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A review of consensus protocols for linear homogeneous multi-agent systems
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Abstract: To systematically analyze the state-of-the-art, core challenges, and future trends of the consensus
problem for linear homogeneous multi-agent systems, this paper presents a comprehensive, multi-dimensional
review of consensus protocols, offering a clear theoretical landscape and forward-looking guidance for researchers in
the field. The review begins with foundational classic linear time-invariant protocols, analyzing their design
philosophy of extending single-agent observer-control theory to networked environments and proposing a unified
analytical framework. Building on this, the paper investigates advanced protocols developed to address complex
real-world constraints. These include: fully distributed protocols designed to eliminate reliance on global
information; attack-immune protocol that eliminates information exchange between controllers; time-delay
compensation protocols for overcoming communication bottlenecks; finite-time/prescribed-time consensus protocols
for achieving faster convergence and stronger robustness; and attack-resilient and fault-tolerant protocols to ensure
reliability in adversarial environments. Finally, current research achievements in consensus protocols and the
challenges regarding their future development are summarized, followed by an outlook on potential directions for the
next stage of exploration. The findings indicate that research on consensus for linear multi-agent systems has
established a relatively complete theoretical framework. However, limitations persist; a unified theory for
addressing coexisting, compound challenges remains underdeveloped, and traditional model-based control methods
lack adaptability in highly dynamic and uncertain environments. In conclusion, key future breakthroughs are
expected in: developing unified frameworks to handle compound challenges, advancing the theory and application
of data-driven and learning-based control, and shifting the research paradigm from state-level “consensus” to task-
level “coordination”.
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Fig.1 Schematic diagram of an attack-immune protocol
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Fig.2  On-orbit satellite formation with communication delays



64 - MoK BT Ol k% %

557 %

FE—S AT T T, SCHR [ 29 ] X BAT i A% 4k
IRFIYIH AR F Y BT ] MAS, Wy T — 2R
SRR BB — B, IR T L ZE b
FER R _L 0 4R B R 240 3 AR Ui, B AT £R1E — 2
PE o SCHR[ 30 ] WIEE T80 888 0 B J7 4 | 43 ) B0 BA
AN [R) A A B S (%) TG ] 1R ] e 5L AT 38 15 5 % A B 428
R ERCINE = avAN S S e DR € i 3 S S 3 PO L
SLI ) ZR G, SCHR[ 31 ] F ] — o 8 4 A I A8 46 7
2%, RGu AT T AE S AR ANAEE — U AR SEIR R
() 3 Fp—FOPEm B, SCRR[32 ] 00 —2558 FH —Fr
MAS, 38 2 5 BrREIE 7 AR S BHESE R MR
BT ORIE— BP0 B IR A B Y R XA K R
SCHK[ 33 147~ T B S04 MAS XA & 28R HA A
MR EEE IR T AEARE S5 0 E O R RS
XA B R A Ao A8 8 A1 3 HE SR H4 R T Bl — 3

ST AL Y BR Y 38 £ B3R, ST [ 34 ) BFE T
HyR Al REEFRAE P BEHVLLIEIR MAS — et m) @&t 8
DR R GEEA R BB B 1R 25 RGE, 1% SCHE TRl L
FasE RS, i—4] LML IE R4 T R IEX
N =B 7555, TESLIERT b, SCHk[35 ] i —2F
8 TIES ALV T R BEMLAE IR MAS 34 X35 £k
— Pk, 38 ST ALY AR R G Y LB, R
SRR AL T 5 TIuEr 4.

T FE B AME R[] S 3R R Y 4 T S e, T
TS Ok s A . HAZ G REUE R &
B2 1) BN AR T A SRR A, I T 32 90 I L
sl FW0 TAE, ik (36 - 37, 5] A
ZINTHE ST BN ISCRI N A - 47 Fo ) 42 o], 1k B T S
HLI BRI AT R - — Bt e Sl B I3 K R v 45
A BIER FRR, SCHK[ 38 ] WK 43 A =X i 42 il 5
pinning ¥ Wl ¥ 45 &, BT A D T A7 A B I AT
MAS R4t —BUPE L, Ak, — g e 7 I sz 15t
OriEgE A o AESCHER[ 14 ] p95Eah 1, SCRk[ 16 ] #F5E
T (R ISP R 38 A7 RN A RE SR ) MAS — Z50 [R) 8
L TAEEENT T — T 00 S 5% 07 v, TR T A 2R
FEIR R E E H OV A, I8 2% T AR BURN R E I &R
G, AT DL e RS S 0 B2 T 0L 45 1 A L S A5t P
W B B KA SR i — Bk m g, RS,
SCHR[39 ] i —20 & e 1 4 Oh Tl 4% B 45 O vk %
PSR A FR HLANFE B JE 0 S R A RS 2 T 58
B, IFreAb BEAT #510 AT T 1Y 2 4 R — Bk R,
SCHR[ 24 13 T — 2RI T 240 Lyapunov J7 R M 1Y
LTV RS d 4% . XL ds R A LTV 325
A58 237 TAR A E R A B (46 2838 ({8 M
RS BRI AL T 4 2 A S

