-how on the
S/C.

Mission
Control
Responsiblg

CNR

CRUCE

S/C know SHE
how

experiment
Cia PdM | coordinatiqn

0.C.G. SIOCC 1

SHE opers. Ground stas

TELESPAZIO

DATA
PROCESS LHL

CRUCE

Fig. 1 - Organization for mission control
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2 pictorial view giving a simplified scheme of the wmain
functions to be performed, is given in fig. 7.

CV¥UCE, on behalf of the CNR, has been assigned the task of
asgisting the ¥CR for the flight dyramics aspects of the
nission with a ¥Flight Dynawmics Control Group (FDCG); CHOCE
is also the data processing center ruanning all the prograams
that, because of thelr dipension, van aot be yus on the
POP~-11/70 of SIOCC. These programs coastiteote the Plight
Dynapics System which is described in this publication.

CI2 covers two main tasks by wonitoring the S/C health
status through a team of Flight Conductors which operate at
sIotC and by providing, on Treguest from CWR, f£light data
analysis for inflight performance evaluations of the S/C
subsystens.

The Polytechnic of Hilan perfores coordination fuonctions
among the experimenters in order to submit their reguests to
the operational group.

Telespazio takes care of coordinating the operations on the
s/¢ through the Operations Coordination Group (DCG). The
STRIO Operation Control Center (STOCC), located at the
Telespazio ground station of Fucino, is the location wvhere
all the operations are actually performed. At Pucino (81.5
lat. ¥: 13 long. E) the primary ground eguipment for SIRIO
control is located i.z. SHF antenna and YHF antenna.

inother SHF antenna is located at the Telespazio ground
station of LARICO {Forthern Italy).
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2. FDS Gemeral Description

2.7 PDS overall

The Flight Dynamics System for the control of the SIRTO
Spacecraft during its operational life, is not an operating
system in the strictest semse of the word. It is rather a
rechanism by which the mission dependent set of stand-alone
programs can execute together in the same computer and can
communicate with each other exchanging data. The primary
function of the PDS is to provide the PDCE (Plight Dynamics
Control Group) and the 0CG (Operations Control Group) with a
flezxible tool +to elaborate the telemetry data transsitted
from the SIRIO spacecraft and the tracking data acquired by
the Fucino and Lario ground stations.

Four main areas of operations are covered by the PDS
softvare:

orbit determination
attitude determination
orbit control

attitude control

i 8 8 1

Por each omne of these main tasks, a computer program has
been developed in accordance with the FDS prime requirements
i.e. flexibility in hardware support and simplicity in its
use.

Because of the amount of computer core needed by these
programs due to the large amount of data processed, and to
the great gquantity of analytic computatioms, the PDS
softwvare has been implemented on the TBN 370 computers at
CNUCE in Pisa and a comamunication link has been established
between the PDP 11/70 of STOCC and the CHUCE computers to
allow the data flow from the Pucino ground station to the
CHWUOCE computing center.

Data flow from SIOCC to CHNOCE is in real-time even if a
reasonable delay of time is allowed between data acguisition
and data processing during the SIRIO spacecraft
geostationary phase.

This is done primarily in order to speed up the operations
during the execution of the station keeping procedures and
also to allow the acquisition and the monitoring of the
telemetry data in the CHOCE remote station during the
critical phases of the SIRIO mission. Data coming from the
Fucino ground station to CHDCE are stored on sagnetic disk
to be processed with a minimum delay of one hour by the FDS
prograns.

Data processing is performed at 4different levels in the
sense that orbit determination and attitude determination
programs directly perform computation on tracking and
telemetry data, even if already préprocessed, while orbit
control and attitude control prograss reguire the results of
the previous programs as input data. Thus, the orbit
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determination and attitude determination programs can be
executed at the same time. The orbit control and the
attitude control programs can also be executed concurrently
but it is not possible to execute determination programs and
control programs at the same time using data relating to the
same epoch.

“he results which are obtained from the execution of these
proorams and which are of primary importance to the PDCG and
the 0CG are as follows:

~ the ORBIT FILE which contains +the Keplerian orbital
elenments of +the TTRID orbit at a given
@pochs

the ATTITUDE FILE which contains the right ascension and
the declination of the SIRID S/C at a
given epochs

- a command sheet either from orbit control or attitude
control programs, detailing a regquested
maneuver to be performed on the SIRIO
S/C.

211 the PDS programs, except for +the Orbit Determination
Program which runs in batch wmode under 05-VY52, are running
ander the V¥ /370 Control Program (CP) and the Conversational
Ponitor System {CHMS) in an interactive way.

Fach program consists of several logic units devoted to the
execution of the different phases of the process. The logic
units in a program are of the following two different types:

~ logic units devoted to the computations needed for
the solution of given probleas.

- logic units devoted to the managemwent of the I/0
files and, more generally, to the management of the
entire systen.

