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On the Minimax Estimation of the Phase States of a
Discrete-Time Controlled Dynamical System

Andrey F. Shorikov
IMM UB RAS, IE UB RAS, Yekaterinburg, Russia, afshorikov@mail.ru

Abstract: On a given integer time interval a linear discrete-time controlled
dynamical system is considered in which the values of the control action in
each time period are bounded by the corresponding nonempty convex compact
polyhedron, and the realizations of the phase vector are bounded by the
corresponding finite joint system of linear algebraic equations and inequalities.
The problem of minimax estimation of the final phase states of the considered
dynamical system is formulated and the proposed algorithm for its solution
is described. The results of numerical calculations on model examples are
presented.
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O 3azade rpynnoBoro rnpecjaeaoBaHUS
B HeJIMHEeHHBIX auddepeHInaIbHBIX ATpax
C AVCKPETHBbIM yIpaBJE€HUEM

K.A. ITIlesrukoB

yal'V, Uxesck, Poccus, incognitobox@mail.ru

Annoranus: PaccmaTrpuBaeTcs HeJMHelHas 3ajada [PECIeJOBAHUS C y4a-
CTHEM TpyNnsl npecjenoBaresed u ogHoro yberatomero. MuoxecTBo 3Hade-
HUM yIpaBJIeHNs KaXKOr0 [PecnefoBaTeNs ABIAETCH KOHe4YHbBIM. MHOXKeCTBO
3Ha4YeHu ynpaBiieHust yberaromero — KOMIAKT. Ha4aJbHBIM IOJIOXKEHHEM
yb6eraiomero sBaseTcst HOJb. llensio nmpecnenoBaTeneil ABjsgeTca cOan>KeHNe
x0T OBl OJHOTO M3 mpecienoBarened ¢ yberaromuM Ha CKOJAb YTOJHO Ma-
JIoe Hamepen 3aJaHHOe PAaCCTOSAHHE 33 KOHeyHoe BpeMs. [Ipecnenosarenu uc-
[IOJTb3yeT KyCOYHO-IIOCTOSIHHBIE CTPATErHu. Yberamomuil MCIoNb3yeT KyCOIHO-
OPOrpaMMHYIO CTpaTeruio. Ilpecienosarenn MOTyT NOIB30BATHCA TOALKO HH-
dopmanueilt 0 3Ha4eHnH (Pa3OBBLIX KOOPAMHAT MI'PDOKOB B TO4YKax pa3bueHns
BPEMEHHOTO MHTepBaJa. Yberawomuit fonoaHuTenbHo obnanaer nudopManu-
eit 0 cTpaTerusx npecnenosareneil. IIpennonaraeTrcs, 410 BEKTOPEI CKOPOCTEH
KaXkJIOT0 INpeciefoBaTeNs B HyJie 00pasyloT OJHOCTOPOHHIOK COBOKYITHOCTD.
Jna paHHON 3a7a4¥u NOMYyYeHbl JOCTATOYHBIE YCJIOBHS CyL|ECTBOBAHHWs Ha-
YJaJIbHBIX ITOJIOXKEeHU# npecsefoBaTenell, H3 KOTOPBIX IPOUCXOIUT MOUMKA.

Knrouesrle cioBa: puddeperimanbias urpa, npecieJoBasue, HeTuHeHHAA
CUCTEMA, OSHOCTOPOHHSSI COBOKYITHOCTb.
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1. OcHoBHOM pe3yJbTar

B npocrpanctee RF(k > 2) paccmarpusaercs nuddepeHupanpias urpa
n + 1 muu: n npecaenosareneit Py, ..., P, u yberaomuit E.
3aKOHbB! IBHUKEHUS HIPOKOB HMEIOT BUI,
Cl")j = fj(.’L‘j,Uj), u; € Uj, .’13](0) = IL‘O

]’
y =g(y,v), vE ‘/’ y(O) =0,

tae Zi,...,%n,y € R¥ — dbazoeele BeKTOPHI, Uy, ..., U,V — yIpAaB-
Afomue Bo3selcTeus. MHOXeCTBa U; = {u},...,u;"’}, uf € RY,
i=1,...,m;. Muoxectso V' C R® — xommakr. ®ynknus f; : R* x U; -
RF — ast kaxkmoro u € U; munmmunesa mo z;, j = 1,...,n. OyHKuus

g:R¥ x V 5 R* — nummmnesa no cOBOKYIIHOCTH IEpEMEHHBIX.
Ilon pasbuennem o mpomexxytka [0,7] 6yieM noHMMATh KOHEYHOE
pasbuenue {7,}7_ o, tne 0 =79 <7 <Tp <--- <7 =T,

