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2 SHASHMAI

I3 A0 UG THEVE IR TE 5 70 W2 AR SR P 268 S b N 1R 7 22, 15 CE I U3 T A% B 1Y) J) 0 O
15 J5 VA R A% S (B 1) S A R A 48k, e W v ol 9™ o P i 1) 0 A XA T BRIt A B [ PR P 1 4
AR AT AR . SAE SR 3ETE B R A O 8 TR SRS B TR A B, 20 A A TSR
ANE BRI R R LM i, I HAR K BRAIG 1 AR I8 (I A5 AT E S AR, B 1 A% [ I 245 ) B kA7
ELNNEIR

T/ A AFAE S A A 8 M, BT B M 4 RS 2 1 (1) 2 A S B T B0 A S ) 4%
FH B )75 B2 AR SC 4l A TR RIS 10 B AR, SR H T — R E B W BEALE T - & [ 8 oA U T 9%, It
TIE BH By 50 B WAL JBOE (5 e 75 L BEMLSIE G 25 A0 Markov 155 B RS LA TR Z LA a8t

2.1 fERFBEHER
2.1.1 {EREERY

FREH N MRS AR A W 28 o A s R T n JERFISHUA &R 0% (RS TR
SHBBE SR, AR i (0 =1,..., N) BRSL LA 2 (0 Jo & e A WL B AR AE (A 0% BB e,
I ny < n. PRI ZAR IS 1] A MRS & B B ah &I, A RERFAR S B A 15 B RHER it

BRI « W SHIAE 0* FWINE %S E BRI EEHLZ LR, FF RN =55, BRI
&0 AE ¢ N ZIOINE AT R o e tn TR

Zi(t) = Ci(1)0* +vi(t), t=0,1,..., (2.1)

b 2i(t), vi(t) € R™ 2 RIS @ £E ¢ WZIRIIEI ) EABEHLIIE 7S, C;(t) € R NI A2kl
HUL I HERE.

2.1.2 B{EER

FAL IR R IEAE R ZHAIBCE RIE G = {V, &, Ag} KL A& B W 26 b 25408 fa A% s 14
T RHATE B A, EE(EIE (5,1) € & MR IE, LR § KX RMS R EE « B ZI14h
THIRES 2, (t) MARERES @RIk, FESCRRR A A, B T30 45 5 00 1 25 R A0 B 2 DA e AL 7 AN Bt LA
5 EAE R R, — i EEE 2L e MR R AEES EA IATHPIRES =N {0,1}
) Markov  m?’ #IR(EIE (4,1) AOF S AN EE G RE I 18] (O34, FE35— & IR 5 R A 4l A5 15
KRR Markov 5 E m,.

TEIBAEEIE (4,4) B, 1L « BB o, (t) BIflTHE S A N

(2.2)

Lji(t)x;(t) +wyi(t), WA (4,1) € E,,
yji(t) =
0, R (j,i) € €\,

Hort Lji(t) € R RoR (4,4) MBENUEEIY 28, 28 E TEAREEEER ) w;,(t) NBEHLRT
INIEAEE B X EAE PR | (SRR SIS R ]
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2.2 EX&it
BT DL B AL BB AT IS ¢ et T N oA S B E R

zi(t+1) = z;(t) + bi(t){ > ai(t)(L5 gy (t) — i) + CF (zi(t) — C_’ixi(t))}, i=1,...,N, (2.3)
JENt
Hot (1) € Re FoRpRIEEs i 18 ¢ IS 0° IRTRIRAS; NG, FoRHREEES i 18 ¢ I 200040 1k
SR yu(t) BT (2.2) X, AR & BCRIIAL RS RASHIMETE; bi(e) IR G = BCi(1)
5 ¢ s ag () 1 ¢ BB HRANE G, IIITBAREERIRE Ag, Y, B ay(t) = ™.
SIHEATHCSUE AT, BA IS A A SO T B0 (2.3) 5 9l RS

X(t+1) = X(t) = (B(t) ® L,)(LS"™ @ L)X (t) + (B(t) ® I,)[CTC(1y © 0% — X(t))
FALTIX (1) + wi™ + CTC() (1 @ 6%) + CTo(t)], t>0, (2.4)

