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THE ON-BOARD COMPUTER SOFTWARE FOR THE Ist BRAZILIAN SATELLITE

J. D. D. ALOWSO, A, R. de PAULA Jr., J. €. CALIMAK and R. ARIAS
Department of Control and Guidance -~ DCG
Insticuto de Fesquisae Eppaclals ~ INPE

L. INTRODUCTION

The On-Board Computera (OBC) foxr cthe Brazilian Complete Space
Mission (MECB) are based on INPE's On-Bosrd Supervision Standard (PISB) which
defines a faulr tolerant distributed processeing system organized iIn two
hierarchical layers. The high level processing units (Masters) avre utilized for
the whele satellice aupervision as well for the communication with the Ground
Segment; the low level processing unita (Slaves) are dedicated to sepecific
subsystems. The processing unite are interconnected by 8 set of redundant
serial buses.

The OBC misslon requirements are performed by the Application

Programg. They are implemented by @ eect of processes resident in the
procasesing unite; Cche commupication among thea are bseed on message exchange.
An Operating Syetem was developed in order to provide process  communication,
synchronization and achaduling.

The Operat.ng Syetem le composed by a set of Nuclei, one for each
procesasing unic, chat providea a highly wodular etructure Eto support any
posaible hardware configuracion, error handling and also to create a process
environrent in which the hardvare layer 1is transparent o the application

layer.
2. THE OBC NUCLEUS

The OBC Nucleus provides the following functions:
8} Process Management: allows acrtivation and deactivacion of processes;
b) Procesa Scheduling: enables the processes to be executed correctly;
¢) Process Communication and Synchronization: allows wessage exchange
between two apecific proceasses;
d) Memory Management: allows dynamic buffer allocarion end deallocation;
e} Time MWanagement: delays the calling process for & specified period of
time;
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£) Syatem Initial1zecion: loada the other Huclewe ruulines and
Application Programs from the Ground Segment.

g) Interrupt Service Routines: attend the interrupt requeste and signal
the handling process; )

h) Iuput/Butput Honitors: provide the interface between the hardware and
the process;

1) Exror Handling: executes error analyuls and recovery procedures when
an errvor is detected;

3} Interprocesao [+ icarion: handles the buffer gending and
racelving from the octher procassing unit.

In order to perform these functiona the Nucleus supports cwo
primary abstractiona: process (vhich does work) and message (which allows
intarprocess communication).

The Nucleus Data Structurs 1s s set of information, scceesed in

mutual sxclusfon, necedsary to the exscution of all HNucleus voutines. It

includes information about the pr (State Queud and Process Control
Block), Message Queues and Nucleus control.
Process Control Block (BCP} 1s & set of information items that
describas the features and the state of a procesa.
There ars Elve process etates, as followe:
a) Waiting: needa a time condition ¢o be executed;
b} Blocked: needs a resource (message buffer) to be executed;
¢) Ready: has all conditions to be executed, except the processor;
d4) Executingt p ths proc H

¢) Inactive: wust not be executad.

Tha process scheduling 1s° bawsd on & periodic Incerrupt, named
fime Base Intarrupt, which provides the time condition to process exgcucion.

The processes in the Ready and Mzicing statee are etructured in

q #; the & ing State (only one process par Mucleus) 1a represented by

wne variasble.

The Ready Queus order is besed on procass ptiority and che
Waiting Quaue order te based on the woment of process activacion.

A Hessags (ueus is o Jon of datas etorage alements, danominated
wessage buffars, which can be utilired by the processss.

Each message buffer conaists of two parta: Hessage Descriptor (4
octete) and Data Pfeld (28 actete). The Mesaage Descriptor 1s couposed by:

8) Linking word (2 octers): pointer to the next wescage buffer In the
DeosAge queus;
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b) Routlng <oentrol (2 octets): this word 1s wutilized co tranafer the

message buffer Erom the source to the destinacion.

