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A MODEL OF AUTONOMOUS SYSTEM FOR SCIENTIFIC
EXPERIMENTS AND SPACECRAFT CONTROL FOR DEEP SPACE
MISSIONS
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Abstract: T he particularities of autonomous control system for deep space missions are
described. A new approach for autonomous control system development is proposed and
analyzed in details. Some models are analyzed and compared. The general formal model is
based on the theory of communicating sequential processes (CSP). Methods for
reconfiguration, verification and trace control are described.

The software that is appropriate not only for the spacecraft flight path control but also for
autonomous control of scientific apparatus operation and science experiments parameters is
described. The software enables onboard scientific apparatus to autonomously detect and
respond to science events

Science algorithms, including onboard event detection, feature detection, change detection,
and unusualness detection, are proposed to be used to analyze science data. Thus detecting
features of scientific interest these algorithms are used to downlink only significant science
data. These onboard science algorithms are inputs to onboard decision-making Replaner that
modify the spacecraft observation plan to capture high value science events. This new
observation plan is input for the Task execution subsystem of the Autonomous control system
(ACS), able to adjust the plan to succeed despite run-time anomalies and uncertainties, and
after it is executed by the ACS, which controls onboard scientific apparatus to enable an
autonomous goal-directed exploration and data acquisition to maximize science return.

Keywords: CSP models, autonomous control system, spacecraft, software

1. Introduction

For future interplanetary space missions the long-term goal is to use such
software that is appropriate not only for the spacecratft flight path control but also for
autonomous control of scientific apparatus operation and science experiments
parameters. On these missions, onboard science analysis will enable capture of
short-lived science phenomena. In addition, onboard science analysis will enable
data be captured at the finest time-scales without overwhelming onboard memory or
downlink capacities by varying the data collection rate. Examples include: eruption
of volcanoes on planets and its satellites, cloud detection, formation of jets on
comets, phase transitions in ring systems and etc. For extended duration missions
that study long-term phenomena the generation of derived science products (e.g.,
boundary descriptions, catalogs) and change-based triggering will also reduce data
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Abstract: Some models of the autonomous spacecraft computer systems are
discussed in the paper. The ways to reach the autonomy are described — high
reliability and adaptability of the system, reached by application of Artificial
Intelligence elements, formal structural models (specification, verification and real
time control) and dynamic reconfiguration [1, 2, 4, 9, 10, 11].

A method using trace models in real time for testing of system operations is
described. The method is suitable for systems specified by process algebras (CSP —
Communicating Sequential Processes [3], Timed CSP [6], and ASM — Abstract
State Machine [5], and TAM — Temporal Agent Model [7]), where process traces
are used. The computing processes and these in the hardware are observed.

Special control processes (tracers) are specified. They allow to control in real
time the correspondence of the real system traces and preliminary computed traces
(the formal specification) and send messages to the other subsystems when no
correspondence (e.g. to specification and dynamic reconfiguration subsystems).

The method allows finding in real time the sofiware and hardware incorrectly
functioning (disparity of the traces) based on rigorous mathematical specification.

In the paper are described: an autonomous control system structural model,
an algorithm for real time traces control, possibilities for implementation, using
OCCAM or PC libraries — CPPCSP — C™" Communicating Sequential Processes
library [8], JCSP.

The application of trace models in real time allows to find any system
incorrectly operating and this is one of the ways for increasing the onboard
computer systems’ reliability and to achieve full operation autonomy.

Keywords: CSP models, autonomous control system, spacecraft, sofware.
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Abstract- In the paper some particularities of the autonomous
spacecraft computer systems are discussed The ways to reach
the autonomy are described — high reliability and adaptability of
the systemy, reached by application of Al elements, formal
structural models (specification, verification and real time
control) and dynamic reconfiguration [1,2,4,9,10,11].

A method using trace models in real time for testing of system
operations is described. The mcthod Is suitable for systems
specified by process algebras (CSP — Communicating Sequential
Processes [3], Timed CSP [6], ASM — Abstract State Machine
[5], and TAM ~ Temporal Agent Model [7]) where process traces
are used The computing processes and these in the hardware
are observed.

Special control processes (fracers) are specified. They allow to
control in real time the correspondence of the real system traces
and preliminary computed traces (the formal specification) and
send messages to the other subsystems when no correspondence
(e.g. to specification and dynamic reconfiguration subsystems).
The method allows finding in real time the software and
hardware incorrectly functioning (disparity of the traces) based
on rigorous mathematical specification.