Gy XTRifF) Laplace [,
T
U1

Hh X(t) = [2T®),...,25®)]T, B(t) = diag{bi(t),...,bx (1)}, ggm =)
N = [T (1), vk (@)]T, ALG™

diag{C1,...,Cn}, C(t) = diag{Cy(t) — C1,...,Cn(t) — Cn}, v(t)

= [0l () h<ijens wi™ = W), ..., wk®)]T,

[v

S
813 (1) = ai; (1) (L3 Lji(t) — 1) =Zl[mt:k]a§? L3 Lji(t) - 1),
w;(t) = Z a;;(t wﬂ Zl[mt —k] Z a; L wﬂ

JEN JEN
S5 (2.3) BIBOTH BB AR IS ¢ B R B SR R A% S B AT DB, R BEHLIE S
K B X AR NS B AT AL v AR5 R A BELIE L A& R 67 X R TG IR A #EAT P
. BEALIE I R AL Dy 1 A e R R AE R 2 o, A A RS Al TR T — B0m 51N,
T SR R AN TE AN SEBITINS A SRR D 2% e i R AL AT UGG T, AT AT B s SR Slod
FZ, e Bl KR L.

2.3 UYL

AT RATIAAE R TS I BEATLE 7S L B3 25 BRI EUH Markov FEALIEAS $H 40 5FA4F T, R0 XAl 1k
% (2.4) BIBTTWCSEA LAk ab e St 5 X o- 3L 2, = o {X(0),wy, Li, v(k),C(k),m;,0 < k
<0 <1<t + 1}, HAE RIS

(A1) K GO 1 <i < s HTPHE, HFHARBERINESE ¢ = {69, 1 <i < s} FHE G &
H— IR A

(A2) B FEA {w,, Fy,t > 0} I {u(t), Zo,t > 0} ZEEFY, I HEAAR

éupE[nwtn] 00, ésupE[nv()ll?Roo

2
(A3) BEHLILINAERE C(¢) 55 Zooy BOL, BHEHME EC(1)] = C; (5 ¢ %), UAHR K4
0% 2 sup,=o E[|C(1)]?] < oo HiFE Q, = SN, CIC, k.
(A4) BENLIG 3 FERE L, 5§ 2, ML, IFH Lﬂ( ) KT 4, g, k PIPRARSL, BAAWRIME E[Lji(t)
= Lj;, LAHR B sup, ,, B[l L;i(1)]1%] <
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(A5) {my,t > 0} JEI 57 Markov i, BAEBMZERLE [pijli<i s,
P{miy1=j|me=i,mo,...,mi_1,w,v(k), Ly, C(k),0 < k < t} = pij.
(AG) HE 25 BREL by (1) W bi(t) > 0, Y252 bi(t) = 00, S50, b2 (t) < oo, FAEFHEL a1, ag > 0, 15
anbi(t) < bi(t+1) < agbi(t), Vit >0.

EIE 1 EEK (A1)-(A6) T, FFH bi(t) (i=1,...,N) H

N
 Jnax |b; (t) — b;(t)] = 0<Zbi(t)>, Mt — oo, (2.5)
SHIS i=1
oy A A T RTR (2.4) BT7UCEK BD limgs o0 Bl|as(8) — 07[°] = 0. #E—2F, 25 (2.5) B FAEAX,
> i (0 = (0] < (2:6)

W73 A7 A THEE (2.4) JUFALAREE, B limy o0 2i(t) = 0% JLFALAEEROL. BEIF, 25 b(t) 1 0, t — o0,
WP 2 J il v S S A R Al

t
1Z|<S</~c>||=o( ! ) U p o LA AR,
t —
k=0 b(t)t

Hepp(t) = £ SN bi(t).

3 mmEs

T [ 1) AL 3 A g2 ) AT ) — S BE AR W, £ AT Sl i, DURCTRAR 1) ANpA TR ] 0] 45
USRI N . B E RTINS B B AT RS B A g U, (S B AR
WS TR IERE.

