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Abstract: This paper investigates the finite-time scaled consensus control problem of multi-agent systems
with privacy protection. For first-order multi-agent systems, a finite-time privacy-protected scaled consensus
control scheme based on an event-triggering mechanism is designed. At first, the event-triggering mechanism is
introduced, and an event-triggering function is constructed to facilitate aperiodic information interaction among
agents, thereby reducing the communication bandwidth requirements of the multi-agent system. Subsequently, a
finite-time controller is designed to enhance the convergence performance of the scaled consensus for the multi-
agent system. Moreover, a deterministic time-varying output mapping function is independently designed for each
agent to achieve privacy protection within the multi-agent system over continuous time. That is, before publicly
transmitting information, all agents encode their internal states, preventing neighboring agents and external
intruders from accessing the true state information, thus ensuring privacy protection. Based on the Lyapunov
theory, the stability of the closed-loop error system is analyzed, and convergence conditions are established. The
effectiveness of the scaled consensus control scheme is verified through a series of numerical simulations.

Key words: multi-agent system; scaled consensus control; privacy preservation; finite-time convergence;
event-triggered

BHeME (agent) 72— BEWE BN A B I AR 5 AN AT AT NG4S, Refgphor
SN 45 SRR BT 2 DL BURE € H AR 1 R G sl sk, PATAE S5 BE L SRR A% ) SE TR B AL 55, EFEF M

ek H A 2024-07-16
EE RN E4E, ME4d, mATEN, TEAHFRTENERRGMEEG. TSRS 0 mEORITH BT 5.
*J#{5/E# E-mail: zhangan@nwpu.edu.cn



54

T4, 5 BRARY TR TFAMUR AR PRI 8] Ee]— Bz ) 691

RASUEA ) Z R S8, B— Rk R S H
AR, = 2% rfElgery, gy 7 HiE— Pk
JEAIHE)™ . FET U, Bk RETERE 2 B heik REH
AR, BEREAN A Hb AU R BE AR A WLHE LR R, ST
FET B 23 [ R0 25 45 07 TH A R IF], ROR$E T+
T 2R RA e EE Y], IR TR, B
EVBMNAE BB RGN E, W& MNEENE
w30 L H 25 8K, T 3 4 ELI A B A A3 A [R] R
(2RI AL R I R H 25 R, DRI 2 3 Rk
0 1) 3t A T B B3 R PR 4 i R A 2 T A2 3 G

Z BRI R EATRSAE B fEes, SR H
TR ReM H B e 71 AN R TG 2R A5 18 1% 45 (1) I
P, (1SR BER IR (S BERE /RS B R 5 %2
BT SIS, JCHE GBS T
BRI A2 B4 AR (R, 7EZ R ek R
GG B H R @ ST AT AR (W AL, AR
ARG 5B R MR 28 N R G S
Bz k8. T RE B, F L
(R T7 15 R R 22 4 BRI, HoAZ O AR R AR IR
AP ENEE R, NS (17 22 KN Bz
HAaz MR angg™, 77 2 KSRy RAT )
MRS RE s SCHR [5]#F 5 Be A4 10 IR 7 BR ik 1) [ ML AE
W, e AR T ZE 5 B AL S B S IR B — SO R R
HRTHELLH ) TR [6] 5 th— M EE 145 SO
RYSRMLE], R R BR AR S Y SR R YT
R AHARTT p TR 75 T R AT S B A, NER
MRy EFE R T R R T %R, XM
EIRINEOR LU HT 2 R oh— M WL 7k Rk T
WA I A B, SCHR (7] T RIS N A S Bl Es
B2 R ek RGP — 8 B el
R0, SCHk [8] $EHIET Paillier in s AR 45 AL
RSP — 8, BTFETEMEEN TSR
HHIEF AR R, XA SR T RIRL
WEH RIS PR R

H ATE XS 2 8 se AR B A TR 3 BB 90 R840 RV E
M A2 22 B REAR —BOhED ™, — B 5 ) 2 ) 4% )
P FEREFIRZ L, Bl X 22 8 e AR — B M o i R
N, B EHBRPAE, TP A—8E. i —5
PERTELA) — 80tk . e — Sl se N I SR,
MRRAE . EARREESAES, EHRR TRk
BRRYEAT 55 1 75 3R 40 AN B AN AR EE 2 53 )
PATAEL AENEG — SR, 25 aefk
Ll A5 — S0P o 5L A 3 3 R S N B ANEL, RIS
LA R B 2 B R A LB — B R R S

SN s, BAWAME.

UbAh, TERBEAPATES I, 2R EER RSN
MR N R, A RN IR LA ST
PR, FREARZ AN KREEXEZETA
B P U SR FR A SRR, O T AR R B IR P Y T
SR, A I AR A DR A A4 ) 8 1 i AT R R k2> %
PRBAE R o SCHER [15] 4 H 78 AH (5] 18] B& P 2k 47 A 30
KFERFEGRIZR ST TR, BT TEETE, H
JT OO SRAE JE A TS B EESR s STk [16] £H X 2
BREAR R G LB — B I, ot B R
ML ) b — Bt B, L3R R HRAE IR 1
DT R BEAR 2 TR A R ) % T R K, e
PR 28 4111 2E LA R SE IR BE 47 IR R YRR 8% s T Rk
S B B R e e B RE SR, STk [13] K A R
FI [0 2 i 60 1] g B i) 928 i) 571 N 22 84 R A Ll 43— Sk
B, T RAEMISIERE. B T2 SCIRSE
BHIET R R IENACAC SR, STk [17] 32
HH I T AT AR LR R 2 B RS B AR 1 2 B e Ak L
) — Bk B, SOk [18] # bu g — bk it AR
FEaA Y, @5 ) R B TR S B P aa RS
AR A B ERS s SCHR [19-21] 51Nl & L
HIATA PR ERE, Zlff— B, SUF R —
BN S — SRS REARAT . ERARAH
FN K IR ZE G BRI R 5| NBRFARY T 1
TR LU A7) — S 32 1)) ) e