In the paper are described: an autonomous confrol system
structural model, an algorithm for real time traces control,
software simulations (laboratory models) of autonomous
systems, the faults and reaction of the tracer-processes, all based
on CPPCSP - C++ Communicating Sequential Processes library
(8]

The application of trace models in real time allows find any
system incorrectly operating and this is one of the ways for
increasing the onboard computer systems’ reliability and to
achieve full operation autonomy.

I INTRODUCTION

The autonamy of the onboard computer control and
information systems becomes more and more important with
the deep space unmanned flights. It means higher reliability
of the system and possibility to change system configuration
in real-time depending of the system and environment state.
How to reach this?

A new generation of spacecrafts with a new generation of
control systems is needed for these missions. Their most
important specialty is the possibility for long autonomous
operation and others:

- minimal dependence from the ground systems;,

0-7803-8977-8/05/$20.00 ©2005 IEEE.
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- operation by general commands,

- planning and scheduling;

- high reliability of the system hardware and software,

- system dynamic recovering and reconfiguration.

These principles are most fully realized in the REMOTE
AGENT (RA) model based system [4].

The aerospace control systems (ACS) for awcraft or
spacecraft navigation are complex multiprocessor systems.
They include many hardware and software objects that are
communicatng in 8 real-ime mode. The standard
stabilization and navigation systems are not fault resistant and
they have static configurations and insufficient reliability. The
most important characteristic of these systems is their
reliability. As NASA reports many crashes were not due to
hardware but software failure [9]. To increase the ACS
software reliability formal methods are used in recent years
(10, 11].

Usually formal methods implementation consists of two
steps: specification and verification. The particularity of the
approach described in the paper is that it includes in addition
a real-time trace control which allows relatively easy
computer realization of software specification and
verification. The approach also includes method for dynamic
reconfiguration of ACS structure in accordance with the
developed formal model.

This paper presents the author’s approach for creating of
autonomous control and modeling system called ACS
(Autonemous Control System). The approach is characterized

using of formal models and methods at all the system
operating cycle,

the system is presented as set of objects freely configurable
and connectible by channels [2];

Artificial Intelligence (AI) is used in the stage of system
reconfiguration or as a part of the control process.

The main differences of ACS from RA are:

ACS executes control and development functions - in real
time it makes dynamic reconfiguration (analysis, synthesis
and ete.) of the execution control system;
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Abstract — The particularities of autonomous control
system for deep space missions are described. Some
models are analyzed and compared. The team approach is
analyzed in details. The general formal model is based on
the theory of communicating sequential processes (CSP)
and is set of communicating processes. Methods for
reconfiguration, verification and trace control are
described.

INTRODUCTION

The Space Research gradually goes from the near
Space to the far away Space and the planets (NASA
missions Deep Space One (DS1), The Space
Interferometry Mission (SIM), Space Technology 3(ST3),
In-situ Propellent (ISSP).

A new generation of spacecrafts with a new
generation of control systems is needed for these
missions. Their most important specialty is the possibility
for long autonomous operation and others:

- minimal dependence from the ground systems;

- operation by general commands;

- planning and scheduling;

- high reliability of the system hardware and

software;

- system dynamic recovering and reconfiguration.

These principles are most fully realized in the
REMOTE AGENT (RA) model based system [1].

This paper presents the author's approach for creating
of autonomous control and modeling system called ACS

(Autonomous Control System). The approach is
characterized by:
- using of formal models and methods at all the
system operating cycle;

- the system is presented as set of objects freely
configurable and connectible by channels [2]:

- Artificial Intelligence (Al) is used in the stage of
system reconfiguration or as a part of the control
process.

The main differences of ACS from RA are:

- ACS executes control and development functions
— in real time it makes dynamic reconfiguration
(analysis, synthesis and etc.) of the execution
control system;

- Al functions are used in the control process if it is
necessary and in the system development;
formal models and methods are used repeatedly -
to create and verify formal specification and to

0-7803-8142-4/03/$17.00©2003 IEEE

control the traces of the system processes, all in
real time. 1
The structure of the ACS system is shown on Fig.1.

GENERAL CHARACTERISTICS OF THE APPROACH

The approach includes:

1. Software formal models (specifications).

The software formal models are a process models type
(a sequential process, that can be exccuted parallel),
where the processes are communicating (and are
synchronized) by a message exchange.