H % T2 A AR R Ge o A 2B R 2 1 10 SCRROCH R BE (5 (518 2 BARRY, BIAH AT B AR AT LA
T 2 AT e . AR Sz Bn AR A3 (S B 2 R, A RS 5, AR MITE M
SKAEAE T, H B AT R, 1 AE EANH WA A0EH o FREARFEEE N FELTIRK.
UEAh, AN T, B BRI BB E AR, 2 8 BRGNS RN AL
B, EACEEEELRT, BEFERTHE T [ A8 AE 3 A A U S R P, JHR T
ERERSPiEEIEEPALIIP RS-

3.1 EHBEER
HEMA D (i=1,...,N) BRGEABALE— P 25507 B ik
zi(t+1) = 2;(t) + hui(t), t=0,1,..., (3.1)
Hodt z;(t) € R, u;(t) € R 23 33R B B4 0 FPIRZSFIES], b 8] e
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VAT 1 2 190 PR S0 3 A R 5 B, TR, A 1 S PR S(ELRAS 7 265  AJ A i
Wtk R R BIE  HUR AR BN A R T ST (S A S . 1Ak ¢ 4
0 FE L IRAS T, He T 0 1 IR A S 3 R A0 1 0k N PR T (6
ARAT G AT, 5 (0400 1 AR R, B NG (1) © NG, AT S P R e AT B A £ 4
1 G() = (Y, Ear Age ) 5ICHR [11] I B 5 kR A HLBIATILE, M ASE (S b 2k
R A S R R ¢ RIRT o) () SRFDS L EEARAL A A i e N ik, T mes
(SR RS, T RESC P e, METTECE 0 4 PORRRD SN 0K j BOIRAS FiF A7 3,
AT B840t 5 1 0 I 28 0 P AR A R B

AR R, A T B D, T 1522 T B, 4 T A5 0 45
AR L. 250/ R 5 B A0 S R A A 3 D TR T, BRI R 1 2 I R R et
RS A AOIRAS B0, T AT DU RS 427 0 B A0 AR L.

(EBAE S (7,1) € &g MIRIEN, B j (G =1,...,N) TGS o), Xt HIRAATHT,
5 BRI tH 1) AR AR R 1 € N K%, O € ) 2 (B0 € N} XA

&i(0) =0,
Aji(t) = alg™ (t = 1)(@;(t) — &t = 1)), (3.2)
)~ {g(t SO + €t — 1), TR TE M G BRRE] A (1),

it — 1), H0, t=1,2,...,

Horb &(t) 72 @y WINERIRES; Aji(t) 2 @5 BT, B AR LSRRI AL 45 g(t) > 0 22 RS HRpR
B, q() REA 2K+ 1 MEUZEHEENDS, B g() R A={0,+i,i=1,...,K}:

0 1< <1
? 2\y 27
21 —1 214+ 1
ia : gy ’L;'_ ) :15' '7K_1a
q(y) = 21K — 1 (3.3)

K, Y= s

2

1
—a(— < -
a(=y), y< 3

FEIBEARTE (5, 1) € £ WIERN, B K i e N HRAEHICEIBURIZICE] B 14K 5 gtdasimin it A, (1),
SR HN 2 75 BT ARID S W B, TS0 R0k § RS TE. Uy € W, 2 (0,5 € NjF} 5E U

:(0) =0,

- glt = DAi(t) + a5t = 1), TR AL RZI G EACE A (1),

ji(t) = A (3.4)
Tji(t —1), HH, t=1,2,...,

Forf (1) ARIGSS W, 16 ¢ ZIRHITH. A (3.2) AT (3.4) BH, &5:(1) AT 255 (t) BA MR K]
GRE, WCERATAE R A% i M SO A 1 1 6] R 3 Sty = A IR 2 AH 8] F9) 4t 11

T UL EREENH ARG (3.1), MWENMEERE @ (e V), BRAUPH R EAEEEE
Ut) = {zi(s),z;(s),ri(s),m(s),5 € Nit(s),s < t}, Bt oA IR w, (), XL RIHILRIR
& 21(0),...,zn(0) & HERFPREFLRSE L SN 2:(0).
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3.2 SHNELERITH
BT UL B R@AE P, FRATBE a0 115 2 A M AL o3 A 2k [R5 )
ul(t) = Z Q5 (t)‘%ji(t) - Z aji(t)fij (t), i=1,2,...,N. (3‘5)