L LRTIR, 2R BER RGERRAMR T I REAR
W e & A RET IR, RIRDERAGEEH
FERSFAPRFI M B A Ak H B FH 21 22 % R Ak L 431
—EE . ARSOR T U A S R AL
AN BR A T R 8, 20 Sl Uk 22 8 e A L A — B0tk
WS B2 At BRI P P AR e Rk vl

1 FRsFR A )ik

1.1 EitEat

AR, R e A 1A A AE H AR AN A
G=(V,EAXMA. £LMEGH, WHEEGV=
(1,2, ny RN RER IS, ECVXVERRIAM
B£hH. RAMMBEEEHA =[] e R ER, H
HIG R a R T 7 B2 B R AT s I EI(E R
RGBT R G AR IR NG, ) e E, T R iAT
JREESTE AN = (I, j) €E, i # j}o AT 4885 [
A IR eN, A AR R U= )i,

JEN;
SE % D = diag(dy,da, -+ ,dy) & GHIPLE 37 346 B 5



692 HL TR A AR

54 3

XAL=[lj1eR™, XHL=D-A, l;=d;, T
Vit j, lj=-aij. WA, FEAE-DFHE, X
RERBEE AL R, LIRM#H 5T % 2 RN1E
BAZ BN B = [by] € R, 45 FREE# B8
AR S EE R, Wby 20, RZbi=0.
1.2 [E]REHER

Z BRI R G n AN BRI STALE, KR
PRANER N T R . B BRI Bh ) AR

x@®=ut) teR" i=12,--.n (1)

X, ) eRERFINEREMALERES,
ui() € RBTN I R H N o

X1 B —ANTELA oy I AR i H LSS bR 2
MZRIE, %R E T F R ST A6 RS (R B RA R
. BRBCERIE KON m(n) = g(t.x().6), Hd, m@)
NI E R, xONEERRE, £={&,
&, &n) € RATNAT LAY N ANF [ 1) a0

X 2 R i S ek i Fa
m(t,x;(0)), € [to,00) IR BEAKII BN ) 2% FOMTH &
TR R LIRS B A R B AR AT AR RS x:(0)
DB BEAR T4 25 A x:(0) A N 2 T A E 5015 B
PRy B0, AR TR

EX 3 R LT AN AR, USRI 2 R
1 22 48 S AT BRI 8] B AL PR B — B 4 i«

1) 5 L %) = Bixi(H),  XF TAE B AR 2 A xi(0)
FAER G, j=1,2,---,n, FFAEF PR E] 73 2 lim, 7
|5 —%;0| =0, [N Le>TH, x0)=x), H
ZH B B B AN N0

2) A7 AE — A S R B g 2 R &
gi(0,xi, &) #xi, Y €R, i=1,2,---,n; PR & g(t,x,6)7]
DA OR B BE AR MR RS I B RA T s 280 R4 (140
JE R B AR AN 52 oR B g1 (0, xi, E) DR s X TAE 2 AN
Er i=1,2,-,n5 BRELg (t,x;,&) T x; MG IRIRITT o

X5 AN Re AR IR AS Tt 0 B 9 KL B fE . A
RAR RN )T AR S .

Xi()=u(t) teRt i=12,---,n )

AP, x@FR B RUR IRES: w@RoaRslh
A7 RE LU 4 T80Um B FIHN o

A PRI Ta) R4 B2URA B L9 — SR P21 15 A fo vF
BEAN T REAR T RCEE AT PR AR I T P S S0 8 ) B A7)
AaTRE, RIS R T 53 Y B P2 45 18 B RE A4
IR UR AN T B

FEZHEER ARG, — B ERE 2
REVRZ I RPIRZS AT BRSO — 8, bl —

ES QAN S M NEIREs i Y ER A 4 S AP
PR BC AR5 2 Fe s PR AE 5T . TP E
SCHIEL]—8E, WRAB = Ba = -+~ =Bus ARALLIA
RIS AR N bR e ) — BPE R ], IR A B e {-1.13,
[7 IR 568 N2 )38 A5 S SN Z AP 1, 843X A ] 7t
A2 Bk . PRI AT BLUAIE g — S 2 By
A4 B gt F ) — FfE 2K

I 1 oA P L 7 B L —
AN IEE MR RERY, AR R R LA AR 2 AR S

FANRE R RE S — A O KRB, AN 11
FrEm &L, JFHBE1TL =0,

FIE2 W RGx0) = f(x@).u@), BBAFE
— AL PR EL VI L DL SRR

1) VA& IEE 1

2) FEAEIE L Ha>0,a€0,1) )2 A0 38, x, 118
V(x)+a(V(x))® <0,x € V\{0}.