2. Software system verification, using Hoare'’s (CSP)
specifications and laws.

With the CSP theory the software properties can be
specified and vernified.

3. System operations control, using Hoare's trace
models.

The traces describe all events that have place, or can
have place in the computing process, and can be used for
run-time control,

4. System structure and parameters run-time
determining on the base of information about control
system, object and background states, This is a separate
subsystem of the computer control system.

5. Dynamic reconfiguration: on the base of the
specification, the system structure and parameters are
implemented in the general software model frame.

6. Real-time simulation

Corresponding to this approach the ACS is treated
like a set of software and hardware objects that can be
configured to exchange information and to synchronize
and get access to common System resources.

CSP MODELS

The CSP models describe functions and structure of the
system by set of communicating sequential processes,
that can be executed parallel. The models include CSP-
description, alphabet, trace and specification. The
mteractions are synchronous by one-direction channels.

The models described below represent a RTS system that

consists of four main processes (CONTROL,
MEASUREMENT, SIMULATION, and MODEL):

| MODELING =CONTROL | MEASUREMENT || SIMULATION

| MODEL, ]
where the symbol II indicates parallel processes.
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BOPAOBA CHCTEMA 3A CBOP HA HAYYHA HH®OPMAIIMA
MPH H3CJIEJIBAHHSA CbhC CITbTHUIH

[1.C.Anrenos, M.H.I'ymesa, [1.J1. Xpucros, B.I" Mapkos

B noknana e nokasana eMa BRIMOKHA PeAnH3AUMS Ha Gopaosa
cacTema 3a cbop Ha HayuHa WHGOPMAUKA C HINOMIBAHETO HA
My Tudynxusonanten IO moayn Ha ¢pupmara "National Instruments”,
O6ocropana ¢ ¥ nenecsoGpatHOCTTA HA €AHA TAKABA PCANH3ALMA 34
UETHTE HA KOCMHYECKHTE HICNEABAHHA C TOMOIITA Ha CIThTHHIIN.

BuBenenne

OcbluecTBABAHETO HAa  YCHCWHH  KOCMHYECKH  €KCNIEDHMEHTH e
M3KJIIOYHTENIHO TPyAHA 3aja4a. TAXHOTO MHOrooOpaszue: eKCNepHMEHTH Ha
PakeTH, roieMH, MHKPO M HaHO CITbTHHIH, KOCMHYECKH CTAHUHH M Jp. ce
c61bCKBa CHC CHBPEMEHHHTE TEXHHYECKH H TEXHOMOTHYHHN MOCTHXEHHS, H Hak-
BeYe C HKOHOMHUYECKHTE BB3MOKHOCTH Ha excnepuMenTtatoprrte. Ha Gasara na
Jocera HATPYNaHWTE EKCMEPHMEHTANHM JIaHHH OT TMPOBEJCHH KOCMWYECKH
CKCMEPHMEHTH B HacToslaTa paboTa ce npejiara eMH NOAXOA 33 CH3AaBaHEe
Ha Gopaosa crcTema 3a c6Op Ha IaAHHM OT AHATIOTOBH WM UMGPOBH CEHCOPH 38
Obaewn HayyHW KOCMHYECKH eKcriepHMeHTH. Ta3M cucTremMa HMma mo-
YHHBEPCAZIEH XapakTep M jaBa BBIMOKHOCT B naGopaTopuu yclnoBHS faa ce
CHMY/THpa M3LAN0 KOCMHYECKHMA EKCIICpUMEHT, He3JaBHCHMO OT Herosara

crneuHdHKa H NpegHasHAYeHHE.

ANapaTHo W NPOrPAMHO OCHIYPsIBaHE HA CHCTEMa 3a chop Ha
Hay4YHa HAPOpMAaLHA

3a anapaTHO M NPOrpamMHO OCHrypsABaHE Ha cHcTeMa 3a cGOp HA HayYHa

HHpopMauns e wu3bpan mynTudyHKuHOHanew Momyn 6030E Ha ¢upmara
"National Instruments” [1], npeana3sHaven 3a coBMecTHa pabora ¢ PC (®ur.1).

o BLS »
BUFFER MULTIFUNCTIONAL | %

MODULE [<——>|  pomopue [—=>| PC

Fig.1
432
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MPOTPAMHA CHCTEMA OT KJIAC REMOTE AGENT 3A YIIPABJIEHHE HA JIA

IL JI. Xpucros, I'. C. Aarenos, I. C. I'enos

KocMryecknTe WICHEABAREA NOCTENCHHO CC MPEXBBPIAT OT OKONOIEMHOTO
UPOCTPARCTBO KbM Aancyrus KocMoc B mnanernre — sall-peve Mape (Mucun ma NASA
Deep Space One (DS1), The Space Interferometry Mission (SIM ), Space Technology 3 (ST3),
In-situ Propellent (ISSP) w np.).

