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Anomauia. 3 memoro gupiuienns 6ce Oinvbul CKIAOHUX NPOOIeM HA 3eMli, @ MAKoIC Y NOWYKAX HOBUX pe-
cypcis nosa ii medcamu, 1HOOCMBO AKMUBHO 0C8010€ KocMiunull npocmip. Lletl enobanvuuil npoyec, y saKo-
My Mae micye AK CRienpays KpaiH, max i KOHKYpeHyis M HUMU, € HA036UYALIHO NEPCNEKMUBHUM, djle GiH
maxoic nepeddauae SUCOKi puzuKu ma MoxNciuei 3001 y (pyHKyionysanmi Hosux Kocmivnux cucmem. 11io
yqc ixHbol po3pPOOKU Ma 66€0CHHs 8 eKCHIYAmAayilo HeoOXiOHO 8pax08yeamu UMOGIPHICMb GUX00Y 3 1a0y
5K OKpemux KOMNOHEeHmi6, max i cucmemu 6 yiniomy. B ocnoei makux KOCMIYHUX cucmem NOSUHHI 3HAXO-
oumucsi maxi opeaHizayitini mooeni i mexHonozii, Axki 003601uUU O 3pOOUMU NpoYecU iX CMEOPEeHHs,
CMPYKMYPYBAHHSL, PO3GUMKY MA YAPAGLIHHA OOCUMb SHYUKUMU, OUHAMIMHUMY MA 3MIHHUMU Y 0)0b-KUll
momenm. Hoea 3anianosana kuuea, cboma 3 cepii npo posnodiniene ynpasuinHs ma KOHMpPOmO8aAHHs GU-
COK020 pi6Hs, onucysamume KOCMIUHO-OPIEHMOBAHI piuieHHs 3a donomozorw Texnonoeii npocmoposozo
saxonnennsn (TI13), 6 ocnosi AKOI 3HAXOOUMBCA KOHMPOIbOBAHE GIPYCONOOIOHe NOKPUMMS 3eMHUX |
KOCMIYHUX CUCMeM, SIKI 3MOXNCYMb CAMOCMINIHO 8IOHOBIOBAMUCS Y UNAOKAX NOWKOOIICEHb A 6Mpamu
Komnonenmis. OcHo6Ha y8aza y KHU3L npudinsicmvcs onucy ocmauHvoi eepcii TII3, oenady Hosimmix
KOCMIYHUX onepayill, Hacamnepeo mux, ujo npogoosmsvCs HABKON0 3eMai 3 GUKOPUCMAHHAM CYRYIMHUKIG
Ha pI3HUX OpOIMAax, a Maxodc Mux, Wo CMOCYIOMbCs NpodaeM 38'3Ky ma mapwpymuszayii 6 ingpa-
cmpyKmypax i3 6azamvox Cynymuuxie. Y pobomi po3enadamumymscs KOCMIuHi NPOEKMuU K MUHYIO020,
max i cb0200eHHs, N0G A3aHI 3 NUMAHHAMU 2100AIbHOI be3neku ma 0OOPoOHU, ChOCObamu GUPTUUEHHS IX
xknouosux npoonem y TII3 i3 napanenvHum GIOCMENCEHHAM CKIAOHUX PYXOMUX WBUOKICHUX 00 €Kmis i
NOCMIUHUM COCMEPENCEHHAM i3 KOCMOCY 3a 8equKumMu pecionamu ma ingpacmpyxmypamu va 3emni. Ta-
KOJIC ONUCYBAMUMEMBCA, K 3a O0NOMO2010 HA3EMHUX Mepedic 0a3 OaHUuX peccmpysamu ma 6i0cmedicyea-
MU YUCTEeHHI KOCMIUHI 00 €kmu, y momy 4ucii i Kocmiyne cmimms. Byde nokasamo, sk 6nposaoiceHHs.
cneyianbHux GipMyanbHUX pIi6HIE 01 KOCMIYHUX [ HA3EMHUX CUCMEM MOodice B00CKOHAIUMU Npoyecu
npulHaAmms piuens y cghepax enobanbHo20 KOHMpOio i YNPAeIiHHA CKIAOHUMU ONEPayiamuy ma Miciamu 8
pamxax TII3. 3okpema, y knu3zi 6yoe npoOeMOHCMPOSAHO WLIAXU 3a6e3neueHHs: BUCOKOI YinicHocmi, eno-
banvHol 0bizHanocmi i HABIMb C8I0OMOCMI PO3NOOLIEHUX KOCMIUHUX cucmem y mexcax TII3. Inwi moowc-
JAUBOCMI BUKOPUCIAHHA ONUCAHOI MEXHON02Ii CMoCyromubCs chep KOCMIUHOI eKOHOMIKU, NPOSHO3YEAHHS
n0200U Ma MidDCHAPOOHOT be3nexu. Y pobomi maxoc onucy8amumymvCsa MONCIUBOCIT 8i0MBOPEHHS YicT
MexHoN02Ii Hasimb Y CIMAHOAPMHUX YHIBEPCUMEMCbKUX YMOBAX.