SCHER[59 42 T —Fhor A = S 20 oS i =R

PR K456 05 %8 IR T A fil R Bk AR A
REARTT LA B 32k L — W fik & sk 2], DA s 4 1
X 5% 22 1) A S M A% . SCHR [ 60 ] B3 1 0 Al
A LA T8, SEE T 3 T H Al A — 2
PR o SCHRL 19 ] D00 44 f % AL 1] 55 i A Bsf ¥ [ A
FHES G, N 325 A JEIR 52 A ZE P MAS $ 4t T 40 5
H - IREE S A, XS Yl R
B fioh % [0 B A7 76 7246 1E T B, A 20O 3t T Zeno 17
Ko SCHR[9 BTt 17— or A X h A S8 ik A A BR
Bsf 1] — 43— B P, i DS T8 T R Re A 1] A A
554 L RIAEM M S MR, B3 T 2458
WM RS T 28 BRI R G 7E T i 45 il
PVSCT W] i SEBRAT PR B[] — 40— S0Pk [ ) 7243
M.
1.5 HRAEE—BHE Y

MAS ()47 B B[] — S0 (7] 51 DS G 7 i 5kt
FEFEVEDT T SRR O 34, € B0 45 il e 4l Y
R (K 3) o RSO T4 X5 il b
B, WO T A R BE AR () R 25 B 5 7 AT BIR e 1) PN e 8%
R ILEE, F BT R DX — (A A T
HEE AR, Flan, SCER[ 40 ] i3 R AT FR B[R]
FETERE R T — A SRS S o A 2
W) FHAESE , I 43 IR T 0L ) BR3¢ 1 40 Fh
T RYSEIAAAE U T Y 0% 3 A YRR S ) 2
KB RI AT GRIE 2R S0 10— B0k, STk [ 41 ] 1520 ks
Tl — PN pinning FEE T ZARSS A #EH
TSR AR R AR R Y B A S A B ]
— R R R T A RGRRE

0 1 2 3 4 5
t/s
(a) Wiz —%
=
B ool
= ——
- 1 2 3 4 5

t/s
(b) A PR A — 2
3 EME—H5H R E—BAIX

Fig. 3 Comparison of asymptotic consensus and finite-time
consensus

BEF TS IR BN BTt H e 1 B
N R SR B 5 5%, 1 An SR+ 9 A X B 2%
AR AH. , AR TE R GEAE B SE IR 0 e 1k
SCHR[ 42 ] WSS T A7 ARS8 0 I B A BRIk ] — 3
PR, HABE T 3 2 A AR BE A O Bh N 52



F12

Blidt , 5 . 2RV 2 RE IR R 5 — B MU SR id .65 -

PURE A — 20, e A5 0 ol i DU RE Al DROIR S IR 25 75
FELE [R] PO USSR 2 — A T 4R X P, X3l ) 2# i Al
KA BREL, SCRR[ 43 ] HEH T —Fh oA =X A & A
PR ] —BCHM, 7R SE 4 T & — BRBE 2 — B0 IR
i, BRAIE T AR RIS E A BRI R, BEAh, 2%
(38 B 2 ] BB R AR (0 BIME , SRk [ 44 1583
TIRGPMES XA AR T B A R — 2, %
TIPS RE T REMACIRASZERE [kl — 8, X—J7
] E— 20 K J R B A I ] — oy — BobE [l L, SOk
[45 1R P e B S i R R & T e i i o0 A
AR, AT FEAT B 0I5 I 1] Y S B — 4 — Bk Y
HBN B T WS ST (R RN RE B TE AR, [RIARE AL 0y
— Pk A (Rl RE SR 46 ] 5T T Sl & AL, 52
B/ 17 9= VA ¥ B 1 1 7 S S s St g