Tosa wmcksa ChiNaBaHe HA HOBO NMOKOJNEHAHE KOCMWYECKM 3NaPaTH ChC Hall-BaXHa
OCOBEHOCT - §DIMONCHOCINIMA 30 NPOODANCUMEANA ABMOHOMHA Paboma, OT KORTO CCABAT
APYTETS XAPAKTCPHCTHKR HA TO3H KJIAC anaparw:

- MAHHMAJIEA 3aBHCAMOCT OT HR3CMHATA anapaTypa;

- paboTta ¢ oBobuieny xoMan;

- DNGAAPANE HA MHCHSTA;

- NOBHIICHA HANCK/THOCT HA AMAPATHHTE CPENCTBA H OPOrPAMHOTO OCHTYPABAHE;

* BBIMOKHOCTH 33 NPOMAHA BA XOSPATYPAUHATA HA BOAPATHHTE H TEXHHYECKHTE
CpPeACTBa HA CACTEMAaTa (AMHAMHYHA PCKOHQHIypPanHA) B 3ABHCHMOCT OT MHCHATA,
TEXHHYECKOTO CHCTONHKE W BhbRUMATA cpesa [1).

ChumsT THD CHCTEME MOTaT [a HAMCPAT NPHNOXKEHHE W NPH YNpaBIcHHE Ha
Seananoran JIA, XM KOHTO B DOC/EAHO BPEME CE MOCTABNT BCE NO-BHCOKH HIHCKBAMMA.

B noknana Team cReTeMA ce RapuyaT cHCTEMA OT krac REMOTE AGENT [1] no emeto
HA THPBATA PCANHIMPAHA CHCTEMA OT TOM THN - UPOrPAMEATA CACTEMA 34 yUpanleHue
Ha xocMuYeckus xopab Deep Space 1 (DS1).

Ulen 5a sacTosius noxnaz e npencransHero ma paboTaTa Aa aBTOPHTE 110 CH3ITABAHETO
Ha KOMIIOTHPREA CHCTEMa 3a ynpasnenue (KCY), napeuena ASCOM (Aerospace Control
and Modelling), ¢ nOBEIICHA RA/CKNEOCT W BHIMOKHOCTH 33 ABTOHOMHES pabora,
NOCTHIHATH BCACACTBHC HE OPHETHS NOAXOJ NPH NPOCKTHPARETO, & HMEHARO Chilapane
Ha GOPMANIHE EIUIM H MOJENTR W NPHAOKERHETO Ha GOPMATHH MeTOaH 32 paspaboTsane
8a ITO aa KCY, sxmoysamin mMeroz 3a sepudnranns ma 10, MeTON 30 KOHTPO W METONHR
32 ONpEACNINHE M DeANTHIALAS Ha konduTypausATa (pexoudpurypaunns) ra KCY. Tosu nomxon
€¢ palnEvyasa OT NOAXOAA, W3NOM3IBAH NPW MPOEKTHPaHeTo Ha Remote Agent,
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KOMIIIOTBPHY CHCTEMH 32 yIIpaBJ/jieHHne Ha JIA —
METOIM 38 IOBHIIaBaHe HAa HaJeKIHOCTTa