JENT () JENT (1)

B RAEAAS, B SO (1) = o8 2(0); R AT 5 TR AL G B 0 7 A AR T
i€ N BRI AT SOk [12], SEACRATIEIE SIN T S R BUE E FTE R . [ A sk
WEFEAZE 1 bit BESEEFER , UEMEFEA j 2ECEERE TERES Au@), S
U FoR ARIERRIY, 07 Fon AEIER .
3.3 HERMSH
B (3.1) Al (3.5), £ H FK IR RG0S o8 R i =7
X(t+1) = (I = hLg)) X (t) = h[(Lgwy © A(t)) — (Lgwy © A(t)T]1, (3.6)

ot X () = [21(t), .., an (O], A(t) = Mg ()], Aig (1) E XA

o Et) = a(t), Wi j e N,
v {07 . (3.7)

FATHZX A A AR E R EFS {G(8),t > 0} RAIIRE {2:(0),i=1,..., N} fEW TR

(B1) {G(t) = (V.&wAgy},t = 0,1,...}y ZFRTEEFSI, HHAEEE by > 0, 17
inf 0 Ay, > Ao > 0, AR = o (L), G = 270071 G(0), G R G HORTFRAGI,

(B2) FAAEIEREAL Ty, MEARERENZ] ¢ > 0 MAERWA TN j e NJF, i =1, N, FERFE] X [H]
[ty t1 4+ To) b, BN Z] ¢ 2 5 € NF(2);

(B3) max; |2;(0)] < Cy, max; [6;(0)] < Cy, et C, 1 Cs RERAFHEEL, 6(t) = X (t) — InX (1),
Iy = 117,

(B1) S50 T LA Ja SO RE S 2% A1 (190, GRAIE 1 A7 AE — /NN 8] 3, SHE RIS 24K @ A,
ANTE BN 20506, B A 0 2 REAE I ) ) 39 A 30 3o 3 5 15 T 5 L AR B 2k ) 435 JB S e
B A EA . (B2) FRUET &% H EARKISIEHRY (3.2) FRIDE (3.4) Ak BIMA. % 83 SLbr byl
BRIRZE Cs I LA WTRE2EIL N T 2C,, (B3) 70lés th T AT RS A dn R iR Z2 1 L

MR R GG (3.6) AOMCSMES 16 FT A48 0 T 5 2.

EE 2 RE (BL)-(B3) Mor, HAMERIIERE K > Ki(h,y, a1, e0), BHUEFH b, e, v F1 go,
{158 pr.e, € (0,1), v € (prfl,l), LA

1+ 2hd* 2hd* 3
(1 + 2hd*)C, + 2hd 05’(61) } 58)

K+1 6,
MTEREANEECN 2K + 1 28 (3.3) RIZARREKEL 9(t) = gort AUERIPML (3.2)-(3.5) T,

MRS (3.6) LR BSoE fE se Bl 5T R, BRI

go > max{

N
xi(t)—Jmej(O)H:O(vt), t—oo, i=1,...,N, (3.9)
j=1
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Hrh g RIEEE, WE & > sup, d*(k), d* (k) 2ZH G(k) I,
1
Kl(h,’Y,El,Eg) = \‘Ml(hfy,ﬁl,ég) — 2J +1,
1 3 1 —(To+1) 1 —(To+2) hd* L
M) = gy ME AR g + = 2,

MéM(ha%ﬁ,Q)

Nppe,d*?p)e,,  2e? o= gt Npned? (1 —ym4ho il )
= 1(~2h ’ Z(ho—b— ho — 1))y~ ZChL 1 2 g
av (v = pre) = €27 (1 =7 2phe,)
2h0
Pre =1—2hXo+ Y W'Ch, L'+ eh?,
=2

Phiy = 1+ 2hL + h*L? 4 e3h?,

0, = Npiflé;,y—zlho (72}10 _ Ph,el)(cg + 4Ph 626517_2d*202)