MIFRZ RGN A RN AR E R, HARR
SRS 1] T3 2 T () < Va(1-a) V()™

2 BT #aMEtimg vt fl—
BRI Rt
2.1 BRMRAPLLBI— BRI
AT R R 1 IR )
P — BRI, ER T R AT IR
W R R L S35 8 R R B 0 R
S, LA 3N SR S AR L), A5
PRV, SRR MR A R o
ST S AHARREE I 1B,

lxl 0) /ﬁ 4

g (t,x, <)

mo - m@)

x; (f)

=l

®

[

m ) = om0

HA A A oAt

-]

g (t, %, &)
Bl 1 SRR TT SRAER

J& 82 F A ik /& 2% 1F (event-triggering condition,

ETC) Wit . 558 s AR RS I & 3R 22 78 X

Nei(t) = x(8) - xi(0), 1€ (6,1, ), FA N — A1l

RIS N BT A ik R SR AR IS T, 2 A S i




54

T4, 5 BRARY TR TFAMUR AR PRI 8] Ee]— Bz ) 693

KA A BATIRARAE Wy 2T 300k [19], 1%
5 170 A AT BRI T A Ak A 4 1 4% 1A

1
(1) = —asig[z aij(Xi(t}) — J_Cj(r,f,(,)))) 3)
JEN;

X, pe©); o ARG, WEa>0: K1)
argminpen {1 —1) 1) <t} Ferhreldd ) o, N
AN REAR ) b — A b TR, NCA R B
. 5E sigo)H = sign(x)|xF, sign(-) & — N5 R
o AR BRI AT B AL RS R 1 22070 I
AR H RS R B R

mi(1) = gi (1, %;,&) = (1 + l//ie_Xit) (J_Ci +Tie_git)

vi>0, xi>0,0 >0, 1,#0

P, &= Wixi0nTito it BRI RICR 08 T 5
PRI ARBORE IR IR R SR AR 8 FH 31 22 R g
HARGHE B iR, M, HEsErER
Al AR N m(t) = g(t,%,€) = I+ e X)) (& +e Pir), H
g =diagW g, W) X =diagQrix e xn)
P = diag(01,02,"*,0n)s T=1[71,72,""+,Tnlo

JIr v R e 5 R EO% SRR T R R
1) WILRIE Z05 L i (0, %, &) # X5 2) g(t,%,&) AT LLH
PRAN e AR AL J5 1 K B HE 2 BR AR I W) AR IR A4S
3) R RIAN B ReA A H & kg (0, %,
IR 4 W TAEEREAZSHE, i=1,2,-- .0,
gi(t, %, &) e KT 3 kG I . AL T IA I ZE
FaFASEJTVE, T4 H ) da B R AL ) B A ok B
B BT Spes, HoRAUERPMEZH,
38 N SR 2 BRI 2 B ek R4t

o _F A S S B B ) <A ik 45 o) 4 AH
i, AR

“)

1

u; (1) = —asig{z aij(m,-(t};) - mj(t/{/(t)))
jEN;
"“”=U+%&WXﬁ®+n€W)

o 5 SCIRA T BHE 22 40 T -

eit) = mi(t) —mi(t) 1€ [f.1,,) (6)
R SCHTT AR e

() == ayjmi(t)—m;(1)

JEN;
Mi(t) == > aij(5(D) - %,(1)

JEN;

®)

Ei(t) == aijlei(t)—e(1))

JEN;

Xt AN REAR, IR I B S Ak A 2% AR i
SR

|E;() | < &1Zi(1) | @)

A, g —NIEE. MM, T DAl
ZIAT AR N -

thy =inf{t> L1IE() | > &1Zi0)l) (8)

FF b R 2 (7) MOBUCR e 1A 22 18] (13 5258
&, iR FEMA R (), AT
W, REMR R M ERE S AR T AT, %
REREIR D T P 5 BT 25 5 A i i . [
I, ASCBH IRl AR AT, 58T
EMA AR, e T 2/ EiRZ 1T
B, R LG TR S ISR, b
BEARR 1715 S5 e A XU

3L (6) AKX (5) H, FTLIASE]:

1

7i(1) = —asig| > aijmi()—m(t, )| =
JEN;

asig(Zi(t) + E«(n)Y"

K LR HE T 3 ) 85 2 A 215K
T AT CATHSR AR R [ PR IR 2Z R SN -

(1) = asig(Zi(t) + E(0)* ©

X2 R e RS, 3 (9) TR N R R
ki

x(t) = (I, ® ) sig(Z(1) + E(0))*

— B SRR AE o AT A T AN A3 A 2 ) A5 2
TTZRNH, fEXEeRi A, W2 AT & Re ik
HAR M ReRIES, Rl O Be R RS AN
5 (S S BT EATRIRES, &I B 5 B
BRIV B . BREE SR
(1)~ 35) — SOV S R R R AR T G b2 [l AR 1
R IE BYIIEIREE D, SURYE O %005
HEWT H B BeAR R PRAS, I S BUE Billis . e
REARIREEAT ], P R RERARARE B 46 1 B B 25501
RIREE R H R RSB ) 2E T, — e R
PN B8 DR A ) 2 v SR T A4 A AT ] %) L R 2 At
B, L, SRR ATA B BRI IRES B AR
A R R T
22 HAMARGIREMESERFAES

AL, FdR 2 R EeR RGN, UL TR
H I HIREZL ) R Gk R FAYE, X —ar#rid



694 HL TR A AR

54 3

TRt — D Y R B oA R . H ks i T
EH.