T 3B SR TP SO | T R A R A &
SRS (0 BE PR IE , — 2R 571 1 42 Tl SR s g 3 T
oA I FR A ST — R 2 A P T G
fath, SCHR[ 61 ] Ry BRFHE 5 53t 1 87 80 Y 43 A X0
W, ATE R AE B 8] Al 600 5 2 RS S A
FEYE A T AR LR B, A ST B[R] Y B AR
T RGWIRIRAS  SCEET BT I A < [ 5 Bsf ) — 3
Pk, SCHR[S0 ] #F— 25 Mok T 4 A Z IR& M R G AE
— B ) H T A RIS B ) 45 — R B — S0Pk )
ERTiPURS e = InRa'ay) S0 I B S e M E A S
P, LA 5E 4 oA 2 O 2007 X T 35 1 4 B 2
HIECR A PRGBS R TE Y B R 58 h
WAFF) Ik, a0 SCHR [ 62 1 TERFSE 2 A K T i
TT#8 R Gt (8 Jy BRBE A FF K T 8 A B (] e
P40 S B I 45 B 5 3 A M e A bR
B T RS etk i — 2, BT
g 09 5 2%, DDA 02 0 — KA SR T R Ge Tk fe
M FB, SCHR[ 63 13 it e it —Fp 4 vh X U He S s
SCPRT SRS E SE YN B A ALLE A, T T
— PR, (R B AR A R R e AR T
TERE TR 64, SCHR[ 64 ] 18 1 X A i 1 —Fh (UK
R A5 B v B A B B ] — Bk

SCHR[ 65 |92t T —Fhor A =0 ot sr B 2P i =R
1 e 4 ) SR g, 335 FH T et 2 BB IR R 45
h T AN A B A, SCk[66 ] R T —
IS ARC SR Jey s B A A 750 5 ook 2 e B, I 38 ik 880
B BE R AR UEA FR A (] e, 2 ek 2D 1 A
PO BB T Zeno 170, 53— 71, B WK 3h 11
Tr AR T 6 RGeS R [, B B R R
W1, SCERL 67 ] 8% — 2 AR etk 2 ik ik R
Gt AR M AR T — b o A B B Bl 1 2% A2
2 =S PSR P AN e AR S LA Y

A\ R IR S AN TR AL S
SHARAE, AR DS BR 2R G2 TP B A BRI ] — 0 )
TERE TR
1.6 MBESBERPHN

FE SR AR R I v, 2R 490 T i 308 17 PR B8 AN B
FEPE SRS 2 AR T 2 M 2 G AR B
AR 2 A B R LRI O R X B AR AR
MAS By &5 %4 — Btk @ A B
SR,

38515 18 B AN 8 PR R SE N D i OGB4
O )2 — | JU R A7 TR0 15 W A RO 2 2% 1Y)
s, SCER[ 69 158 1 AN ff o 8 15 3145 T /Y —
75 IR 5] MAS [0 28 - 44— S [t 38 i >R 70 A
BT L8 T 2 PN ISR AT S50 Ul 308 5 W 7, 5 T
F BRI AL S, 23 5 45 T [ # N A AR
DT IR I 4 — B LT R — B A5
B Xl AT A MR R ME MAS R4, SCHR[ 70 ] 42
TRl B BRI S ASANRR AR RS R —
FPEPMSL, I A 1A IS 1 A [ R 1 55 PR M S
B AR ARSI B ARG 0 R 02 me) 7R
filt b, SCHR[ 71 ) o — 207058 1 BRI, fo e 41> hE
TRIHA 25 BRI A2 3G 25 IR UE ] 1 25 A e P o
Has 2 FBICT5 /N, W ZR Ge ] LAK 3 307 45 - IR
BE—2crE, B 1A RN S IR A sh S 1L
Wy — Bl ok TPk, SCER[ 72 T 0F59E T AE
H B /R AT e AR i A BE AL U e 4b |, % SRR
FTE] MAS 19— S0 ml, $857n 1 e n)—SEAT
N5 B R AT R FEE AR FRAR S AHOC Y DI T4
e . BEA R R I 5y — Rl DRy AR AN 5 2
S, 3CHR[ 73 ] X AT T WESE, 4300 25 T BEBILAN
e P EE RGO, FFl 1t Lyapunov PREIES: T
SRAE ) B 25 E AR 38 A0 {3 40 oxh — et PERE Y Y
FERZI

R T fRIE ) RE,  REAR B B I B SR sl A
T2 M P [ A S e — BOPEPE B I OGS R 3R T
LU 5 64 42 1) 7592 R AR A T A R g R SE B . S
K[ 74 5t X5 A7 72 AR TN AP HR L 2 I S g P ) 48 1
MAS, BB T FER LI &8 K Ak 1 2R GEAR S T g
7 A B DX ) O8I0 5 i 1T — AR Y A R
Sl EA T, B ZE A T AR i B R o O AR 5
BT RGRENE— 2, RIRE O TR B R
HMERYL BN 1 T — BRBE A — BOME R R R, S
BRL75 T4 1 —Bh oA 29 RS LI 5 , 12080
i M) 08 T Ay AR X i 5 B ) i A > e
PRI R AR S AN 2, JF 5 AT T T — 2tk
(ER7