3 OBC APPLICATION PRUGRAMS

The Application Program layer consises of a set of processes that
communicates with the other processes through message exchange.
The Application Programs is divided in two classes: On-Board
Supervielon programs and subsystem monitoring programs.
The On-Board Supervision programs consists of a set of procedures
that provides the following facilities:
a) On-Board/Ground communication;
b} Incernal Bus Level protocol (NBI Prococol);
¢} Housekeeping service.
The subsystem wonitoring programe meet the user requiremence
using the faciliciea provided by the MNucleus and the On-Board Supervision

programe. These programs perform data acquisicion and contrel according to che

misglon specification.
3.1 ON-BOARD/GROUND COMMUNICATION

The On~Board/Ground communication is divided im two programe: the
Telemecry (TM) Format Generator and the Telecommand (TC) Analyzer.

During normal operation, only the uoit specified as Master has a
T Format Generator process active. This process continuously generates a
conplete TH Format at 8 race of one format every three pecqnds; which conslsts
of six frames: the first frame containe a Real Time Telemetry (RT TM) and che
other frames contains a Telemetry Message with data acquired remotely by all
the OBC units.

The TC Analyzer has the following functions:

a) to recelve the messages from the Ground Segment, to decomy them and

to analyze the conmands contained in these meseages., If the command is
of the cime tagged type ic 18 placed in the time tagged command gqueue,
otherwige it 18 sent ¢o the appropriate process using wmessage
buffers;
b) to verify the time tagged command queue periadically and to send the
command, that will be executed at that time, to sppropriate process.
¢} to execute Memory Load commands to the Master wnit. The data contained

in these &« de are loaded in the appropriate memory location.
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3.2. INTERNAL BUS LEVEL PROTOCOL (MB} PROTOCOL 5

The NBI Protocol 1s sn Applicaction Program whith has the function
to eacablish communication between the Master and the Slave unite. 1t 1a
exscuted periodically at each Time Base,

Tha Master Unit coordinates the compunication between the
proceseing unite. Only the Master Unic can atsrc o communication with the other
uaite.

There are two typas of data ueed in che communicaticn;

a) Meesage buffer : which has a fix length (32 octets).
b) Command : used to contrel the transmission and reception of a message
buffer.

3.3 0BC HOUSEKEEPING PROGRAMS

The Housekeeping Programs ara the procedures chat verify cthe
behavior of the On-Board Supervigion Subaystem and send reporte to the Grownd
Segment.

The Bousekeeping Programs are nosvoanm by the nawworuun routines:

a

L=

Historic Reporter: thie routine recelves reports from the other
proceswes, checks 1f the number of reports of a deternmined type did
not exceed the maximum allowed and stores then into housakeeping
buffers;

b) Clock Synchronization: it receives the Clock Synchronization
compand from TC Analyzer and sets right the hardware and softvare
clocks. Pertodically the zhanwn.msnn sends 8 mesaage to the Slave Unit
to synchronize their clocks (every 18.2 houre).

€} Proceas Accivacion/Deactivation: it receives an Activacion/
Deactivation Coamsnd from TC Analyzer and activates/desctivates the
appropriate process.

d) Garbage Collector: it periodically clears housekeeping buffers stored
for more than 18.2 hours.

e) Diagnogle processes: these routines verify whether the subunits are

oparating properly. If an error 1s detected in cthe subunite, a report

is sent to the Historic Reporter. '
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o cH INTTTALTZATIUN

fhe B Iniliabization ls started eicher by the power on or when

s serlous wriui ta detested 1t 18 divided in two parte:

al A ltoader tboutsCrap} program that cleatrs the
2TTOT  TEpOrL}: then 1t transfera the

RAM memory {(except an

area reserved for the
initlalization program frem PROM to RAM memory.

%) An Initializacion Program which loads the On-Board Softwaré from

Ground Segment and sends the OBC memory dump to the Ground Segment.

Thia allows in-flight software reprogramming.

This program 1is alse able to send Memory Load commands or memory

unit as well as to receive Memory Load c de and y

dump to che other
dump from the other unit under Ground Segment requesc.
The Slaves initlalization prograw has alsc the capability to send

subeystem data to the Ground Segment via Real Time Telewmatry.