The main characteristic of the system is to allow the
interaction between the user and the computing process at a
certain number of points corresponding to the start and/or
the end of each logic unit, during the execution of a
program. This operating philosophy allows the user to affect
the process by changing the sequence of the opesrations on
the basis of the results of the previous steps. Purthermore,
the automatization of <the data managsment makes the use of
the system easy for the user who, even though he may be an
expert in the field of flight dynamics is not required to
have a great know-how on computing techaniques.

2.2 HWhen ¥DS is used

2s has already been said, SIRIO $/C, after handover, will be
located in its target geostationary position at a longitude
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of '5 degrees W t 2 degrees of tolerance at the height of
42,766 kms from the center of the wearth. The orbit plane
will have an inclination on the equator below 0.2 degrees.
The satellite spin axis will be located within 1 degree of
negative orbit nominal. The described position is actually
not stationary because there is a number of perturbing
forces which move the spacecraft away from its position. The
most strongly influencing forces, due to celestial mechanics
are:

- tesseral accelerations due to the non-sphericity of
the earth;

- lunar~solar attraction:

~ solar pressure.

The Auxiliary Propulsion System installed on the satellite,
which is composed of two axial and two radial jets, allows
for the compensating of the influence of these forces.
Because the axial and radial jets fire in directions which
also have non-axial and non-radial components, maneuvering
the satellite implies wmodifications of the spin axis
position.

Once the actions and the reactions which may be applied to
the S/C are known, it is possible to estimate the usage of
the FDS during SIRIC operational life,

The spin axis, as already said, has to be maintained within
1 degree of negative orbit nominal. The forces that perturb
the spin axis position are the solar radiation and the
torques caused by Jjet firing. Although a prediction of the
frequency of spin axis correction is difficult (the torgues
given by the jets are, at a rough estimate, comparable %o
the ones due to solar radiation but may act in different
planes), it is planned to perform two or three maneuvers of
this kind every year. The Attitude Haneuver Program will be
used for computing the maneuver. The position of the spin
axis will, however, have to be checked regularly +to
determine the on-board SHF antenna coverage. The spin axis
position will also be checked after each maneuver and before
each experiment reguiring this information. The Attitude
Determination Program will be used to compute the attitude
of the spacecraft. This program has, as basic input, the
telemetry data coming from the sensors. These data will be
transmitted from SIOCC to CNWUCE following the procedure
described in the next paragraph.

The longitude of the sub-satellite point has tec be
maintained Dbetwveen 14 and 16 degrees ®. The main force
causing a drifting of the space~craft towards FWest is that
produced by the tesseral acceleration. A sensible action is
also due to the lunar-solar attractior which is changing
with a daily and yearly cycle. The position of the S/C will
be checked reqgularly by using the Orbit Determination
Programn. Once the ODP has detected that the S$/C has drifted
out of tolerance limits, the Orbit ¥aneuver Program will be
eyecuted in order to compute a maneuver which will be
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performed with radial dets and will cause the 5/C to drift
back toward Fast. The drift rate, due to the maneuver, will
decrease until the S$/C again starts to drift West because of
the tesseral acceleration. Tt is planned to perform orbital
paneuvers to correct +the longitude every three or four
months. The orbit will have to be checked £freguently, at
least twice each smonth, and after each maneuver.

Another constraint on the $/C positioning is the inclination
of the orbit which has to be maintained below 0.3 degrees.
The movement of +the orbital plare is mainly due to the
lunar-solar effect and is estimated in the period of the
STFTO mission in and out of plane of about 0.75 degrees per
year, It 1is then planned to perform two WHorth-South
paneuvers yearly using the axial jets. The OHP will be used
to compute the maneuvers. After any maneuver is performed,
the s/C data, e.g. fmel weight, jet calibration, inertial
data, etc, will be updated in order +that the FDS may
compute the next Baneuver.

mhe PDCC will run a Telemetry Display Program (TDP) that
will allow the telemetry to be displayed on a video terminal
wvhenever the 1link with SIOCC is active. The execution of
this program will not be dependent on operative reasons but
will be activated for momitoring the S/C status.

From an operative point of wiew, all the activities related
+o0 the inflight control of SIRTO will be planned with
monthly general schedules and weekly schedules that gill be
updated during the mission with the real data coming from
the S/,

2.3 How to operate FDS

7henever one of the conditions specified in the previous
paragraphs arises, the entire FDS or a part of it is
executed in order to obtain information on how to operate
the S/C.

In fig. 2, the nominal configuration of the FDS operations
is shown.

s appears from the figure, ¢the end users of the FDS are
resident at the remote stations of the PDS network described
in paragraphs 4.1.3 and 8.7.8,

Tn order +to operate the PDS, the users have to set aup a
communication link and access the computers of the CHNUCE
Computing Center by means of an RSCS task (see paragraph
4.,2.3) and/or by logging in a virtual machine, depending on
the peripheral device used. It should be noted that, as said
in paragraph 8.2.3, RSCS permits data transmission between
the Central Processing Units and a remote station only for
batch processing, thus, only the Orbit Determination Program
can be executed using an TBH¥ 3780 Remote Station; this
device is to be wused primarily by the Operations Control
Group to obtain the output of the PDS programs in station.
Up to three virtual machines can be used to operate the FDS.
The SIRSYS virtual machine is the most important because it
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works as a system machine, controlling the FDS programs and
data flow (see fig. 3).
For this machine, two disk units are defiped as follows:

the disk correspondent to the virtuwal address 191 is
devoted to the Telemetry Data File written by the Link
Control Program.