- 66 - S NS D A N - ¢

557 %

FERR R R oG e LAt I 2R R Rl ik — 2P
BOR RGEAETR 3 AL A A R AR 4K R 6% 4t 4 i
P IR T3 T MAS py ] SE k2 OCE 2, SCHR[76 ]
i I Y — oA 2 A T AR L SRR R TR T
R A8 M I 8 0 RAN B 2 PR AR50 114 43 A =X 3
PIMSL . 0T BT ELA P PAE T 45 D s R340 2R i
B, SCHR[ 77 13t T —Fh 2 o0 A Xy 3 38 N A8 —
BOMEDM . TR AR 04 [R] e i R A A AR Sk
(78 1 TP T —F“ FERRH Al 11 — Bk hAESE
ZHESRAR T — AN B Al T AR R Al T OF R
FLAT R BRI 1 — O 4 ] 2 0 B0 25 2 ok O B
B, DA 2 RGN TS e A P R £ B IR T
MZETR,

5 RGN ER A BENLS RN, ok A SRR B
W28 B0t X R GE 2 A M J T B Ry IR ) S . FE 4
%55 (distributed denial of service, DoS) Xii & H
— RS (Y i D7 A, SCRR[ 79 JATSE T DoS el
YR A 2 A P R A R 3 ek o3 A A Y AR
FRFEEIR], T T RH I A 20 Af = i s il e
IR RE IR RE S TR B S e 2 — B, B IEF| K
T8 ATRER TN 2 FEAL I B0t SR, SCHR[ 80 T WF9E T
X T RE %k ST IR k7 3B A 2341 20 DoS Xt
S, I AR BB R 3 T 00 I % 100 4% Tl s e HR it
TR — ) e A, HBEPL DoS Tt 5 4K
TR I AEAE | 24— Bk AR5 f kS 4%, 3C
R 81 X e tbAT 1 o3 Ar, 4 i 1 —Fh 58 424341 01
LA BN, DLW X By 2K AT R A A T
M2 E PR, AT IARIESE T 4R O T B S A 2 FBE K 1)
B, SCHR [ 82 ] 56id 1 32 3 3 A1 2 46 ik
(distributed sequential scaling, DSS) X5 #% i FH £k
P MAS RGE, AR T — Bl 19 DSS Wi i
B AR R Bt et 1 T 1 0 s A A
fish AL R0 56 4 43 A 2 9 ) RS, S T A T R
Xof 4 R F M TSRS 1 [ s PR 2 4 — B
2 KKREZ

JEA IR CAFUR R BIEHESR (K 4)
AAES 0 T 2 B RO Y 2152 0 FH 5 5%
B A ERT T IR AE S WA, A R A A 504 ]
SIS IR R A HE T PR R AE , LA AT 55 I
A AE Dy Il [ A6 SR AY 3 M B RN S I
Pk AR B)— A OBFFE TS AR T A8 BB A% 1 %
AT R TEPR R G — 4 I IR HESE . Y HTY
SCHR SR 23 BT X388 A vy SRR Bl i AR

PO LA R 90 265 A ol 45 TR LR TR T
AR TT 58 (L IX B85 SR 22 AR R R Bl 175
N RET R — R0 G, SR, SRS
FRE R X SR AR R AR R A R EM RS
FEAER a0, — AR 26 IR 55 Tk vl e [R] i 2 3
{5 ST B S R 4 I A BT 48, T AU T 45 1
AN 25 BR ) RGeS S FRIE S RE T, BRI,
AR S W A0 X B — 2 SR Y “ A3 TR 27
MR R REW RGN 2 AR L, X
AMUERTE Lyapunov bR EUH) 18 Bl A — IRSTEE
PEoM BT REAER] I AL AN [RS8 8 MR IR 28 5
AN i N e WA TR L SO0 VoaN E B IV
Wits AEEAMENZ P AELE AT A LR T
AR AL B, B, Bt — 0
KA, Fefioh A B (BN SO T RGUIRAS i g
ARG ALk B2 W -5 Tl A A9 45 SR 47 3h 25 9
B TR PRAIE 2R 582 42 ] SR Y ] I, S B 5 B U
AOREARALAE BE, RFFE 0 F AR I i — & 5 i
FHRIGER B 22 4 B 8 7 42 ) BEE, il MAS R 4t
TE ] B BLSE R 5 o B A BUE BRI