5. COMCLUSION

The software described 1in  chis paper was developed and

the OBC for the first Brezilian seatellice. Currently the OBC

implemenced in
. wadel 1s being

qualification model 1s being tested and the OBC flighe

manufactured.

The baslc software was developed in such way thar it can be

eapily adapted for furure miaslons.
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THE ON-BOARD COMPUTER SOFTWARE FOR THE 1at BRAZILIAN SATELLITE

f. b. D. ALONSO, A, R. de PAULA Jr., J. C. CALIMAN and R, ARIAS
Department of Control and Guldance - BCG

Instituto de Pesquisas Egpaciais - INPE

1. INTRODUCTION

The On-Board Computers (OBC) for the Brazilian Cowplete Space
Miasion (MECB) are baged on INPE's On-Board Supervision Standard (PISB) which
defines a fault tolerant discributed processing system organized 1imn two
hierarchical layers. The high level processing units (Masters) are urilized for
the whole aatellice superviasion as well for the communication with the Ground
Segment; the low level processing units (Slaves) are dedicated to epecific
subsystems. The processing unite are interconnected by a set of redundant
serial busesa.

The OBC misgion requirements are perforwed by the Applicacion
Programs. They are implemented by & get of processes resident in the
processing units; the communication among them are based on wessage exchange.
An Operating System was deveioped in order to provide process communication,
synchronization and echeduling.

The Operat.ng System Ie composed by a set of Nuclei, one for each
processing unit, that provides a highly modular structure cto support any
possaible hardware configuration, error handling and also to create a process
environment in which the hardware layer is transparent to rche application

layer.
2. THE ORC NUCLEUS

The OBC Nucleus provides the following funccions:
a) Process Managewent: allows activation and deactivation of processes;
b) Process Scheduling: enables the processes to be executed correctly;
¢) Process Communication and Synchronization: allows wessage exchange
between two apecific processes;
d) Memory HManagement: allows dynamic buffer allocation and deallocation;
e) Time Management: delaye the calling process for s specified period of

time;
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£) Systen Infclaltzation: loads the other Nucleuws routines and
Application Programs from the Ground Segment.

§) Interrupt Service Routines: atcend the interrupt requests and signal
the handling process;

b)) Input/Output Monjtore: provide the interface between the hardware and
the process;

1) Error Handling: executes ervor analysis and recovery procedurss vhen
#n error 1e datecced:

j) Interprocessor Communicattion: handlea the buffer sending end
receiving from the other processing unic.

In order ko perform these functions che Nucleus supports twe
priwary abatractions: process (which does work) and weagage (which allows
interprocess coumunication).

The Nucleus Data Structure 1ie a get of information, accessed in
mutual excluelon, necesgary to the execution of all HNucleus routines. It
includes information about the procesass (State (Queue and Procesa Contyol
Block), Hessage Queues and Nucleus contrel.

Process Comtrol Block (BCP) 1a a set of information items that
describes the features and che state of & process.

There are five procegs stated, as follows:

* a) Walting: mneeds a time conditfon ‘to be executed;
b} Blocked: bpeeds a resource {mevsage buffer} to be executed;
¢) Ready: has all condicions to be executed., except the processor;
d) Bxecuring: poesessed the processor;
%) Inactive! muel not be executed.

The process gcheduling §6¢ based on & periodic interrupg, named
iime Base InterTupt, which provides the time copdition to process execurlon.

The processes in the Ready swnd Waiting stares are structured in
queued; the Executing ftate (only one process per Wocleus) 15 represented by
one vatiable.

The Ready Queue order 18 based on process prlority and the
Watting Queue order iw bmsed on the woment of process sctivayion.

A Hessage Queue 18 & set of daca stovege alewmenta, denominated
mesvage buffers, which can be ucilized by che processes.

Each message buffer consists of two parte: Megsage Descriptor {4
octets) and Dara Fleld (28 octets). The Mesaage Descriptor is camposed by:

a) Linking word {I octets): pointer to the next message buffer in the

mengage QuUeue;
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bt Routing «untivol (2 ocretsi: this word le wutilized to transfer the

message buffer from the source o the destication.