- the disk correspondent ¢to t+he wvirtgal address 197
contains the executable modules of the FDS programs and
the permanent files needed for their execution.

Both disk units are linkable in read-only mode by the FDCG
and OCG user virtual machines, so that the FDS programs can
be executed.

Tt should be noted that, because the Orbit Determination
Program can execute only in batch mode, the load module and
the data sets pertinent to this program are stored on a disk
unit which cannot be accessed by any virtual machine: its
execution can be started from a virtual machine only by
means of TREMOS and cannot be controlled by the user until
completion.

The focal point in operating PDS is +the communication link
between SIOCC and CNUCE Computing Center because it allous
the input data, on which the FPDS programs operate, to be
available to the progrars themselves.

The input data are of the following two different types:

- tracking data for orbit determination
- telemetry data for attitude determination.

mhe tracking data consist of angular data acquired from both
Fucino and Lario ground stations and ranging data acguired
from the Fucino ground station alone; the data are
preprocessed on the PDP 11/70 computer before being
transmitted to the CNUCE Computing Center using the
communication link. The telemetry data are received froam the
SIPTO S/C by the TLH data handling system of +the SIOCC, in
real time, +through the VHF or SHF link. When a telemetry
frame is completely acquired, i. e. every 16 seconds, it is
elaborated on the PDP 11/70 and presented to the user on
three display units: at the same time, the entire frame is
transmitted to the CNUCE Computing Center wusing the same
communication link as for the tracking data.

Pollowing the weekly detailed schedules of <the mission
operations, the SIOCC operator accesses the CNUCE Computers
by logging in the SIRSYS virtual machine from an interactive
terminal and asks the CNWNUCE operator +to start the RSCS task
devoted to the controlling of the data transmission from
SINCC to CHUCE: the SIOCC operator then starts both the
execution of the Link Control Program and the transmission
from PDP 11/70. Data are received by BRSCS and transamitted,
via a channel~to-channel link, to the STRSYS wvirtual machine
vhere the Link Control Program recognizes the type of data.
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mhe tracking data are transmitted from SIRSYS to REMOS(¥*),
and from there +to the tracking data batch processing which
stores them on disk in the Tracking Data Pile.

Once the data acguisition has been completed, the Flight
Dynamics Control Group personnel access the computers of the
CNUCE Computing Center by means of the FPDCG virtual machine
and execute the Orbit Determinration Program via REMOS, using
one of the display termimnals at its disposal.

On the other side, the Operations Control Group personnel
can perform the same operation by using a Terminal Display
Unit and the OCG virtual machine or start directly the Orbit
Determination Program from an IBF 23780 Remote Station via
ESCS and EREMOS. The results, computed by the Orbit
Determination Program, can be either in Orbit File format or
in Fpher File format and are stored on disk or on tape to be
accessed by the other programs of the FDS,

#hen the optiomn disk is chosen, a procedure mnrust be
activated to transfer those files to a disk available for
the user virtual machines.

The telemetry data are transmitted in real time from SIRSYS
to +the FDCG wvirtual machine which should execute the
Telemetry Display Program. Fach time a telemetry frame is
received it is elaborated as on the PDP 11/70 and the data
are presented on a Terminal Display Unit to the Flight
Pynamics Control Group personnel. At the same time, the
telemetry frame is passed to the Telemetry Preprocessor
Program, which is part of the Link Control Program. The TPP
retrieves the information from the time channels and stores
them on disk in the Telemetry Data File.

After each hour of telemetry data acguisition, the Telemetry
Data File is updated by the Link Control Prograam which then
sends a brief summary describing <the operation to the SIOCC
operator on an interactive terminal. The new data inserted
in the Telemetry Data File are made available to the users
while the LCP continues to receive data from SIOCC for the
subsequent hour. The Flight Dynamics Control Group and the
Cperations Control Group personnel can execute the Rttitude
Determination Program by using their own virtual machines
and can compute the attitude of the S/C. The results of the
execution of the BAttitude Determination Program are then
stored on the Attitude File.

Because the ADP may be executed at the same time by the FDCG
and the DCG personnel, in order to avold possible
interference on the execution of <the programs, the Attitude
File is stored on the disk wunit where the vworking files and
the printer files of the single virtuwal machine are stored.
For the same reason, either the Orbit Pile or the Ephem File
as well as the output files from the maneuver programs are
stored on the same disk units.

e GES e W W0 G UB WD N wis WD G0 wb OB gb We G

{*} REMOS 4is a virtual machine set up to control the
exchange of data between 0S and V¥ systems.
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Once the orbit determimation and the attitude determination
have been made and if a mapeuver has been scheduled or is to
be set up on the basis of the previous results, the PDCG and
the O0CTG personnel can execute either the Orbit Haneuver
Program or the Attitude Maneuver Program using their own
virtuval machines.