R BRI B S WL S BOR TR A MAS
() P HE Bl U S B AU Y S B B A . A
SO R HMR 4 R 2B s T2 TR i P e
W , LT BEAR T %0 4 REAR Zh S R PR B 4L sl A
TURRERATIUR . 24 28 58 T A 2 2 M08 AN 5
FAAEIRARLANE B S B AR MR AL B AR 5207 1k
APERES B P REEE =R AL, ik, R BB
RV RGBS P B X, —Jr i, w] LAA
PR AL S SRR TERERLR RN B 58 4 2 A 1
OUT R REME T 5 BRI A 1 2 58 L ) B
LA DI TE] SRE G, LS B A 5 07 vk ) B A P RE A
brRo J5—J7 i, T LU B2 00 4 45 T R i 2
8 A UL g =8 47 1 2% , T B R I R TN
R AR RIAR L B 25 ul A iy A2 2R I sl 5, I
HARA B FERMESE R L B B + Bdls " IR &
PRI, SRR AR ) O ik B Ak
f MAS ZR Gty R 1o B Pk, BRI G ey o s 26 5k
THEE 8 T7 1 A B M B BEE PR RE R I, AR E
L AN B o O P B A 7 e S T = i
HE P B Fr) 2 ) R B ) 42 o R0 2, {91, 3 ek A i
18 T 2 RGN e i R ORIE AR 2 1, O]
22 Gt Alsr ) SRl Of 28 G A0 TR 30 7R P R 20
FRLIH RN B 1% 28 ST O 22 5 B 5T
2=



F12

Blidt , 5 . 2RV 2 RE IR R 5 — B MU SR id .67 -

B — sudE )
R )

S S i £ TR )
LT R R D

& AL E Y
SEA M X LR AR )

[ MAS—SCHE B

T AR 1O 750
ORA K
BEFRIEIR L i 28 % FL A By %)
BRI )

1 RS [F]— S B ]
B 5 5 3k B )
Pl 5 AR BEERIN )
ﬁﬁﬁ%ﬁf%ﬁ%

B4 —BiEmIzEs

Fig.4 Consensus protocol architecture

FAe B AF T T 0K DR AR 2 181 B <« — B0k [n]
AL 1) O g o B AR 2R A AT 55 )2 T A B I T A
W, YHETL R 2B R A T IR ST A R Re AR Y
R S BICE [A]— B, 3X BRI el 45 1 1Y)
FEA, (A N BB I 15 52 B N 3 AR ST K
KRB MAS F G0 T 4858 MU 0 R 53 A LAk
RARREE T Rt R 2 B 5 A 2 HbR Ll 5 x5,
DL RS IR I i S A B A R AT 55 X AT 551
FLFESAE T, AT B AR PR R SR AR AT 5, 1
JEBOREEAN RGNE R — AR, AT REIH I
Fh A 2R 9 Dy e sk B 2 R e Fehn . SRS
N Gk s il #e 5 o A X pu Al FgRie AR5
X 5 PSR A 25 A T IR B 2 SCR A N, %
THBENE KA 53 A 20 20 SR Ak m) A ) B[R] (ML, Bl 2
FE R T 2R 4 T S s LA Ak B Re A i) B 51
M E AR TR, MAh, B 2R 50 51 i 1 5
(R ReiRTE ) J) 2% ARIRGE ) AT55 B AR 5507 A7
FEME 2R, Qfar i T8 FH i P [ AE 42, 55 B ]
HARVERRIR Z 0] () TCEE UME , i E M IR R R
4i” (system of systems) , ¥ BLh — 1 EL Pk AR B
OB Jr ] o 3k BRSO RETE IS JZ 3 )
FETL I S AR E , A 2 ST 5
0% RN WS B N ES D BIEN

3 % %

ARICRGN I T LA [ A MAS — HE bl
WA AEIK S, UG T —E A BIE R . AL &
WA aE

1) RENEHIB W] LA MAS —ZrE DRl &
JEPIRR , MR T A B 5 B A A A LAl 00 ) 25 2
PRS2, DR H g S 2R I BRSE PR, 1B A0 A J A
A AR RPN 2T E M BRI A

2) RN T BB AR O J A, BRIV IE
SOCIWNI= BrylvAe NS X Lo V-2 IN TN Dty e R e
Fist M a5 R E i 5 A R BT A5 R BEHOR 1R R 3 ik
P28 ety e A R i L Sh P 3 S5 ) B2 TR, LR R
AR AIAY 55y TR S YA ) O T