2ho—2

O2 = Npne,& ' d >y i, >~ (ho —1j — (ho — 1))y~ 2chhlLl (3.10)

7=0
2 AEIEFH, O FoRM j DICR PR 1 MHEKNEL L > supy, [|Lg -

HEHE 2 R, RS (3.6) DATRBORIE S TI- . 3 SRR IO, i o R BBl
p;’g FHIEHL h, e 8 pne, RE/N. AR (3.10) ATLAE H, v BN, BRI IERZBRE, T2 4 — pihfl
I, BT MRS T0 55, BRI R 700815 LR St 2 [ 6 &R, w45 9t T E .

EIE 3 fRiX (B1)-(B3) oL, MIXMEREEL K > (M) + 1, LS EE O (K) £,

A 1
0, (K) = {(hmq,ez) s € (0,10, € (770 1), My (1, 2) < K+ 2},

/ﬂ\:qj Ph,e & Ml(h777€1762) EE (310) EX;

2ho—2

- . 3 2
Mlzd*N2( (h0—|j—(h0—1)|)> max{
2 Ao’ L3120, /C2,

=0

1

1 }
L022}L0 | 2

MHER (h*, 7", el e3) € 0 (K), TEREWZEEON 2K +1 FIB5TEAES (3.3) RUEHMKEL g(t) = goy™’
(go T2 (3.8)) AWMU (3.2)~(3.5) T, HIFF RS (3.6) LB FH#aFE.

4 PE N

£ H B RGN R RERER AT WR T R AL S H . RIERS S MIME P AT E M,
SCRESEHLI R B WURE AR H bR, R IE B T 78 T AL, 5 e 4e i B AR R G Rz AN =) 1),
% B B RGUE R ) 75 225 18 H BRI RS BAE . RGeahaS T RN RESR b AOARR & F HI 0L,
DA% H BARRE BUSCERRE 5. (H S B H B RGERL, 2 B B RS E &A% 6 B HE S
BWEBAELF RS EA T a8, LU 58 ke 2 ] H AR T Bk (A s il . S8t 4
BEHUAIANTF] S oA A A5 BT WA TR, PSS 35 AN R R A T LA AR AN R K 2 B EAA0GE B R R 4.
H HITIZ 7 T AR 7E T8 SCHR TS AR 6 g 2 (5. 161,
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AN EE A A B ARIERE R SRS A A R 2 B R R G E SR, EAREIEAE - B
REREZEREZE N, STxt— ISR & AR RENLER ME 2 B R R Ge, FIRIIh) e/ 3R SE . Nash A SR%E
JE DAL SRAEA TN, $i HH — AN TR ARSI S BEAL T PRI J R 5 002 A AN 2 1k DR 3 2
A5 X B TG RAE 5, IR AIA R SRR EVE - FHREIRES PRl 1 9 — SO AT R R 2 1) AR 3
Nash BJHTRALYE, 25 AR L BE TR AR IS S B B VLB A R Al it

4.1 HHNENREREZ )

HEMR (i=1,...,N) B EEERERAEESE LSRR AFEE I, HaE RS HE L
THE4 ARMAX FERUHIA:

pi i n;
zi(t+1)= — ZAik!Ei(t —k+1)+ ZBikui(t —k+1)+ Z Z Gijrzi(t —k+1)
k=1 k=1 k=1j€eN;

+wi(t+1)+zlcikwi(t—k+l), t>0, (4.1)
k=1
Hor 2 (t) € R™, w;(t) € R™ Fl w;(t) € R™ 73 A8 A 34K i 78 ¢ W ZIRPIRAS . FEH 5 LA %2
MIBERLRE IR, 24 ¢ < 0 B, 2(t) = 0, wi(t) = 0, wi(t) = 0. {Ai,1 < k < pi}, {Ban,1 < k < s},
{Gijhrj € Niy 1<k < i} REBAIEGEHIIRMBERE N = {na,.oonim,} TR A B 0 )
ABFEAMS S Y Glgnry (E— K+ 1) BRI B4 i 540/ 1 E P RUMA AR PO R, #L4 2
Gigp (k=1,...,m;) FRE T j 3 EEH i BRI,
HAAR i (0= 1,..., N) SRATF (RBEHLA A P A AT ok %0 2 75 S B DR B

T sy = timsup 3 [k + 1) — Bl ()P 4.2

hde el k=0

Hrp uh, = (Uny ey U1, Uig1s - - un), () : R™ — R™ A Borel AIMIIEREL, T (k) 2

% BERRGHE kN ZI O FHEIRE T2 (PSA).