SEB 1 FEIRIMIAEARN Ui 2 {N; U ) RGE
IEOLT, an R Bkl Es (5) IF it
Pk A S5 A SR B, AT DA SE I AT B BT 1] ) R AL DR AP
—EUEREH], X RERE 2R AR RG] LIS —
B, JF B E ReAAA AT DL AT 46 RS R

UERT 1 USRS D T ERIEE B 1 R HERR
P, T e Rt T R 2R U K oR AL

n

V=Y Mol

i=1

X, oMp#lEIEME. Fik, v >0 IEEH.
V() XTI R SO -

n
: @ , .
V)= ) ——(1+wsig(M;)*M; =
el

— Z Z (amg(Ml)’u)l,](aSIg(Zj + E/)H)
i=1 jeN,
AR
{ sig(Mp)H < |Myl!

sie(z+E)Y <l ef <zt ley

M (10) AER RO F R E], X
FAERjeN,i#j, L <O, HEma LA

Z Z (asig(M,-)‘“)l,-j (Q’Sig(Zj +Ej)#) >
i=1 jeN;
Z Z (alMip s (e (|23t +|E}))
TR T R BV () B R BT — B R OR Y

i=1 jeN;
V() < —Z Z (alM; )1;; (“(|Zj|ﬂ +|E; |ﬂ)) an

i=1 jeN;
BPGE]
Zi=- Z aij(mi—m;) = Lim
JEN;
MiZ—Zaij()_Ci—)_Cj)ZLif
JEN;
X, Li=[llo, linls Zi = LimHM M; = Lix 53 5
REFZ = LmFM = Lx {55 i M c &
St 1) B e PR AS (R ESULEL Y L, A 0 F PR R
BRI
1 S [ e A

KiX > —Kie_PtT Gt KiX < —K,'e_PtT
-n; < |LiX| <7; n;i <|LiX| < —n;

iﬁ':F‘ i = KiX + K€ e Pir Hk; :L,-I+L,-¢e_X’, B I
WA, ATLAHET

ILi% | < ‘(L,-I + Lipe ™) £+ (Lid + Lipe ") e P "r‘

SRIGH L% < |Lom |, BETT M| <1Zi0)]o
JEEAAAATE () | < &1Zi(0), BEMAFE] |Mi(r) | <
Ziop F|E;(f < & |Zi0]* -

FH LI,

ORE Z Z (alMit")lij (e

i=1 jeN;
—(alZF) LI +E)(alZ)

(o(Zl" +[E)) =

SE X E =diag(dy, &, )M I'=LUI+E)-
I, AL
V(1) < =(a|Z| )T (alZ}) (12)
Ty AN SR a) e AR -

KX > —kie 't 5% KX < —kie”'t
Li>nior LY <-n; | LY >-nior Ly <m;

A, LY =|Lixl, ZEpMERT P EE L. 1]
P5 LR R R AT UL S H an R A EE

L) > (L + Ligre™) 2+ (LT + Lpe™)e™7]
BEMAT |Li%| > | Lim |,

T
E0f" <zl <&Mo (13)

BN (13), 2
E@‘%éﬁzﬁ.

WL R ULZ(0) < | Mit) |,

PR BRIV ()

V(#) = = (alMP)T (a|MV)
i b, X riEa:
|Pi(2) | = max{|Z;(®)],|M;(2) |}
A, @) >0. FLV(©E) < —(a|®| “) T (a|PH).
EXT={s5eR": 676 = 1,6 = ol for SLNFIU =
1(F+FT)° wfTAEE S ell, HHOTUSR: T ok

2
gy, Ko 1rHFANEHES, FANA

8TUS £ 0. KIIHAFAE minge ;6 US -
WIS L, 1Ld. T XNo=a|dH, SRETLIFSE]:

T
wTTrm:( @ )F(L)szFp
o w Volo Volo




54

T4, 5 BRARY TR TFAMUR AR PRI 8] Ee]— Bz ) 695

1
X, pel, ﬁz‘waﬁ{w%ﬁpTrp=§pT(rT+r>

p=p'Up> min p'Upzk=11U)>0, Hiik:
pellpTUp#0

T
(@PV) T'@(PF) | @ nsTUs 2 k>0
(@@ (a (@) — bl
L) RFEFFUR SR —/MFIEE . B -
dv(s

o) = ——IL—
V() T+a

ATLAHES -

n
k@l

o) > =l

2u

n m
(i) |
1+u

i=1

ka?

PR, & XK = 5 RS

a \T+
1+u

2
dVO)<—kW«oﬂ%

dr
TR 512 2 R LR IR A4, AT LA R V(o5
1+a)V(0)T+a
AR I P BT = SO B
Wﬂ%oogymﬁmﬁ%%%%mﬁmﬁﬁhm=
D) =-=%(0, B Bixi(t) =Paxa(t) =+ = Buxa(t),
B BRI E RSO =0@) == x50, B

SEACSAE T o

FAAE AT 22 R A — B AT 54
RE ARG B E, XA AE 2 3 BUBURME B At
Fro ANELHE DN R A, Bozd
HE AT T o B BE AR AR IR A5 RO . 45 T ORE 73
BT A SCHR 2 B AL LA B ] R 57 BE AR BT 26 IR S