Taking into account the S/C parameters influencing the
flight and the meneuver specifications made by the users,
the maneuver programs perform a detailed computation of the
maneuver and print out a command sheet to be translated by a
S/C analyst into the appropriate command string to be
transmpitted to the S/C.
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2., Hission dependent software

2111 the programs used for SIRIO mission support are written
in 2SSEMBLER/370 and PORTRAN languages and designed to run
on the IBM 370/168 of the CNUCE Computing Center under
VE/270 except for the Orbit Determination Program which is
running on the IBM 370/158 under 0S/VSZ.

3,7 LCP - Link Control Progranm.

mhe Link Control Program is not a mission dependent progras
in the strictest sense of the word because, in fact, it is
not affected by any of the mnission dependent parameters.
Father, it can be seen as a real time data acquisition
system. The reason why it is considered a mission dependent
program, is that its use at CNUCY Computing Center is
strictly connected with ¥DS of which it is a critical node.

"he main purpose
of the LCP is to
make available to
the other FDS
prograns the
tracking data and
the telepetry data
received from the
SINCC, A baselins
diagran of the
Tink Control
Progras is shown
in figure . &
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receiving telemetry data from SIOCC. The main purpose of the
TDP is to allow the monitoring of the S/C status by
displaying the telemetry data received in real-time from the
S/C itself.

The TDP starts by displaying the nominal values expected
from the telemetry channels and then waits for a telenetry
frame to be transmitted by LCP.

Once the transmission process froe LCP to the reader spool
area of the FDCG virtual wmachine has begun, the TDP
refreshes continuously the data displayed with the new data
read in from the spool area. When a channel goes out of the
proper range, a string of stars is displayed instead of its
numerical value.

Depending on the number of users logged in the computer, it
may happen that data are transmitted by the LCP at higher
speed than they are elaborated bv the TDP.

If this is the case, more than one telemetry frame at a time
is written on the reader spool area of PDCG virtual machine
between two continuous refreshments of the data displayed.In
this case, the TDP reads from the spool area the 1last
telemetry frame transmitted and purges the previous ones in
order to refresh the data with the last updated values. The
process continues until the data transmission is held up. In
figure 5, a baseline diagram of the Telemetry Display

Program is shown.

display thy
nominal
values

purge firs
n-1l trames
.mL
relresh
data P nu
displayed

Fig., 5 - TDP Baseline diagyram
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2.2 opP ~ Orbit Determination Program

The Orbit Determination Program is primarily used, during
mission support, to perform the determination of the orbit
of the S/C starting from the trajectory data observed by one
or more ground stations., As so far described, for the SIRIO
mission support +the input data to +the program are the SHF
antenna pointing angular data acquired at Fucino and Lario
ground stations and the ranging data acquired by the SHF
ranaging equipment of the Fucino ground station. .
The output of the program can be either an Orbit File
containing the Keplerian orbital elements at a given epoch
or an Ephem File containing the ephemerides of the S/C in a
given time span.

The ODP has also been designed to cover a wider area of
computational requirements for mission support, aission
analysis and research and development studies.

To accomplish these objectives, the ODP is built up as a
series of related computer programs, each one devoted to
cover a specific orbit determination reguirement. For a
detailed description of the wentire program see the Orbit
Determination Program user's guide. B general description of
the main tasks covered by the program follows.

The Differential Correction Process 1is the most important
part of the ODP used for SIRIO mission support. Its purpose
is to estimate the wvalues of a set of parameters, called
solve-for variables, in a mathematical model for celestial
bodies motion. The solve-for parameters are those which are
implicit in the equations of motion, i.e. the S/C epoch, the
aerodynamic force parameter, the scale factor on the solar
radiation acceleration, etc.

The parameters are estimated so as to minimize the sum of
the squares of the differences between computed and observed
trajectory data while constraining the parameters to satisfy
their a priori initial estimates within a specified
uncertainty. The tradjectory data required by the programs
are supplied by the users on the Tracking Data File.

4 second important objective pursued by the ODP is the
computation of the time history of the $/C trajectory from a
given set of initial conditions. Typical output is in the
form of Keplerian orbital elements at various times during
the tra jectory.

For the use of the ODP for research and development studies,
a DPData Simulator Process has been designed in order to
output a simulated observation file for the space-craft and
a given set of statiouns.

These observations are the output of a function of an input
tracking schedule and the stations observing the satellite.
Because the observations are computed with the same sodel as
the Differential Correction Process, +the observation file
can be used as input to the ODP itself for pre-launch
testing and analysis.

Another iwmportant function performed by the ODP is to
retrieve data from the ODP files to create teamporary working
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files of data to be used by subseguent ODP rauns.