1 OBC APPLICATION PRUGRAMS

The Applicatrton Program layer consists of a aer of processes khat
cosmunicates with the ocher processes through message exchange. )

The Application Programs 1s divided in two classes: On-Board
Supervision programs and subsystem monitoring programs.

The On-Board Supervision programs consists of a ser of procedures
that provides the following facilithes:

&} On-Board/Ground communicetion;:
b)Y Internal Bus Level protocol {NBI Protecoll;
¢} Hovaekeeping service.

The subsystem wonftoring programs meet the uvser requirements
ualag the faclilicles provided by rhe Huclens and the On-Board Supervision
programs. These prograss perform data acquisition and contrel accordipg to the
wisaion specificacion.

3.1 ON-BOARD/GROUND COMMUNICATIGH

The On~Board/Cround communication is divided in Lwo programst the
Telemerry (M) Format Generator and the Telecommand (YC) Analyzer.
furing normal operation,‘only the wnif spectfied az Master has &
™ Format Cenerator process active. This process continuously penerates a
complete ™ Format at a rare of one Format every three seconds; whick consises
of six framess the first frame contains a Real Timwe Telemetry (2T ™) and the
other frames containg a  Telemerry Message with data zcquired remotely by all
the 0BC units.
The TC &nalyzer has the followlag functions:
#) to receive the measspes from the Ground Sepment, to decompose them and
o analyze the copmands contalned 1n rhese measapges. If the command 1s
of the time ragged type 1t is placed in the time tagged command queue,
otherwise it 1s sent to cthe sppropriate process ualng wessage
buffers;
b) to wverify the time tagged command queue peviodically and to send the
command, that will be executed at that time, to appropriate process.
¢} To execute Memory Load commands to the Master uait. The data contalned

it rhese commands ave losded in the appropriate memary location.
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3.2, INTERNAL BUS LEVEL PROTOCOL (NBI PROTOCOL)

The WBY Protocol is an Applicatlon Program whith hus the tunction
to establish communication berween the Master and the Slave lts. 1t 1s
executed pariodically st each Time Base.

The Master Heit coordinates the commwnication between the
pracessing units. Only the Haster Unit cen atart a compunicatton with the other
unite.

There sre two types of dats used in the comsunication:

2) Message buffer : which has a fix length {32 oetecs).
b) Command : used to comtro) the tranemisaton and veceptior of & wesoage
buffer.

3.1 OBC ROUSEREEPING PROGRAMS

The Housekeeping Frograms are the procedures that verify the
behavior of the On-Board Supervigion Subsyetem and send teports io the Ground
Segment .

The Housekeeping Programe are compnaaq by the following routines:

a} Historic Reporter: this routine receives reporcs from (he other
processes, checks 1f the aumber of reports of a deterwined rype did
not axceed the maximum allowved and stores them inte housekeeping
buffere;

b) Clock Synchrenlzation; it recaives the  Clock Synchrontzatios
compand from TC Analyzer and sets tight the hardwece aad softwars
clocks, Pericdically the Master Unit sends a2 message Co the Slave Unit
te aynchronize thelr clocks {every 18.2 hours).

¢} Process Act fvation/Beactivation: it receivea an activation/
Baactivation Command Frow TC  Apalyzer and  activaresfdeactivates the
apptopriate process.

d) Garbage CGCollectox: it perfodiceily clesrs househeeplng bufiers atored
for more than 18.7 hours.

e) Disgnesie processes: these routines verify whether the aubunice are
operating properXy. If an error is detected in the subunits, a report
ta sent to the Historic Reporier.
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lhe Mt inttiafization 1s started either by the power on or when
a serlous elffoy is detected it 1s divided in two pares:

41 & loadér tbootstrapl program chat c¢lears the RAM memory (except amn
area reserved for the error vteport); then tt transfers the
initialization program from PROM to RAM memory.

b) an Initlalization Program which loads the Oo-Board Software from
Ground Segment and sends the OBC memory dump to the Ground Segment,
This allows in-flight software reprogramming.