1>

o

H e, ASCR A SRR om0 =g (2,
%, &) T ARUIE At 2 B A4 o BLHE SR AR B Re fAi 1)
WILEIRZS %:(0) o 75 REREN R R A4 4 HH I Si iR 2502
AR, W, Wixeo.til=&#&. RIEC
FEAt, PRI E I ] RS S B S T BLE
XA

Inbe = {G3 Xnbe (1) M e (2, Xi hibe (0))]i € N }

X, ref0,00); GREH RE K Z [A] (I8 15 4 415
Xnpe(1) 2 7 PN 4 A5 R BE A AE o 2 IR S5

Nie 2 i MR REAR AR R R BEA:  mi e (2, X hbe (0))
Fos N L A7 R e A B L0 Ja R R AA R HE R IR
Ao B BRI BT A6 IR A Bl B L B S R BB S
FEhD J5 150 Hmi(0) 5 0186 L SOIRES 7,(0) 22 78 AN [
M. BRI, AL A R AR R B R R AR 1S B AR
B Inpe ML E R BEARIIVIIE L SOIRAS . Rk, R Re
TR RN M - W N A 1§/ s A NI %
BN

F—JTI, B RE BN L AR AR A O AE (S
A, %7V [F I G e R RE A A AT R
REAA IR AR AS o AR da th W oR B ) PE 5T, 5%
7t tlirgm,-(t) =50, Mm: = ,li,nolomi(t) = }Lllloii(l) =
c, i H R IR R U 1S B 1) B 4T 35— BUE IR SR
B m; 5 1% 58— BUE T i SO SIE AR 1R], BT i 8
EXTFr A ReARmT . BE BRI, 5 S LA
REARSRARAE B [ wim)de, WU PN 8 4F 5 B e A4 AT LA
TR B I AR A %,(0) -

%i(0) =m; - fom w;(m)dt = c - fooo u;(m)dt

BEA I RS, W00 O ELIR A A A
A 2 2% S0k (23], GEH 1o 96 4 20 R & 1F
(N; Uiy & {N; U YT LA e B 1 0 i R R . A
Mo, TEHFAE T, AR AR R
e T ek i e B . R AR R
Py B0 L 2 e S T T 0 9 A ) e 40
RE PR RO W) 06 L SOIRAS o B R SR AN F 1AM D 9
0TI, BT B BRI (5 R AT BLEROR A
Iea = {G,m; j(t,x; j(0)li € Nj,1 € [0,00)}, FUCSAEXS T
BOEH KU AR I SHOCHAER —FE, 507K
T H IS B SRR R AR E T X, W
M L P T A7 3 I Bt % R0

L5 PR, I B A W R AR, T
DA B PR ORI IR B SRS . R, #Ri6 b
AT DL TS5 A S S LA TR [ AL (4 E 1)
—

2.3 Zeno {TARHERR

S0 il R LI A7 7E Zeno 47 9 1K T g4, BY
2 80 8 0 PR AR I A A R TEBR V. S 7 I 3
R E R T Zeno 79, ACHAH T LT
et

EE 2  (EEH | RINAE T, SHAKA
Gin SR 2550 28 2 (5) I B A0 PR R A% A
30 (7) YEBIRAS R b B TR, W] DAHERR 2 8



696 HL TR A AR

54 3

TR RGEH Zeno 4T, 3 8 R A9 AN 5 ) 38 £ i i)
IF) Bl 7 ¢ A7 (E IE RS T TR BRAL = £ —10 > 0.

UEW] 2 A B Zy ()| HE IS (] 1] Bm[t; i, )it L
SHL ATRIHRAR S

D Zi(1)| < (14)

D i) = ()

JEN;

H130 (5) R, (1) = —dixie ™ (Xi(0) + Ti797) +
yi (i) —Tioie™@"), Hfy, = 1+yeit, KL, AL
THHEASH):

Zio] <| > @i (v - yigi0)| +

JEN;

Z ajj (l/’j)(je_)(jtffj(f) - lﬂi)(ie_)(i’fi(t)) + A}

JEN;

R, AR TR
HRAE T 1, R A7 N ks, I,

PN SR

‘Z ajj (lﬁj)(je_x’tfj(f) - lﬁi)(ie_x"'fci(f))
JEN;

o AR,

D ai ()= 1n(0))| =

JEN;

D a0 - %)

JEN;

i
+A,

Kef, Ay =| D ay (Wix e 50 - Pixie M 50) | +
JEN;

Ao THERER: [2io0] <@ |in]+ A5, S, o=14
max el AT DA B0 2 — A 5
f IE 4.«

Y5 LR GE BN BIIR IR 2 RS 9), AR
eE

O] + A < aQillil Zi + AL

A, Al=e®; Z|l,,| (£ HzZi")+aillal IEF+AY

i EE AT UHES H
D*1Zi(0)| < @il |1Zi)* + A} (15)
MZile[l,00), #HFH1ZF<1Z]. HE— T Hh,
TR AER (15), "I 3
. Ag aQjlly| (i)
\Z0)| <m(e A —1) (16)

HUAR BT B B AR SRR (7)) F—
PEARORI ) AT

|Eitti,) | < &1z, | (17)

Kee=d, RN (16), 5 EiRai R 53 (17) 45
G

£

AL :
e@Qilliil Ay 1) 18
@i |l ( (18)

R AT, AR IR IEAL =, i

i i 1 a; |l
Ly~ 2 ———InJl+ Zi(t
k+1 k agi”ii | 1’1{ 8,A3 ' (k+1)|

.y :
p |Eit, ) | <| Zit, )l <

AR I BT S fid e 2% A 2K (7) ANE SRR
AW EAR 2 i) = mi () - mi(o).e e [ed ), AT LA
S