I, Xpucmos, Ii. Anzenos, IT. I'enos

Hrcmumym 3a Kocuuvecku usciedsanus — bAH

HexocTaTsuraTa Ha 1A IHOCT € OCHOBEE IP0OTeM B CII0KENTE KOMIIOTHPHU CUCTEMH 32
vrapasierne (KCY) Ha 1eTaren=s anapard (J1A). 3a pemasaHeTo Ha TO3H pobiem Bee no-
TOLAM2 PO HIPeAT QOPMATHHATE METOJi!, K3M0I38aHH IIpH Da3paboTEaHeTO Ha IPOrPaMHOTO
ocurypssase. Heluo nosede - CMsT2 Ce, e €aM0 QOpMaIHUTE METONN MOraT 1a OCHIYPAT
JOCTAThYHC BHCOKR HAIERIKOCT Ha IPOrpaME0To ocurypssase (I10), 2 ¢ ToBa M HaneXK AHOCTTA
Ha cHcTeMara KeTo 1a10.[ 1. 2, 3] TIeTBpprKIeH e 32 TOBA € IPII0KEHHUETO Ha (QOpMaIHy METORH
npi pa3padoT3aHeTo Ha CICKHY aePOKOCMMYECKH CHCTEMH 3a yIpaBiieHKe, HalpuMep oT
tuna #a KCVY na Space Shuttle [4, 5] u va Remote Agent. {6]

Lie:1 Ha HaCTOANINNA JOKIa] € IPEICTaBAHETO Ha pad0TaTa Ha aBTOPUTE [I0 Ch3AABAHETO Ha
KCY c osriliera Ea1e/K1HOCT, fIOCTUIHATA BCISACTBE Ha IPHETHA IIOJXOA [PH [POEKTHPaHETO,
a HMEHHO Ch3JaBaHe Ha QOPMATHY €3N i MOIENH K NPUIOKEHHETO Ha HOPMATHHI METOIH 33
paspadorsane Ha [10 ra KCV, sxmoysaniy MeTo 3a Bepuduxanys Ha [10, METoa 3a KOHTDOI 1
METOIH 32 ONpele LiHe K pealH3auyd KoHOUrypauusTa (pekondurypauus) va KCY. [Tokazann
Ca ¥ pa3IMyuiATa MexIy npoextupanara KCVY u cp3zanenns ot NASA Remote Agent.

[pu npoextipaneTo e KCV BB3HUKBAT CIEIHHTE OCHOBHM OPOOIEMH:

1. Iipu cp3aasanero Ha [10 ra KCV ce H31013BaT OCHOBHO eMITMPHYHM METOIM, KOUTO
He 103B0;11BAT JOKa3BaHe Ha CpOoTBeTCTBUETO Ha I10 Ha cetnuKaumsiTa (MOiena) Ha CUcTeMara.
Cauira ce, ye ro-1iy Opoit aBapui ¢ aepOKOCMHMYECKH JIETaTe/IHH arapaTy ce AbIKaT MMEHHO
Ha rpewxy B [10 (7.e. Hucka Hagexaxoct Ha [10). [4, 5]

2. He Mosxe Ja ce Ch31ae JOCTaThYHO TOYeH MaTeMaTnyes mozaen Ha KCY, koeto n3ncksa
U3I0NI3BAHE Ha PealHa anlapaTypa 3 MOIEIHTE X MOICIHPaHe B PEATHO BpeMe

3a pelaBaHeTo Ha Te31 NPOOIeMu M OCUIVPSBAHETO Ha HanekaHocTTa Ha KCY Mmorar na
OBIaT H3M0I3BaHH: : :

1. DopyanHu MeToau npu paspadorka Ha [10.

2. TloayratypHo Mmoaeaupare (TTHM) u cuMynupare npn npoexTupanero Ha KCV.

IIpH10:xeHNneTo Ha (POPMATHY METOIH BKIH0YUBA:

1. E3ux 32 onxcanue Ha QyHKuuuTe (CTpyKTypara) Ha I10 ra cictemara (Ch3JaBaHe Ha
dopmanHa cewduKaLg).

2. Meroau 3a Bepr(HKalUi — J0Ka3BaHe Ha CHOTBETCTBHETO Ha I1O Ha 3amameHara
crieunHKaLMs.

3. MeToax 32 KOHTPOJ — KOKTPOJ Ha paboTara Ha I1O (cucTemara) B peaHo BpeMe.
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(DyHKIHMOHAJIHA TUArHOCTHKA Ha CHCTEMH
3a yIpaBJICHUE HA JIETATEIHU arapaTH
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Ilersp I'ertoB, Iltamer Xprcros,
ITnamer AHreaoB