3) VAN T IZ AU AT B B AR BCR O AT
REAETE T MAS 7 Z AR B0 AR BEAR S MF T S RS
PR, S 2R e R G S PRI BEE T RS LA

5% il

[1]CORTES J, BULLO F. Coordination and geometric optimization via
distributed dynamical systems [ J]. SIAM Journal on Control and
Optimization, 2005, 44(5) : 1543. DOI. 10. 1137/50363012903428652

[2]ZHANG Kai, LI Zhaoyan, ZHENG Weixing, et al. Fully distributed
formation flying control of multiple spacecraft by observer-based linear
output protocols[ J]. TEEE Transactions on Aerospace and Electronic
Systems, 2023, 59 (6): 9539. DOI. 10. 1109/TAES. 2023.
3321262

[3]ZHANG Qingyun, CHEN Fei, YUAN Jing, et al. Distributed
optimal control of multiagent systems under control variation cost[ J].
IEEE Transactions on Control of Network Systems, 2025, 12(1):
104. DOI; 10. 1109/TCNS. 2024. 3432948

[4]LIU Hongzhe, YU Wenwu, WEN Guanghui, et al. Distributed
algorithm over time-varying unbalanced graphs for optimization
problem subject to multiple local constraints[ J]. IEEE Transactions
on Control of Network Systems, 2025, 12(1) ; 387. DOI. 10. 1109/
TCNS. 2024. 3469048

[5]LIN Yuanqgi, LIN Peng, DONG Hairong. Consensus control for high-



- 68 - S NS D A N - ¢

557 %

order multiagent systems with multiple nonconvex state constraints
[J]. IEEE Transactions on Control of Network Systems, 2024,
11(4) . 1891. DOI: 10.1109/TCNS.2024.3367458
[6]ZHAO Wei, LU Jianquan, REN Fengli. Consensus of heterogeneous
multiagent networks under sparse attacks by integral-type observer
[J]. IEEE Transactions on Control of Network Systems, 2024,
11(4): 2064. DOI. 10.1109/TCNS. 2024. 3372689
[7]SADABADI M S, ATMAN M W S, AYNALA A, et al. Resilient
design of leader-follower consensus against cyber-attacks[ J]. IEEE
Transactions on Control of Network Systems, 2024, 11(2): 1080.
DOI. 10.1109/TCNS. 2023. 3332778
[8]fEEZ, H#Mh, Emlt, 55 B KRS 00— HEmR
R[], ABhibaA, 2025, 51(9): 1974
TANG Hongan, XIA Ziyi, WANG Lidan, et al. Research progress
on bipartite consensus of multi-agent systems[ J ]. Acta Automatica
Sinica, 2025, 51(9) : 1974. DOI. 10. 16383/j. aas. ¢240530
(9T T/NRI, ZE52h, BRa IR, 45, ZE T 2 E ik R 53
JepE b A AT BRI 1] — 2 — vk [T ], B 5 A, 2025,
42(10) : 1925
NING Xiaogang, LI Zonggang, CHEN Yinjuan, et al. Observer-
based dynamic event-triggered finite-time bipartite consensus for
multi-agent systems [ J ]. Control Theory & Applications, 2025,
42(10): 1925. DOI. 10.7641/CTA. 2025.40637
[10]LI Shaobao, WANG Juan, LUO Xiaoyuan, et al. A new framework
of consensus protocol design for complex multi-agent systems[ J].
Systems & Control Letters, 2011, 60 (1). 19. DOI. 10. 1016/
J- sysconle. 2010. 10. 003
[11 ]WIELAND P, KIM J S, SCHEU H, et al. On consensus in multi-
agent systems with linear high-order agents[ J]. IFAC Proceedings
Volumes, 2008, 41(2): 1541. DOI. 10. 3182/20080706 - 5 —
KR -1001.00263
[12]LI Zhongkui, DUAN Zhisheng, CHEN Guanrong, et al. Consensus
of multiagent systems and synchronization of complex networks: a
unified viewpoint[ J ]. IEEE Transactions on Circuits and Systems
I. Regular Papers, 2010, 57 (1) 213. DOI. 10. 1109/TCSI.
2009.2023937
[13]LI Zhongkui, LIU Xiangdong, LIN Peng, et al. Consensus of linear
multi-agent systems with reduced-order observer-based protocols
[J]. Systems & Control Letters, 2011, 60(7): 510. DOI; 10.
1016/j. sysconle. 2011. 04. 008
[14]ZHOU Bin, XU Chuanchuan, DUAN Guangren. Distributed and
truncated reduced-order observer based output feedback consensus
of multi-agent systems [ J |. IEEE Transactions on Automatic
Control, 2014, 59(8) : 2264. DOI. 10.1109/TAC. 2014.2301573
[15]LI Xianwei, SOH Y C, XIE Lihua. A novel reduced-order protocol
for consensus control of linear multiagent systems [ J]. IEEE
Transactions on Automatic Control, 2019, 64 (7). 3005. DOI.
10. 1109/TAC. 2018. 2876390
[16]ZHOU Bin, LIN Zongli. Consensus of high-order multi-agent
systems with large input and communication delays[J]. Automatica,
2014, 50(2) : 452. DOI. 10.1016/j. automatica. 2013. 12. 006
[17]SEO J H, SHIM H, BACK J. Consensus of high-order linear
systems using dynamic output feedback compensator; low gain
approach[ J]. Automatica, 2009, 45(11) ; 2659. DOI; 10. 1016/
J. automatica. 2009. 07. 022
[18]JPARK S, MARTINS N C. Design of distributed LTI observers for
state omniscience [ J ]. IEEE Transactions on Automatic Control,
2017, 62(2) : 561. DOI; 10.1109/TAC.2016. 2560766
[19]LIU Zhenwei, SABERI A, STOORVOGEL A A, et al. Global and