—8i|ii(ik;1)| <1< —gi|if(i’<;1) |

R, |Ed, )| #0, RIEHFA =4, —1 >0,

Wb, 2 S ANIE Ay F

V=t~ (19)
Hk, FIHRUEVEE IR Zeno 17 ABHER. &
WHRINHER BRI ZenofT A, XEWKRHE

hmZ S, I Jim (1, - ) =0 X B
ﬁﬁu&%mmm@ CIIPESE:R

tim LB | < Jim e (e 1) =0

&P E, )| #0, HEWKEe <0, Z41R
e >0 MHEMRM . K, Zeno 17 NHIHE.

H|Zi| € (0, 1), Wil 5 Wiz EH F K. #H—D
Mo, JEILRAESC (15), ATRATR BEI1Zi(] < Ay -1)),
HoepAl A BRI, H EFR Nz #+ AL, K
TR SR A, FTAR RN |, )| <
|Zith, ) | <Al —10)o B SO LR IE DR AR
T

1 : ) : 4 .
fim = |Eiti, )] < lim A (1= 1) = A;x0=0

i B SAEYS, AT BLAS ) Zeno 47 9 # )
HEER

N T BB BACRSA R RESE, ASCa T
T BUE R ] 0 e AL DR A7 R BE VAN BRI (mo, xo) »



54

T4, 5 BRARY TR TFAMUR AR PRI 8] Ee]— Bz ) 697

H A2 K B AL DRI R B FONFERD S Hh 5 JUSEA g
HZ R HUE . BRBERINN:

J D mi(0) = %(0)*/n
J(mo, x0) = - = - (20)
D w(O)|/n
i=1
b, SdeZR s HERG i HY 5 F0 ST 46 46 X 2 [A] 1%
ZMIARMEZE s AmvERoR HSEATIR(E AT 2 MHE .
2 PR AT LAS R HE R i Y 15 L SEATT AR B 2 8] ) 2
FERE. HUCREFE AR T ia s . 5 SOVt ol 20 e
K, FoRFEFAORIFFE DB o AN S 6 B KT
XKE, MBS E=Wixnonm I FN S
RSN kS 2 GP NN S S RN 7S Al
FERE
3 MEXESERSH

AR 4 ) SE BB RS, SRR UE W i 3R 07 1%
FIRCEFIPERE . 8 W 5 DR Re R 4L R AE 4A
w2 froR.

K2 ZREIK RGBS

B BT YIRS S BT A
x(0) =[-4,-2,2,4,6]T, ¢ =[0.7,0.8,0.75,0.85,0.65],
x=1[1.1,1.2,1.15,1,1.3],0 = [-1,-0.9,-0.8,-1.2,—1.1],
T=[1514,1.3,1.6,1.7]; FIF il B 30AH K 45 ) =
Bk Na =05, u=0.75; FFHHflk %04 Hx
)28 ek B e =01, LHIHTBXKE NB=
[3,-2,5,-2,3]". MR#E LR BV &M, v Bt
HOH G A BRIHRI T 5.045 s, %45 0T LU Sk
IR B4 SR e 1

K34 T 2Rtk 2 v B Repk bl —
RS SRS PIE, R4 3 AR IRTE
A BRE R USSR R 3 ANAFIE, SEIBRAA RN
L] —EtE . K 4 fige T N BRFAGRI 7 VRS 2
[ e AR i HOR S P my(r), RS IS PRS0
WSk 2 3 AN FE PR SUE, Hix 3 MNERSE S
x(OWSCSKAEAR R, B 7E A BRI 8] 7 P 56 RO 8
T SIIR A RO B IR S 1 e IR SIUE 43

0.2753, 0.1652 F1-0.413 0. & X Ut 2 1k 1 [
N FEEANEREARFPRSUEEL T RS, K
ARWSE S B RERRESZ EZZ2 N H R IEET,

W i) = (1/m) > xiO)| <Fo L, AR SCHE
i i=1

R SN [, E =001, MR4E ik
SURI 7 S 4 5L T L R e e S D
4.897 s, /WNTHEBIFHEARR AT, UilHZ %
kG WA W P L S8 T 7R 1
el — SRS 38— 25 T e e ] o 2
(P DT, WO (1 732 s, i 5]
Sy

BREA 1
< BHER 2
e C—— Ayt 3
S etk 4
YREAR 5

345

,4 1 1 1
0 5 10 15 20 25 30
I} ) /s

B3 BT R SRS %)

10
EREA 1

S BHR 2
o= — Jififh 3

% P B 4

By " YREA S

e 2 3.