Kniouosi cnoea: xocmiuni cucmemu, 3emui opoimu, Cynymuukoei yepynyeanHs, Ho8a KOCMIYHA apXimex-
mypa, Texnonozia npocmopoeoco 3axonienis, MoOiIbHI peKypcusHi cyenapii, kocmiuna desnexa ma 00o-
poHa.

Abstract. Mankind is actively moving into space for solving increasingly complex problems on the Earth
and finding new resources beyond it. This global cooperative and competitive process is extremely prom-
ising but also carrying fundamental risks and potential failures of the new space systems. In their design
and implementation, the probability of failure of components, even the whole, should be taken into ac-
count as basic features. Such space systems need to be based on quite different organizational models and
technologies allowing their creation, structuring, evolution and management to be flexible, dynamic and
changeable at any moment. The planned new book, the seventh in a series on high-level distributed man-
agement and control, will describe space-oriented solutions with the help of Spatial Grasp model and
Technology (SGT) based on virus-like covering and matching of terrestrial and celestial systems which
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will be able to self-recover from damages and loss of its components. The book will describe the latest
SGT version, review the newest activities in space, especially those around the Earth which use different
orbit satellites, and problems of communications and routing in multiple satellite infrastructures. It will
review the space projects run in the past and some current ones related to global security and defense,
and how to solve their key problems in SGT, including tracing of complexly moving high-speed objects
and continuous observation of large regions and infrastructures on the Earth from space, as well as regis-
tering and tracing numerous space objects, including debris, by terrestrial database networks. It will be
shown how the introduction of virtual layers for both celestial and terrestrial systems can improve solu-
tions of global command and control of complex operations and missions under SGT. The book will also
demonstrate how to provide high integrity, global awareness and even consciousness of distributed celes-
tial systems under SGT. Other considered technology applications relate to space economy, weather pre-
diction and international security. The book will also describe the possibilities of technology implementa-
tion which may be carried out even under standard university conditions.

Keywords: space systems, Earth orbits, satellite constellations, new space architecture, Spatial Grasp
Technology, mobile recursive scenarios, space security and defense.

1. Introduction: Space conquest and international competition in space

Mankind is actively moving into space for solving increasingly complex problems on the Earth
and finding the needed resources beyond it. This global cooperative and competitive process re-
quires integrated distributed terrestrial and celestial systems with high dynamics and huge num-
ber of communicating components, for which advanced organizational models and technologies
are needed — that is the main topic of the given book.

2. Spatial Grasp Model of direct perception of physical and virtual spaces

A high-level holistic model is described allowing us to directly exist and operate in united physi-
cal and virtual spaces. Influenced by the author’s practicing in art and gestalt theory research, it is
not based on traditional treating systems as communicating parts/agents, but rather uses self-
covering of distributed spaces by recursive wavelike mobile scenarios in a spatial pattern-
matching mode, with compact system solutions obtained at the semantic level.

3. Spatial Grasp Language, Technology, and their implementation

The basics of Spatial Grasp Technology (SGT) and its key Spatial Grasp Language (SGL) are
described with the details of their implementation. From a million to several billions of com-
municating copies of SGL interpreter can be installed throughout terrestrial and celestial envi-
ronments and integrated with existing systems and networks, while converting the whole universe
into a powerful spatial engine capable of solving any problems by parallel SGL scenarios.