Onpenenenune 1. Kycouno-nocmoannoti cmpamezuett W, npecae-
dosamean P; naswsieaemca napa (o, Wg]_), ede 0; — pa3buerue npome-
aorcymxa [0, T, a ng — cemetlicneo omobpaotcenuti dr, r=0,1,...,1;—1,
CMABAUUT 8 coomeemcmeue eeauwunam (7., 2;(7r), y(7+)) nocmoanmoe
ynpeeaenue U, (t) =T, € Uy, t € [, Tr41)-

Crparerust yGeramiiero — KyCOYHO-IPOrPAMMHAS HA UHTEPBa-
se {0,00). Pasfuenne AaHHOTO HMHTEpBaja — CTPOTO BO3PACTAIONIAS
HEOTPAHWYEHHAs NOCJIEJOBATENLHOCT, MOMeHTOB. Ha kaxgom uH-
TepBajle pa3bueHHsi ympaBieHHE yBeramomero sBJSeTCS H3IMEPHMOMN
dyuknueii. Y6erawouweMy K3BEeCTHbI CTpPATErdy [pecieioBaTesed u
da3oBBIE KOOPAMHATHI BCEX UTPOKOB B MOMEHTHI pa3buenus. O603HaunM
nannyio urpy I'(Xo), rme Xo = {z9,...,22}.

Onpepenenne 2. B uzpe ['(Xy) npoucrodum e-noumxa, ecau cy-
wecmayem T > 0 maxoe, wmo das w0bozo £ > 0 cyuwecmsyom KYycouHo-
nocmoauusie cmpamezuu Wy, ..., W, npecaedosamenets P, ..., P, ma-
Kue, wmo das 10600 donycmumoli cmpamezuu y0e2aouez0 GLNOAHEHO
nepasencmso ||x;(1) — y(7)|| < € daa nexomopuwzx j,7 € [0,T].

Onpenenenne 3 [2]. Cosoxynnocms eexmopos ay,...,a, € RE
HA3bL6AEMCA 00HOCTROPOHHET COBOKYTIHOCTNIDIO €CAU CYULECTEYETN GEK-
mop p € R¥, ||p|| # 0 maxodi, wmo (a;,p) >0 das ecexi=1,...,n.
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O6osnaxnm: D (z) — 3aMKHY TSI map paanyca & ¢ LEHTPOM B TOy-
xe 2; K(p,8) = {z| (z,p) > ||z}, rze [lp] =1, 0 < B < 1.

IIpeanonaraeTcs 4To AJ1st Kaxka0ro j Bekropst f;(0, u}), .., (0, u;n.,-)
00pa3yoT OZHOCTOPOHHIOI COBOKYMHOCTB. B JaHHOH 3a1ade monywve-
Hbl JOCTATOYHBbIE YCJIOBHS CyUIECTBOBAHHS HAYAJIBHBIX 1I0JI0XKeHM
npecieoBaTeNed, Ipu KOTOPBIX HPOUCXOLHUT &£-TIOMMKA. YCJIOBHS Ha-
KJIa/(bIBAIOTCA Ha XapaKkTepucTuky muoxkects {f;(0,u),..., f(0, ui ™},
j=1,...,n n ux cooruomenvie co muHoxkectBoM g¢{0,V). MuoxecTro
HaYaJIbHbIX MOJIOXKEHHH IS KaXKIOro Urpoka Pj; OKa3bIBaeTCs nepece-
YeHHEeM HEKOTOpOro BhIyKyoro Kouyca K(—pj, 8;) u mapa D, (0).

Pabora BbInoNHeHA NPH NOAAepXKe MHHHCTEPCTBA HayKH M BBICHIETO 06pa3o-
sanusg PO B paMxax rocyAapCcTBeHHOro 3aganus Nt 075-01265-22-00, npoekt FEWS.-
2020-0010 «Pa3BuTHe TeOpUH U METOAOB YIPABJIEHNS U CTaOMIN3AINN AMHAMHUYCCKUX
cucrem» u rpanta POO®U (npoexr 20-01-00293).
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On the Problem of Group Pursuit
in Nonlinear Differential Games with Discrete Control

Kirill A. Shchelchkov

UdSU, Izhevsk, Russia, incognitobox@mail.ru

Abstract: We consider a nonlinear pursuit problem involving a group of
pursuers and an evader. The set of control values of each pursuer is finite.
The set of control values of the evader is compact. The initial position of the
pursuer is zero. The goal of pursuers is to bring at least one pursuer closer
to the evader by any small predetermined distance for a finite time. The
pursuers use piecewise-constant strategies. The evader uses a piecewise open-
loop strategy. The pursuers can only use information about the value of the
state coordinates of the players at the points of the time interval-partition.
The evader additionally has information about the pursuers’ strategies. It is
assumed that the velocity vectors of each pursuer at zero form a one-sided
set, Sufficient conditions for the existence of initial positions of pursuers, from
which the capture takes place, are obtained for this problem.
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