Huctnryr 3a kocmuveckn HacaeaBarnd, BAH

Ta3u cratus e npoabkenue Ha “Iloaxon 3a npoekTHpaHe
M M3CJIEABAHE HA KOMMIOTBPHMY CHCTEMH 3a YNPABJIEHUE HA JIETATE/IHHU anapaTH
Ha 6a3zaTa Ha Mozenu Ha Xoap”, ny6nukyBaHna B kH. 12/1996 r. na nopeauuara
“AepoxocMuyecku uscneaBanvs 8 bearapua”. B Hes ce npemiara mMeron 3a
KOHTPOJI U AUArHOCTHKA HA CHCTEMH 3a YNpaBJCHUE HA NIETATETHU anaparti,
6a3upaul ce HA UMUTALMOHHO MOJAETMPAHE HA CTPAHUYHOTO ABHXKEHHE U
QJITOPUTMHU 34 MAEHTU(DUMKAUUS HA KOEPUUMEHTUTE Ha pa3jiokKEHHUE Ha
NPEXOAHUTE ()YHKLMH B PE HA OPTOrOHAIHM PyHKUMK HA Yol
BHenpsaBaHeTo Ha 6opaoBUTE UMPPOBH M3YUCIMTENIHU MALIMHNA NO3BOMM
3MOI3BAHETO HA NPOTPAMHM METOMM 33 KOHTPOJ M INATHOCTHKA HA CHCTEMUTE
3a ynpaBJieHNe Ha JeTaTeaHn anapatn. OTCbCTBHETO H3 AOMbIHMTEIHA
anapaTtypa 3a KOHTPOJ M I'bBKABOCTTA MPKU MPEHACTPONKA HA ATOPHTMHUTE U
PEXUMUTE 32 KOHTPOJN U IUATHOCTHUKA, KAKTO U Bb3MOXKHOCTTA 3a OTKPUBAHE
Ha OTKA3M W JIOKATN3aLMATa HA HEN3NPABHOCTMTE MO MPOrPamMeH IbT, 00ycnaBsT
BCE MO-LIKPOKOTO PA3pPOCTPAHEHUE HA TE3W METOIM 3a oﬁel’x'ru OT YKa3zaHus
THI. |

I' Uscnenpannsita ce dunancupar ot HaunonancH dgoun “Hayunu u3c.ncnaam|rm” nps MOHT noro-
sop Ne HU-305/93
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|

{Summary)

The paper presents a method for aircraft automatic con-
trol systems’ (ACS) functional diagnostics, based on the coefficients identifica-
tion of the step responses expanding in the order of the Walsh functions. The
developed scheme combines the possibilities for control of aircraft ACS techni-
cal state for both the signal space and the parameters space. The reference model
device is developed according to the stabilizing loops complete linear model of
the side motion. Besides sudden failures the proposed scheme can detect the
appearance of slowly changing progressive abnormalities during operation of
the object and the control system, where the deviations of the output signals do
not pass beyond the limits of the admissible interval. The Walsh functions and
the distribution coefficients are given and determine according to the program
from the Walsh function generator and the identifyinE unit. The obtained
coeficients for the model step functions can be used for diagnostics of the work-
ing capacity of the model itself by comparing them with the predetermined val-
ues. |

The obtained qualitative and quantitative results.sh’ow that the proposed
approach and algorithm are applicable in systems for control and diagnostics of
aircraft ACS. They are oriented towards digital realization and can be used mainly
in computer-aided diagnostics.,
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ITonxon 3a mpoeKTUPAHE U U3CJIEIBAHE
HAa KOMIIOTBPHH CHCTEMH

3a ynpaBJIEHHE HA JIETATEJIHU anapaTH
Ha 6azaTa Ha Moxem Ha Xoap'