4. Classification of different orbit satellites and organizational problems of their usage

Geostationary orbit (GEO), Medium Earth orbit (MEO) and Low Earth orbit (LEO) are the most
considered ones for different purposes. GEO satellites provide constant observation of the same
vast Earth areas but they need powerful equipment, and LEO satellites, despite having the highest
resolution, can observe the same points only for several minutes. As a result, it has to cooperate
with other satellites and nontrivial organizational solutions this book is oriented for.

5. Dynamic routing in multi-satellite constellations under SGT

Many works on routing in multiple satellite networks are hierarchical, using two or even three
mentioned above orbits. But advanced projects for global security and defense are mostly orient-
ed on large constellations of LEO satellites which may have rapidly changing topologies with so
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far unresolved problems of effective communications and routing in them. The chapter shows
how to organize such communications in SGL, including the use of dynamic routing tables.

6. Global space security projects: SDI in the past and SDA new architecture

The chapter briefs Strategic Defense Initiative (SDI) launched in 1984 and famous for its small
operational satellites called Brilliant Pebbles, and multifunctional seven-layered Next-Generation
Space Architecture which has been announced recently by Space Development Agency (SDA)
and which is mostly oriented on cooperating constellations of LEO satellites. Some solutions in-
spired by SDA are considered in the subsequent chapters, especially those related to its tracking
and custody layers.

7. Tracing complexly moving terrestrial and celestial objects under SGT

Tracing, analyzing and elimination of complexly moving objects in distributed spaces, with sen-
sors that have limited visibility, is a complex defense problem that may become even more com-
plicated if many such objects move simultaneously. This can be effectively managed by mobile
SGT intelligence that uses sensor networks to virtually follow physical objects during their move,
as shown in SGL for cruise missiles and hypersonic gliders with the use of a cooperating radar or
satellite networks.

8. Continuous observation of terrestrial objects by LEO satellites under SGT

Observation of earth locations/objects seems attractive with the use of LEO satellites which have
high image resolution, but there may be some difficulties if the observation has to be continuous,
because satellites stay above only for a short period of time. But this can be perfectly managed by
the mobile intelligence using the solution in the previous chapter in an upside-down manner, with
earth stationary objects now considered as themselves moving through the satellite network, as
well as a mobile one, as shown in SGL.

9. Introducing a virtual layer for observation of large infrastructures under SGT

Introduction of a special virtual layer in a satellite network with semantically linked nodes corre-
sponding to certain objects on the Earth and their regular relocation between moving satellites for
continuous observation, arbitrary large territories and infrastructures can be constantly observed
and managed as a whole. It is shown how this can be expressed in SGL at the application level or
by proper adjustment of the language networked interpretation mechanisms.

10. Registration and observation of space objects by terrestrial systems under SGT

Such multiple objects like satellites and large debris found around the Earth can be potentially
observed from the Earth through the use of different equipment. They can be traced, analyzed and
properly registered in terrestrial database networks by SGT mobile intelligence in a manner simi-
lar to Chapters 7 and 8, and in a more advanced form to Chapter 8 by creating for each of them a
virtual node copy constantly following movement of the related space object via the world data-
base network.

11. Examples of other SGT space applications

Using the results of SGT applicability for space-related problems in previous chapters, as well as
the solutions revealed in previous books, the chapter outlines other possible technology applica-
tions which include space economy, space collective robotics, space-based weather prediction,
global command and control of different terrestrial and celestial missions and campaigns. Many
of them can benefit from using virtual layers like those analyzed in Chapters 9 and 10.
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12. Providing integrity, awareness and consciousness for space systems under SGT

SGT can provide high intelligence and integrity for advanced terrestrial and celestial systems
with gestalt-based holistic solutions investigated in previous books, as well as supply multi-
satellite collectives with global awareness and even a sort of spatial consciousness. There will be
shown an example on how distributed awareness and consciousness of a satellite constellation
with damaged components restores its functionality through the use of a migrating self-
recovering SGL code.

13. Conclusions

Rapid advancement of humans into space is an extremely promising process which at the same
time carries some risks and potential failures of the new space systems. Using the proposed self-
evolving spatial grasp model and technology, which itself has symbolic super-virus power for
both creating useful and destroying malicious systems, can believably be the right way in this
global space-conquering process. Opportunities of SGT implementation, which is possible even
under standard university conditions and which was done for its previous versions in different
countries under the author’s supervision, are also discussed.
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