=

£

=

09

@

e

_10 1 1
0 5 10 15 20 25 30

i a)/s
K4 BT B Re R 2 it far H st R 250E BIR S A 28 my ()

P & RE AR A AR I 20 ) 5 s, 5
e 48 5 IR A)fid R AR EE CBF 0.01 s filk — 70
AR ) 3 A A AL A5 B A e A%
MEFBLUE 1 ETC AT RS HRAE A, HARM
R R R AT DL S8 A5 T S BRI FE . A
B 6 T LA Bk AR BE AR S fioh i R B i A2 1
Ol HREHBIGS CROEL) &, #HTRER
TR ] 25 PR BE T



698 TR R

54 %

6

+ ”ﬁ
"l:l
5 W0 B 0B oz
o
iy} 4
&
=3 ap @ @W® OO O @oq

2 B WA W S »

R
o

o8

5 I
pusspunippunppuscly
SKEEEEVS(V_E

S
AW —

<
I

] eessseeee— B HHE A +

0

o 1 2 3 4 5 6 7 s
I []/s
B 5 iRl pL) T BTA R R S Al AR )

2
= [leL]|
= 0.1z1]]
0 5 10 15 20 25 30
I [6]/s
_05
3] \ [le2]|
< ol 0.1]22]
0 5 10 15 20 25 30
N Ifl/s
_ 2
T —le3]|
= L e 0.1]]z3|
0 I
0 5 10 15 20 25 30
4 I [H]/s
I 2 [le4]|
= 0 hb """" 0.1][z4|
0 5 10 15 20 25 30
4 NS
) [le5]]
= 0 k """" -0.1]25]|
0 5 10 15 20 25 30
R[] /s

K6 CIREME RS FOH AL TR (E 45 R 1E

K 7 o 1T B R R R A AN B, T
AR IR R o, 12 1 N 1) 22 SR
BEE B RER PR Z TS, P R MBIZR
B s 0.

10

PR A

0 5 10 15 20 25 30
I} ] /s
B 7 BT SRR th 2k

2 SRASEEEFERYIERES, HEER
TRIEH B =11,1,05,2,2]". 152K LI 45 R
Kl 8 Fian, R ZHRethk R BRI AR Ll R+
SRR 3 AN FRE.

HE 3 R R AR B EE R 8 A, FERAK
B R UE R A5 BE LR B, TR A Le 3 IR 1 g8 oo
B=11,1,05,2,2,1,2,0.5]". 13 3|S5 45 Rl 9
Fias, ZEER 1. 2 6 R&T —3, ek
4F S T8, BEetk3 s T8, RPH
RSZEL T b — St

10
BRErR 1
FHeA 2
e 3
w S e 4
g BHEK 5
=
Z o, /= 22
2 7 £
29 g
[ g 0
2 ,
B 0 10 20 30
-10 ! ! ! H:“HJ/S !
0 5 10 15 20 25 30
B H]/s

B8 AR T s 5 R ]

10
5
2
o % —
2 sl = ko
5 o IS
59 g — FaeE 4
g0y 2 |/ — B S
® & 3 —HHER 6
-15 @ L i3
010 20 30 "EWS
20 ) 5[]/
o s 10 15 20 25 30
e [H)/s
K9 AR Re kSR NI g R IE
+H53E
4 Z5RIE

AT X 2 B RE AR LA — S il b BB AL DR
PR, BRI A AL PR A R N 1]
BRL PR AP B — B vk . 2 TNEE e T A R
F S i e 2 A SR ik 2 A fE AR 2 1145 B A L R I
e, JESINA RIS 8] B R ORIIE 2 B B AR LL i) — 2K
PERCSERE . IR, 5 NHi HE S o Kok it TR 22
B R R G S E R APIRE RSN AT R, S
DA PR T A BRI 18] B9 — S, 105154
BERE EE e, WRARMEREER, 2m T



54

T4, 5 BRARY TR TFAMUR AR PRI 8] Ee]— Bz ) 699

% B REVRFSAA PR LB — BOMEF AR A BERE I
A EAE TR BB A

2 F Xk

[1] TAHERI M, KHORASANI K, SHAMES 1, et al. Towards
privacy preserving consensus control in multi-agent cyber-
physical systems subject to cyber attacks[C]//2021
European Control Conference (ECC). Rotterdam: IEEE,
2021: 939-945.

[2] HUO X, LIU M. Encrypted decentralized multi-agent
optimization for privacy preservation in cyber-physical
systems[J]. IEEE Transactions on Industrial Informatics,
2021, 19(1): 750-761.

[3] FIORE D, RUSSO G. Resilient consensus for multi-agent
systems subject to differential privacy requirements[J].
Automatica, 2019, 106: 18-26.

[4] WANG Y, LAM J, LIN H. Consensus of linear
multivariable discrete-time multiagent systems: Differential
privacy perspective[J]. IEEE Transactions on Cybernetics,
2022, 52(12): 13915-13926.

[5] LIU X K, ZHANG J F, WANG J. Differentially private
consensus algorithm for continuous-time heterogeneous
multi-agent systems[J]. Automatica, 2020, 122: 109283.

[6] XU H, NI Y H, LIU Z, et al. Privacy-preserving leader-
following consensus via node-augment mechanism[J].
IEEE Transactions on Circuits and Systems II: Express
Briefs, 2020, 68(6): 2117-2121.

[7] HUO X, LIU M. Privacy-preserving distributed multi-agent
cooperative optimization-paradigm design and privacy
analysis[J]. IEEE Control Systems Letters, 2021, 6: 824-
829.

[8] FANG W, ZAMANI M, CHEN Z. Secure and privacy
preserving consensus for second-order systems based on
paillier encryption[J]. Systems & Control Letters, 2021,
148: 10486.

[9] L1 Y, LIU W, SUN 1], et al. Online consensus control of
nonlinear affine systems from disturbed data[J]. IEEE/CAA
Journal of Automatica Sinica, 2024, 11(2): 551-553.