When executing the ODP in any one of the possible ways,
files of program results may be generated and saved for
later use, external to the ODP, or for subsegment use by
another ODP run.

The most useful data files contain the satellite ephemerides

which are needed by the Attitude Determination Program and
by the maneuver programs.
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3.4 ASP - Attitude Simulator Program

The Attitude Sipulator Program is designed +to work in
conjunction with the Attitude Determination Program for
testing purposes, prelaunch analysis and training mission
support personnel.

The w®wain purpose of +the ASP is to generate sisulated
telemetry data in any of two different formats., Data may be
stored on disk in a Telemetry Data File similar to that
created by the LCP in order to enable the user to run FDS in
simulation mode. Data may be generated also in the format
of the Telemetry Working File of the ADP to be used
primarily for analytical studies or for testing the ADP when
perfect simulated data 1is required with no telemstry
quantization errors. Telemetry data can be sisulated by
means of the spacecraft attitude and spin rate, either as
constant values or as linearly varying gquantities obtained
from the Attitude History File generated by the Attitede
Maneuver Program being used as input to the program. Options
are also provided to apply noise, guantization errors, bit
errors and biases.

The user may interrupt the simulation at any time in order
to change simulation parameiters and to pass from constant to
varying attitnde so that all the phases of the SIRIO
operational life can be simulated.

FPigure 7 is an overview of ASP illustratiang the major
rodules and the principal I/0 interfaces.
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3.5 ADP ~ BRttitude Determination Progran

The Attitude Deteramination Program has been developed to
satisfy the attitude determination reguirements of the SIRIO
S/C.

The ADP retrieves the attitude of the spacecraft £rom the
time channels information inside the telemetry frames
acguired during an entire orbit.

Hot all the frames acguired need to be processed by the ADP.
Tt is estimated that not more than 200 frames distributed
through the same orbit are necessary in order to satisfy the
attitonde determination requirements. The distribution of the
frames to be processed is directly dependent on the
geometric configuration given by the relative position of
the sun, earth and S/C and which varies through the orbit.
For this reason, several options avre provided to combine the
data to be passed to the deterministic processing: options
are provided to select every ith frame from the Telemetry
Data File or to smooth blocks of n consecutive frames to
generate a single smoothed frame. Options for several data
smoothing technigues are also provided to reduce random
noise and the effects of telemetry granularity and possible
nutation. Before performing the attitude determination, an
option is provided to store on the Telemetry Working File
the smoothed data for analytical study purposes.
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The deterministic attitude process computes attitude from
each frame of smoothed data using up to eleven methods.
Because each method yields two possible ambiguous attitudes,
a block averaging procedure is required to Tesolve the
ambiguity in each attitude solution and to compute a
weiaghted average of the unit spin axis vectors.

The results consist of a combined average attitude for all
the eleven methods and individual average attitudes for each
method: these are stored on the BRttitude File,

Because it is possible that no solutions are obtained from
the deterministic process for a significant part of the data
pass due +to the systematic or random errors, a bias
determination technique has also been isplemented on the ADP
in order to handle errors resulting from sensor misalignment
or hardware specifications.

Once the biases are known, they can be used as a priori
values on the smoothing techniques in order to reprocess the
data to be passed to the deterministic process. ,
Pigure 8 shows the principle I/0 interfaces, in figure 9 an
overview of ADP illustrating the major modules is given.

3.6 OEP - Orbit Maneuver Progran

The Orbit Maneuver Program has been designed to provide the
SIRTD mission support personnel with the possibility of
computing and achieving desired on-station orbital
maneuvers. Specifically, the OFMP is able to compute the
detailed maneuver scenarios and jet firing tables necessary
to perform out-ocf-plane corrections, East-Hest station
keeping panenvers, and sigultaneous in-out~-of-plane
corrections.

To achieve these goals, different targeting schemes have
been implemented im the program together with a model of
both propulsion and attitude control. ’

The most important targetimg schemes available in the 0ODP
ares

- Fast-West station-keeping maneuvers targeting on longitude
drift rate or sesi-major azxis

- FTast-dest station~keeping Raneuvers targeting on
longitudinal constraints

- Worth=Socuth station- keeping Baneuvers targeting on
inclination and/or node

-~ Simultaneocus in-out-of-plane maneuvers targeting oR
mnultiple maneuver goals.

By means of a particmlar targeting scheme and using the
rodel of the spacecraft, it is possible to obtain and verify
the end conditions of a maneuver including predicted changes
in orbit, attitode, spin rate and fuel tank status. In
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addition, it is possible to reconstruct amy maneuver given
the jet firing seguence. This allows the calibration of
maneuvers already performed or the fipe tuming of proposed
BEaNEeuvers.,

An overall design of the ODP is givemn ir fig. 10 and a
description of the principal I/0 interfaces is presented in

fig. 11.
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3.7 AEP - Attitude Haneuver Program

The Attitude Manreuver Program is able to compute attitude
reorientation maneuvers of the SIRIO S/C im anyome of four
arthogonal directions having a phase angle to a reference
raector.