semi-global regulated state synchronization for homogeneous
networks of non-introspective agents in presence of input saturation-
a scale-free protocol design[ C]//2019 IEEE 58th Conference on
Decision and Control ( CDC). Nice: IEEE, 2020. 7307. DOI.
10. 1109/CDC40024. 2019. 9029648

[20]ZHAO Yu, WEN Guanghui, DUAN Zhisheng, et al. A new
observer-type consensus protocol for linear multi-agent dynamical
systems| C ]//Proceedings of the 30th Chinese Control Conference.
Yantai: IEEE, 2011 5975

[21 ]WEN Guanghui, ZHAO Yu, DUAN Zhisheng, et al. Containment
of higher-order multi-leader multi-agent systems: a dynamic output
approach[ J |. IEEE Transactions on Automatic Control, 2016,
61(4): 1135. DOI. 10.1109/TAC.2015.2465071

[22]LI Xianwei, SOH Y C, XIE Lihua. Output-feedback protocols
without controller interaction for consensus of homogeneous multi-
agent systems: a unified robust control view [ J]. Automatica,
2017, 81; 37. DOI: 10. 1016/j. automatica. 2017.03. 001

[23]ZHANG Kai, ZHOU Bin. Fully distributed and attack-immune
protocols for linear multiagent systems by linear time-varying
feedback[ J]. Automatica, 2025, 172; 112009. DOI; 10. 1016/
J. automatica. 2024. 112009

[24]ZHOU Bin, ZHANG Kai. Stabilization of linear systems with
multiple unknown time-varying input delays by linear time-varying
feedback[ J]. Automatica, 2025, 174 112175. DOI. 10. 1016/
j. automatica. 2025. 112175

[25]LU Di, ZHOU Bin, ZHANG Kai. Fully distributed leader-follower
consensus of multiagent systems by observer based linear time-
varying protocol [ J ]. Systems & Control Letters, 2026, 208 ;
106311. DOI:10. 1016/]j. sysconle. 2025. 106311

[26 ]PENG Zhengxiao, ZHOU Bin, ZHANG Kai. Fully distributed and
attack-immune consensus by distributed dual observer-based linear
time-varying output feedback [ J]. IEEE Control Systems Letters,
2025, 9: 2615. DOIL; 10. 1109/LCSYS. 2025. 3636206

[27 ] LI Zhongkui, WEN Guanghui, DUAN Zhisheng, et al. Designing
fully distributed consensus protocols for linear multi-agent systems
with directed graphs[ J]. IEEE Transactions on Automatic Control ,
2015, 60(4) . 1152. DOI; 10.1109/TAC.2014.2350391

[28 ]LV Yuezu, LI Zhongkui, DUAN Zhisheng, et al. Distributed
adaptive output feedback consensus protocols for linear systems on
directed graphs with a leader of bounded input[ J]. Automatica,
2016, 74 308. DOI. 10.1016/]. automatica. 2016. 07. 041

[29]XTAO Feng, WANG Long. Consensus protocols for discrete-time
multi-agent systems with time-varying delays [ J]. Automatica,
2008, 44(10) : 2577. DOI: 10. 1016/]. automatica. 2008. 02. 017

[30]TIAN Yuping, LIU Chenglin. Consensus of multi-agent systems
with diverse input and communication delays [ J ]. IEEE
Transactions on Automatic Control, 2008, 53 (9). 2122. DOI.
10. 1109/TAC. 2008. 930184