Ilemwsp I'eyos, Ilaamen Xpucmoas,
ITnamen Ancenos

Hucmumym 3a kocmuuecku uscaedeanun, BAH

BvBenenue

3 Ta3u craTus € BbBEXAania KbM €HAa NOPEAUNa, NPEeACTaB-
ma pa3paboTku Ha cexknus ,,AepOKOCMHYECKH NpubopM H TejeynpaBjieHHE Ha
HUKH, BAH B obnacTTa Ha M3CI€ABaHETO ¥ NPOEKTHPAHETO HA KOMIIOTHPHH CHC-
TemHu 3a ynpasnenne (KCVY) na nerarenau anapaty (JIA) 1 no-cnenuajgHo — Ha 6e3-
nuinoTHH JIA (cnbTHHOM, JIeTAIA NI1aTGOPMH, JUCTAHIMOHHO yNPaBJISEMH CaMO-
netyu u ap.). [lopeaunara BxjIrOYBa CTaTHH 1O NoJiyHaTypHO Moaenupase Ha KCVY,
NpUIoXKeHne Ha ()OpMaJIHM METOM H MOJIEJIN Ha NporpaMHOTO ocurypsisane (I10),
METO/IM 32 OonepaTuBHA pekoHpuUrypanus, cnenupunupaHe U JOKa3aTeJICTBO Ha KO-
PEKTHOCTTA Ha NIPOrPaMHH CHCTEMH, METOH 32 KOHTPOJI Ype3 NPOTOKOJIH Ha Xoap,
aJITOPHTMH 32 MOJEJIMPAaHE B PEAJIHO BpeMe, aJIeKBaTHOCT M BaJILAANMUs Ha NOJIyHa-
TYPHH MOJIEJIH U 1P.

Pasryienanm ca oCHOBHMTE Npo6JieMH, Bb3HHKBALIM NPA NIPOEKTHPAHE B U3CJIEeA-
BaHE Ha CUCTEMH OT TO3H KJIac, M Hai-001110 € onucaH NOAXOA 3a TAXHOTO pEllaBaHe.

Oco0eHOCTH HA CUCTEMUTE
OT pasrJieXxXaaHus Kjac
KOMHIOT'LPHHTC CHUCTEMH 3a ynpannemle HaAa ABHXCIIIH CC

obexTH ca CJIOXHH, 0OHKHOBEHO MHOTOMAIlIMHHH CHCTCEMH, CbCTAB€CHH OT B3aHMO-
aeucTBaily NporpaMHH H anapaTHH KOMIIOHEHTH, paﬁoTemn B p€aJIHO BpEME.

! U3cnensanusTa ce puHancupat ot Hauuonaneu goun ,,Hayynu nacnensanus® — gor. Ne ©—305/93.
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Jm. BaxkxHO NpeaMMCTBO Ha METOJA € BB3MOXXHOCTTA 3a cnenuduuupase Ha Npor-
paMHOTO ocurypsiBase Ha MHoromammnHEE KCV u CITHM.

MeTonuTe 3a KOHTPOJI ¥ BepudHKanus NO3BOJIABAT Ch3OaBaHE HA CHCTEMH C
BHCOKa HAaJEXIHOCT Ype3 NPEeABapHTEJIHO JOKa3BaHe Ha KOpekTHocTtTa Ha I1O um
HabnroneHnne Ha cHCcTeMaTa B peayiHo BpeMme. IIpenrasHavyeHnn ca 3a pa6ora c 6io-
KOBO-MOJYJIHA CHCTEMH C NPEABAapMUTENHO 3aaneH Habop OT CTPYKTypH. MeToabT
3a KOHTPOJI Ype3 NPOTOKOJIX Ha Xoap € NPHHIMIIHA HOBOCT B KOMINIOTHPDHHTE CHC-

TEMH 3a yIpaBJICHHE.
I'nmaBHOTO NOCTOMHCTBO Ha mIpelJjlaraHus INOAXOMH € HeroBaTa UsJIOCTHOCT M

BB3MOXHOCTTA 32 INIOCTHUIaHE Ha ONpE€AciyicHa CTECINEH Ha YBEPCHOCT B pa60'rocno—
cobHOCTTa Ha cUCcTEMATA nOpe€ay NoJICTHUTEC U3NITUTAHHUA.
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An approach for the flying
vehicle computer control systems design
and study, based on the Hoare’s models

Peter Getzov, Plamen Christov, Plamen Angelov

(Summary)

The paper is an introduction to a series of papers. It concerns
the particularities and problems of the unpiloted flying vehicles computer control
systems design and study. A general view of the developed approach is considered,
which includes: an object — oriented structural design; a half-physical modelling on
all stages of the study; software models (Hoare’s mode;ls) and fqrmal methods; the
program systems verification method; the system working capacity control method,
based on the Hoare’s trace model; the system configuration define met.hod, and es-
pecially the real-time identification method, based on th.e Walsh’s f_unctlons; the sys-
tem configuration implementation method; the real-time modeling methods; the
half-physical experiments validation methods. Y

The main advantage of the approach is its completeness and the possibility to
study the system working capacity before flying experiments.

The methods and models are described briefly in this paper. The further
detailed description will be an object of other papers.