The targeting scheme available in the AWP is a reorlentation
paneuver targeting on right ascension and declimation from
an initial attitude and spia rate.

The maneuver can be optimized so that either the minisum
fuel consumption or the maximum Earth Coverage can be
achieved. In addition, for the OBP it is possible to
reconstruct any maneuver given the jet firing seguence and
the start and end conditions of the S/C.

Because several constraints must be satisfied during
attitude reorientation, i.e. antenna coverage Bust be
paintained at all times and spin axis Sun angle mpust remain
within 90 degrees ¢ 23 degrees, the geometry can be
optionally tested for all these conditions.

The results of the execution of the AWP are the commands and
the associated data and detalls necessary for practical
ezecution of the reorientation with a time response of the
S/C spin axis and other meaningful parameters such as Sun
angle, station aspect angle and sensor coverage throughout
the maneuvers. A baseline diagram of the Attitude Haneuver
Program is shoen in £ig. 12.
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&, Computing support
k.7 Hardware configuration
8,1.1 CHWUCE Computing Pacilities

ts shown in fig. 13, the CNUCE Data Processing Service is
based on the use of two Central Processing Units (CPU) as
follows:

- IBHM 370/168 mod.1 with a 84 ®bytes core:
- TBM 370,158 mod.v with a 2 Mbytes core.

The on-line storage capabilities, which are up to 3700
Ebytes for the 168 model and up to 2500 Mbytes for the 158
model, are coapletely based on the use of direct access
storage units. Different types of card readers, printers,
terminals etc. are available to the users for both batch and
interactive processing. The remote entry is assured by means
of standard telephone lines from 110 to #0800 bps, handled
by Tereinal Control Onits (TCUs).

An IBM 2918 switching unit, which connects the CPUs with the
TCOs, enables a great number of 7I/0 devices to be connected
to either of the CPUs in order to change from the nomipal
hardvare configuration when operating necessities regquire
this.

The 168 CPU model is normally devoted to the interactive
service while the 158 CPU model works in batch mode:however,
it is possible to invert the use of the CPUs whemn only a few
users are working in interactive mode in order to allow a
better batch throughput by using the higher power of the 168
vhile switching the interactive service to the 158 which
still provides a very good response time.

The hardware configuration described has been designed by
the CHUCE Data Processing Service experts in order to match
the reliability of the system required for the SIRIO control
and to maintain a high flexibility in hardware support
required by the many users of the CHUCF systems working in
different fields of applied research.

In fact, the hardware configuration is symetric in all its
components, except for the CpUs, and therefore CNUCE
facilities have +to be seen as a pool of peripheral units
which can be connected indifferently to either of the CPUs.

4,1,2 SIOCC Computing Pacilities

The SIDCC system is composed of a Data Processing System, a
Telemetry Data Handling and some Data Coamunication
Interfaces.

The Data Processing System is based on a PDP 11/70 computer
with 96K words of core memory, on two disk cartridge drives,
with 1.2 ¥ words per cartridge, and on two magnetic tape
units, Three alphanumeric displays are used by the operators
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to monitor the telemetry data in real-time and to send
commands to the spacecraft. B 1line printer, a card reader
and an operator consgole couplete the system. The Telesetry
Data Handling is composed of two DC¥ decoding chains which
decode the SIRIO telemetry data received either via VHPF link
or SHF link. Pach chain consists of a bit conditioner which
receives the PCM signal, a frame Synchronizer, which finds
the synchronism and supplies data to the computer through
D¥2 channel and a PCHM simulator which generates a PCH signal
to test the chain.

The Data Communication Interfaces ave used to connect the
SIOCC to other data processing facilities. This allows the
PDP 11/70 to be connected to the SHP experiment data logger,
located in the Fucino SHP station, to the Lario SHP
Data~Processing Systen (pDP 11,/85) and to the CROCE
Cpmputing Center.

B,”.3 BRewote Stations

By remote stations we wmwean any kind of hardware devices,
physically located anywhere, capable of being connected to a
Central Processing UOnit by means of data comeunication
links.

In this sense, a conversational terminal not directly
connected with the Central Processing Unit is +to be
considered a remote station.

By means of a remote station, a general user can communicate
with a computer, executing programs and obtaining as output
the results of the computations on a <type of support
compatible with the eguipment of the remote station itself.
The general definition of remote station applies to the
CNUCE facilities when connecting a peripheral device to the
central computers; this can be done by using either the
virtual machine concept facilities provided by the VM/370
Control Program or the Remote Spooling Communication System
of CHUCE.,

Both of these facilities are used to connect the remote
stations dedicated to the SIRIC mission control and included
in the SIRIO ¥Flight Dynamic System Wetwork as explained in
b,1.4,

For the control of the SIRIO S/C during the geostationary
phase of the mission, four different remote stations have
been installed to match the Plight Dynauic System
Operations.