This program 1s algo able to send Mewory lLoad commands or meoory
dump to the other unit as well as to recelve Memory Load commands and memory
dump from the ccther unit under Ground Segment request.

The Slaves initialization program has also the capability to send

subsystem data to the Ground Segment via Real Time Telemetry.
5, COMCLUSION

The software described 1in  this paper was developed and
implemented in the OBC for the first Brazilian satellice. Currently the OBC
qualification model 1s being tested and che OBC flight model 1s being
manufactured.

The basic software was developed In such way that it can be

easily adapted for future missiona.
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THE OB BOARE COMPUTER 108( ) FUNUTIONAI TES' NG

Liwschitz, S.L. and Saturno, M.E.
Department of Control and Guldance - DCG
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#BSTRACT

The testing procedures ensure that the OBC hardware and software work
according to che functional epecificactions. They silmulate real operacing
conditions, 1mp Llemented through communtcatien with ground receiving
telecommands (TC} and sending telemetry (TM), The results are cobtained from the
T¥ analyesls which i1s distributed in three different types of verification seta:

1- ™ structure validatiom.
2- OBC memory content verificacion.

3- OBC operating information and satellite sensors data analysila.

GENERAL SATELLITE DESCRIPTION

The first brazilian satellite 18 an experimental spacecraft for real
time reception and retransmiesion of data pgacthered on asurface by automatic
environmental data collecting platforms. For the purpose of thie paper, the
satellite can be seen a» conglsting essentially of three subsysetems:

1- the TCTM Subsystem which 18 responsible for the houaekeeplng TM, TC,
and ranging;

2- the On Board Supervision Subsystem which comprises a computer and & TM
encoder., Its purpose 1e to acquire, process, and store data, £rom the
various eubaystems, for later cransmission to the tracking station.
The computer <can substitute for the res! time telemetry encoder 1if
needed, and can also distribute telecommands that &are not €0 be
executed in rea) cime., The OBC consiste of two microprocessor based
unite: a Commvunicacion and Processing Unit {UPC). and a Communication
and DMetribured Processing Unte (UPD/C);
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3- the payload which consiste of a transponder that retransmits data,
recelved from various Meteorological Ground Stations spread chrough
out che country to a control station located at Culaba.

All real time testing procedures aore executed by the Check-Out
Software System. The OBC temting System will be described later.

RESOURCES USED

The hardwate and software configuration for the OBC testing can be
seen in Figure I, Figure II, and Figure II1I.
There are three types of verification sets:
1- TM sgtructure validation: this task is performed with rthe ald of
program Pl.
2- 0BC memory content verification: performed with the aid of prograw P2.
3~ OBC operating informstion and satellite sensor data analysie: it is
performed with the ald of program P2 by comparing the received data
with the predicted operating situations, and the Real Time data.

TEST PLAN

Basically the followlng steps where adopted for testing che OBC:

I- Turn the OBC on and verify TM,

2= Load the On Board Operational Program (POB).

3- Perform a memory dump to check wether che POB was loaded correctly.

4- Turn sensors on and off. Check results by comparing Real Time TH
and Stored TM.

5— Modify the OBC clock contents and verify the effects by analyzing the
OBC TH.

6- Turn eensors on  and off, in a time delayed way, using the OBC. Check
results as described 1in step 4.

7- Change sensor input physical conditlons. Check new acquired values as

described 1n scep 4.



8- Verify rhe OBC operating conditlons examining the correspondent OBC TM
fields. Compare the related situation with the foreseen operating
condittons,

9- Change wunit status - mascel to s8lave. Verify the results by repeating
step 8.

10~ Turn 0BG off.

CONCLUSION

The functional testing procedures, described here, proved to satisfy
the deslgn purpose, that is, to efficiently test the QBC. Moreover, part of the
programs developed will be wused later, 1n the Satellited Control Center, for

monitoring and analyzing the satellite operation,
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