4.2 HHNENREEHT

ARG (4.1) A (4.2) (oA 208 N ER EZ TSR0 FOME 2R 48 =800 M S HAl vh A TH R 4l
Z4; FIH Nash 0 SRZEAN JEUNAL V1 AR50 PSA T3l ) FH o SREE A I A0 T A =i 7 428 1| .

4.2.1 BSHHRUEE
NAET R e/ 3 (ELS) BOEXEREIZHUN T, ¥ (4.1) Sl FEa:
ri(t+1) =07 (t) +wi(t+1), t=>0,
Hor
0; = [—Air,- .., —Aip,, Bit, s BigiyCits -3 Cigys Gimii s+ oo Gimiymi - -+

Giv"iﬂn,;yl? B Gi,ni,mi,m ) (43)
cp?(t) = [xZT(t), e 7acZ-T(t —pi + 1),ul-T(t), . ,u?(t —q; + 1)7wiT(t), e ,w?(t —r;+ 1),

]T

536



hERNEE: B 943 % o6 i

T T T T T
Ty )5y, (=i + 1), 0wy, (), (E—ni+ 1. (4.4)

AT ELS ikttt RGURFIZSHGERE 0

0i(t+1) = 0:(t) + as (1) Py () (1) (st + 1) — 6 ()i (1)), (4.5)
Pi(t+1) = Bi(t) — ait) Pi(t)pi(t) i (1) Pi(t), ai(t) = [1+ o (1) Pi(t) ()], (4.6)
0i(t) =[x} (t),...,xF (t —pi +1),ul (t), ... uf(t —q+ 1), 08 @), ..., 0F (t —r; +1),

Thoy (s os i (E =i+ 1), ag (8, ay, (E=ni+ 1), (4.7)
W (t) = x5(t) — OF ()i (t — 1), (4.8)

Horp 0,() X RMEEAISHL 0, FAGTE, MG 0;(0), :(0) # 0, P;(0) > 0 A LMERIEIN.

H1 (4.5)-(4.8) 1, % B BRI SHAGTHES BB LSS [14] HF, B N DhastEgefbit
VIR Z G A i P DA St AL B A0k 23 M 0 5 50K [14) A B A BB AN ). e RUE 2% AR A0 [ )3 1) &
A RS B SRR, 1 HER 54T E A EARRPIRE.

4.2.2 SHREREFNZT

FEREHLAE SR AAELE T, N AMAE - RIS BTk (Nash 26 SRSEA 0] 17191) A6 SREEH iR
LA A N BR A A, F5 2 8 BRI EPEEGR: (1) % B BRI B Stk Refatr 8L (i)
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Distributed estimation and control of multi-agent systems in
uncertain environment

ZHANG Qiang

Abstract Due to the wide applications in wireless sensor networks, multi-robot cooperative control and satellite
formation flying, etc., distributed control and estimation of multi-agent systems (MASs) are now a hot topic
in the system control community. In practice, when carrying out distributed tasks, MASs are often subject
to various uncertainties, which can make significant macro-influence to the whole systems via affecting each
agent’s microscopic decisions. The interaction among uncertainties and distributed information pattern may
bring essential difficulty to the design and analysis of MASs. This paper is aimed at seeking more robust and
more effective distributed estimation and control protocols to achieve global estimation and control tasks under
various uncertainties including stochastic noises, signal loses, quantization errors and unknown system structures,
etc. Specifically, distributed estimation, distributed control and distributed adaptive control are investigated.

Keywords multi-agent systems, stochastic systems, distributed estimation, distributed control, adaptive

control, consensus, stochastic dynamic game
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