[10] ZHANG Y, CHADLI M, XIANG Z. Prescribed-time
formation control for a class of multiagent systems via
fuzzy reinforcement learning[J]. IEEE Transactions on
Fuzzy Systems, 2023, 31(12): 4195-4204.

[11] LT W, QIN K, SHI M, et al. Dynamic target enclosing
control scheme for multi-agent systems via a signed
graph-based approach[J]. IEEE/CAA Journal of Auto-
matica Sinica, 2023, 10(2): 560-562.

[12] #AB2k, Zohlkl, 22k 2 5 NS RT S04 6k

F— AR R[I]. BT AHR K F 3R, 2020, 49(6): 818-
825.

LIN B X, LI C C, LI W H, et al. Mean square consensus
of high-order multi-agent with constrained control
input[J]. Journal of University of Electronic Science and
Technology of China, 2020, 49(6): 818-825.

[13] SHANG Y. Scaled consensus of switched multi-agent
systems[J]. IMA Journal of Mathematical Control and
Information, 2019, 36(2): 639-657.

[14] DONGANONT M, LIU X. Scaled consensus problems of
multi agent systems via impulsive protocols[J]. Applied
Mathematical Modelling, 2023, 116: 532-546.

[15] YU W, ZHENG W X, CHEN G, et al. Second-order
consensus in multi-agent dynamical systems with sampled
position data[J]. Automatica, 2011, 47(7): 1496-1503.

[16] SUN Y, SHI P, LIM C C. Event-triggered sliding mode
scaled consensus control for multi-agent systems[J].
Journal of the Franklin Institute, 2022, 359(2): 981-998.

[17] WANG Y, LU J, ZHENG W X, et al. Privacy-preserving
consensus for multi-agent systems via node decomposition
strategy[J]. IEEE Transactions on Circuits and Systems I:
Regular Papers, 2021, 68(8): 3474-3484.

[18] ZHANG J, LU J, LIANG J, et al. Average consensus of
whole-process privacy protection: A scale parameter
method[J]. Information Fusion, 2024, 107: 102312.

[19] ZHANG H, YUE D, YIN X, et al. Finite-time distributed
event-triggered consensus control for multi-agent sys-
tems[J]. Information Sciences, 2016, 339: 132-142.

[20] DUAN J, ZHANG H, LIANG Y, et al. Bipartite finite-
time output consensus of heterogeneous multi-agent
systems by finite-time event-triggered observer[J].
Neurocomputing, 2019, 365: 86-93.

[21] YU Z, ZHANG W, MA L. Finite-time consensus for the
second-order leader-following nonlinear —multi-agent
system with event-triggered communication[J]. Journal of
the Franklin Institute, 2022, 359(12): 6486-6502.

[22] ROY S. Scaled consensus[J]. Automatica, 2015, 51: 259-
262.

[23] ALTAFINI C. A system-theoretic framework for privacy
preservation in continuous-time multiagent dynamics[J].
Automatica, 2020, 122: 109253.

[24] HU J, FENG G. Distributed tracking control of
leader—follower multi-agent systems under noisy measure-
ment[J]. Automatica, 2010, 46(8): 1382-1387.

[25] XIAO F, WANG L, CHEN I, et al. Finite-time formation
control for multi-agent systems[J]. Automatica, 2009,
45(11): 2605-2611.

% %8 XI%MH


https://doi.org/10.1016/j.automatica.2019.04.029
https://doi.org/10.1109/TCYB.2021.3135933
https://doi.org/10.1016/j.automatica.2020.109283
https://doi.org/10.1109/JAS.2023.123894
https://doi.org/10.1109/JAS.2023.123894
https://doi.org/10.1109/TFUZZ.2023.3277480
https://doi.org/10.1109/TFUZZ.2023.3277480
https://doi.org/10.1109/JAS.2023.123234
https://doi.org/10.1109/JAS.2023.123234
https://doi.org/10.1109/JAS.2023.123234
https://doi.org/10.12178/1001-0548.2019293
https://doi.org/10.12178/1001-0548.2019293
https://doi.org/10.12178/1001-0548.2019293
https://doi.org/10.1093/imamci/dnx062
https://doi.org/10.1093/imamci/dnx062
https://doi.org/10.1016/j.apm.2022.10.049
https://doi.org/10.1016/j.apm.2022.10.049
https://doi.org/10.1016/j.automatica.2011.02.027
https://doi.org/10.1016/j.jfranklin.2021.12.007
https://doi.org/10.1109/TCSI.2021.3081372
https://doi.org/10.1109/TCSI.2021.3081372
https://doi.org/10.1016/j.inffus.2024.102312
https://doi.org/10.1016/j.ins.2015.12.031
https://doi.org/10.1016/j.neucom.2019.07.043
https://doi.org/10.1016/j.jfranklin.2022.06.040
https://doi.org/10.1016/j.jfranklin.2022.06.040
https://doi.org/10.1016/j.automatica.2014.10.073
https://doi.org/10.1016/j.automatica.2020.109253
https://doi.org/10.1016/j.automatica.2010.05.020
https://doi.org/10.1016/j.automatica.2009.07.012

	1 预备知识及问题描述
	1.1 图论基础
	1.2 问题描述

	2 基于输出掩码和事件触发的比例一致性控制方案设计
	2.1 隐私保护比例一致性协同控制协议设计
	2.2 闭环系统稳定性与隐私性分析
	2.3 Zeno行为的排除

	3 仿真实验与结果分析
	4 结束语
	参考文献