The first one of the remote stations ig located at SIOCC and
is equipped with the PDP 11/70 of the SIOCC itself which is
seen as a remote terminal by the Central Processing Unit of
CHNUCE during tracking and telemetry data transmission froa
the Pucino ground station to the CWUCE Computing Center,
Another remote station is located at SINCC and consists of a
printing interactive terminal used primarily by the SIOCC
operators to run the LCP. This station has been set up with
the purpose of minimizing the communications needed between
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CHUCE and SIO0OCC operators.

The third remote statiocn of the FDS network is used by the
FDCG personnel in Pisa and is eguipped with +two terminal
display units and one graphic display teraimal.

The display units are noremally used to execute the FDS
programs during schednled operatiomnss the graphic display
terminal is primarily used by the FDCG persoanel to execute
prograes devoted to studies on FDS iamprovement and evolution
and %o graphic applications as well as the standard FDS
pPrograms.

The fourth Temote station dis located in Rome at the
Telespazio Spa building and is eguipped with one terminal
display unit and with one IBK 3780 reader and priater; this
staion is wused by the OCG personnel during scheduled
operations to execute the FDS programs.

8,9.4 Hetwork

211 the softwvare and hardware resources so far described
are assembled together ia the Flight Dynamics System Hetwork
vhich allowys the exchange of information between the Central
Processing Units of +he CNUCE Computing Center and the
remote stations.

4 baseline diagram of the network is shown in fig. 18.

The 1link between the SIOCC computer and the CHWBCE Computing
Center is half deplex, at 1200 bit/sec and is supported by a
standard ¢elephone line. Data arve sent out on the
communication limk by PDP 11/70 by means of Syanchronous Line
Interface DU11. From the other side, the comsunication link
is controlled by a Terminal Control Unit handled through the
Remote Speoling Communication System of CHUCE.

Because the data transaission is one way, £rom SI0CC 1o
CNUCE, any regquest of repetition of an information block by
RSCS is ignored and the information itself is lost. However,
the probability of 1loss of information dume +to errors in
trarsmission for this type of communication iink is
negligible in perceatage if this is compared with the amount
of data to be tramsmitted and to the needs of input data for
orbit determination and attitude determination programs.

The interactive terminal of SIOCC is connected to the CHUCE
Computing Center by means of full duplex communication link,
at 135 bit/sec. Executing the Flight Dynamics prograns fros
this termipal implies a long period of connection time
because of the low <transmission vate of the line and the
amount of data to be printed at the terminal,

The remote station of Telespazio is coannected to the CHUCE
Computing Center with a full duplex communication link, at
4800 bit/sec, which allows the Display Unit and the IBEH 3780
to be connected at the same time at 2800 bit/sec of
transepission rate,

This line more than satisfies the needs of the operations to
be performed in this station.
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¥DS. It has to be mentioned that such a critical link has
been implemented with the highest reliability.

- Pemote Stations: Keeping in mind that the stations have to
be considered as components of FDS, the following cases of
failure of hardware of the stations have to be considered:

- FDCG station in Pisa: the station is fully redundant

-~ DCG station in Rome: +the 0OCG personnel is given the
possibility of receiving the FDS outputs in case of
failure of one or the other terminals because the
ocutputs may be sent on the running unit from the FDCE
station wvia the spool area.

- Pirst SIOCC station: all the wmain units of the PDP
11/70 have back-up except for the Central Processing
Unit which is of +the highest reliability. I€ the CPU
should fail, no iaput data can be sent to CHUCE.

Second STOCC statiom: the only task of this station is
to activate the Link Control Program. If the interactive
terminal should fail, the LCP may be activated from any
other terminal at CHUCE.

- CWUOCE Conmnputing Center: As said in paragraph 8.71.1, the
hardware configuration can be seen as a pool of peripheral
devices which can be connected indifferently to both CPUs
by means of the 2914 unit.

This allows the modification of the configuration of both
computers in a very flexible way.
From this it results thats

« failure of a single device is not critical because it
is always possible to replace the unit with another one
from the same pool

in case of failure of one of +the CPUs all the units
connected to it can be switched to the other CPU.

- the disk units, where the FDS programs and f£iles are
stored, are, at fixed times, copied +to other similar
units, not om~line, which can replace the on-line units
if these should fail.

L,2 Operating Systeas

4.2.1 VvM/370 Control Program and Conversational FHonitor
Systen

virtual Machine Pacility/370 is a system control program
that manages a vreal computing system so that all its
resources are available to many users at the sanme time. Bach
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user has at his disposal the functional equivalent of a
real, dedicated computing system. Because this functional
eguivalent is simulated for the user by v¥/370 and does not
really exist, it is called a virtual machine.

V¥ /270 has two major elements:

The control program {(CP),which controls the resources of
the real computer in order to provide multiple virtual
machines.

The Conversational Yonitor System (CNS), a subsystenm
giving users a wide range of conversational, time
sharing facilities, including creation and management of
files, and compilation, testing and execution of problem
programs.

While the control program of V¥/270 manages the concurrent
execution of the virtual machines, it is also necessary to
have an operating system managing the work flow within each
virtual machine.

For conversational users, the work flow for a virtgal
machine is managed by the CHMS facilities; it is however
possible for each wvirtual machine to use different operating
systems or different releases of the same operating system.
CP provides each virtual machine with virtual device support
and virtual storage; the operating systess themselves
execute as though they were controlling real devices and
real storage.

L.2.2 System/370 0S/9Y52

The System/370 Operating System consists of a control
program {a supervisor, master scheduler and job scheduler)
together with a number of optional processing programs such
as the language translator, utility programs etc. The
processing programs are designed to help the user program
solutions to problems and design new applications. They do
this by giving the programmer a combination of programming
alds, services and precoded routines that can use with
appropriate language statements. Although the control
program also assists the user, its primavry functions are to
efficiently schedule, 3initiate and supervise the work
perforeed by the computing systesn.

The supervisor is the service and control center of the
operating systea. Its primpary function is to perform a
variety of services requested by the usert®s program, such as
allocating storage space, performing T/0 operations, loading
programs into main storage and initiating the execution of
PrOgrams.

The programs that are serviced by the supervisor can be
either optional ©processing programs or user application
programs. User-designed progrars are usually intended for
specific applications, and are normeally prepared and
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scheduled for execution using the supplied processing
programs which provide the means by which programmers can
use the supervisor services.

Among the processing prograss, the master scheduler and the
job scheduler are particularly relevant because together
with the supervisor, they make up the control program, wshichk
to a large extent determines the basic pature of each
operating systen configuration. Phe wmaster scheduler
controls the overall operation of the computing
system- operating systean cosbisation. The Job scheduler
enters Jjob defimitions into the computing systesm, schedules,
and then initiates the performance of work under control of
the supervisor.

4.2.3 Remote Spooling Counmenication System

The Remote Spooling Communication Subsystes is a component
of V#/370. Together wmith the control program of VE/370, it
controls telecompunication I/0 devices and liases used to
actomatically transfer files between:

- VH/370 users abd repote stationss

- ‘Remote stations and other remote stationss

- VH/370 users and remote batch systeas:

- ‘Ramote stations and remote batch systews:

- "Repote stations and a CHS Batch virtuasl machine.

RSCS consists of a multitasking supervisor, systea control
tasks and line driver tasks.

The RSCS supervisor supports multiple system control and
line driver tasks that may be active at any one time. This
include multitask dispaching, the panagement of virtual I/ 0
devices used by RSCS and the management of wvirtuval storage
required by each task.

The systes control tasks provide common services to the line
driver <tasks and provide conmunication with the RSCS
operator. These services include command execution, message
distribution, program check hardling, VH/370 spool systenm
interface, and communication line allocation.

Each lipe driver task manages the transsission of flles to
and from a single vrenote station and provides a
compunication link for remote station operator commands. Due
to functional and hardware differences in terminal
eguipment, each line driver is written to support a specific
class of resote stations.
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FDS forecasted evolutions

The description of FDS given in the previous paragraphs is
actually the design of a system which is now in an advanced
state of implementation. There are many reasoms why, in the
future, FDS could undergo changes or improvements. Some of
these are described below:

-

Changes in hardware or in operating systems at CNUCE:
CNOCE is a computing center serving a large number of
users working im wmany different fields of applied
research. SIRIO represents for CNUCE a remarkable
percentage of the load of the center and has high
priority because of the responsibilities involved,
because the time schedules may never be considered
flexible and because the guality of the service required
is the highest. However, the necessities of other users,
changes in the hardware or software available on the
market, price considerations or other reasons could cause
the direction of CWUCE to modify the configuration of the
Center as it is forecasted to be operating during the
SIRIO mission periocd. 1In this case it will be necessary
to take into account these changes and to adapt the
system to the new configuration.

Tmprovements to FDS data flow: Tt may happen that during
the testing of FDS and during flight simulation it is
found possible to make improvements. Especially as far
as the data flow efficiency is concerned, we expect to
see the possibility of optimizations.

Upcoming regquirements: New requirements for PDS could
arise in connection with wmodifications of the ground
system back-up or modifications of the mission plan.
Provided that the proposed modifications do not imply
conflicts in schedules, they will be implemented before
the m®mission; othervise, the modifications could be
implemented on an experimental system and inserted in the
prime system only when sufficiently tested.

Fvolutions of the System output requirements: During the
operational life of the S/C, it may happen that the
conversational output of FDS is required to be changed
for the better understanding of +the results, or for
condensing them based on the needs of <the software
operators and analysts. These kind of changes are easily
implemented and will be inserted in the system
continuously.

Enrichment of the system with storing and retrieving
facilities of historical data: It will be easy to enrich
the systen with the possibility of storing data
concerning the history of the various parameters which
constitute the inputs or the outputs of PDS. Depending on
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the analysis that will be planned of the historical data,
programmring tools will be implemented in order to allow
the analyst to search, retrieve, correlate or weight
mediate the data he wants. These tools will have to be
designed some months in advance before they are needed.
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