[31]SUN Yuangong, WANG Long. Consensus of multi-agent systems in
directed networks with nonuniform time-varying delays[ J]. IEEE
Transactions on Automatic Control, 2009, 54 (7). 1607. DOI.
10.1109/TAC. 2009.2017963

[32]HOU Wenying, FU Minyue, ZHANG Huanshui, et al. Consensus
conditions for general second-order multi-agent systems with
communication delay[ J]. Automatica, 2017, 75. 293. DOI. 10.
1016/j. automatica. 2016. 09. 042

[33]MUNZ U, PAPACHRISTODOULOU A, ALLGOWER F. Consensus in
multi-agent systems with coupling delays and switching topology

[J]. IEEE Transactions on Automatic Control, 2011, 56 (12):



F12

BEA, 4F . SRTE IR 27 REPR R — B e ik 69 -

2976. DOI. 10. 1109/TAC.2011.2161052

[34]WU Jian, SHI Yang. Consensus in multi-agent systems with random
delays governed by a Markov chain[ J]. Systems & Control Letters,
2011, 60(10) : 863. DOI: 10.1016/]j. sysconle. 2011.07.004

[35]WU Xiaotai, TANG Yang, CAO Jinde, et al. Distributed
consensus of stochastic delayed multi-agent systems under
asynchronous switching [ J ]. TEEE Transactions on Cybernetics,
2016, 46(8) : 1817. DOI; 10.1109/TCYB. 2015. 2453346

[36 ]ZHANG Haitao, CHEN M Z Q, STAN G B. Fast consensus via
predictive pinning control[ J]. IEEE Transactions on Circuits and
Systems I; Regular Papers, 2011, 58(9) . 2247. DOI. 10. 1109/
TCSI. 2011. 2123450

[37]FANG Huajing, WU Zhihai, WEI Jia. Improvement for consensus
performance of multi-agent systems based on weighted average
prediction[ J ]. IEEE Transactions on Automatic Control, 2012,
57(1):249. DOI. 10.1109/TAC.2011.2162892

[38 ] FERRARI-TRECATE G, GALBUSERA L, MARCIANDI M P E,
et al. Model predictive control schemes for consensus in multi-agent
systems with single-and double-integrator dynamics [ J ]. IEEE
Transactions on Automatic Control, 2009, 54 (11) . 2560. DOI.
10. 1109/TAC. 2009. 2031208

[39] YANG Xuefei, ZHOU Bin. Consensus of discrete-time multiagent
systems with input delays by truncated pseudo-predictor feedback
[J]. IEEE Transactions on Cybernetics, 2019, 49 (2). 505.
DOI: 10.1109/TCYB. 2017.2779120

[40]WANG Long, XIAO Feng. Finite-time consensus problems for
networks of dynamic agents[ J]. IEEE Transactions on Automatic
Control, 2010, 55(4): 950. DOI. 10.1109/TAC. 2010. 2041610

[41]CHEN Gang, LEWIS F L, XIE Lihua. Finite-time distributed
consensus via binary control protocols[ J]. Automatica, 2011, 47(9) .
1962. DOI; 10.1016/j. automatica. 2011.05.013

[42 LI Shihua, DU Haibo, LIN Xiangze. Finite-time consensus algorithm
for multi-agent systems with double-integrator dynamics [ J ].
Automatica, 2011, 47(8): 1706. DOI. 10. 1016/]. automatica.
2011.02.045

[43]YU Hui, SHEN Yanjun, XIA Xiaohua. Adaptive finite-time
consensus in multi-agent networks[ J]. Systems & Control Letters,
2013, 62(10) ; 880. DOI; 10. 1016/]. sysconle. 2013.06. 011

[44]MENG Deyuan, JIA Yingmin, DU Junping. Finite-time consensus
for multiagent systems with cooperative and antagonistic interactions
[J]. IEEE Transactions on Neural Networks and Learning Systems,
2016, 27(4): 762. DOI.10. 1109/TNNLS. 2015. 2424225

[45]ZHOU Yuan, LIU Yongfang, ZHAO Yu. Prescribed-time bipartite
consensus formation control for general linear multi-agent systems
[C]//IECON 2020 The 46th Annual Conference of the IEEE
Industrial Electronics Society. Singapore: IEEE, 2020: 3562.
DOI: 10.1109/IECON43393. 2020. 9255056

[46]ZANG Jianpeng, CHEN Xia. Practical prescribed-time event-
triggered bipartite consensus of linear multi-agent systems [ J].
IEEE Access, 2020, 8: 199664. DOI. 10.1109/ACCESS. 2020.
3035420

[47]OLFATI-SABER R, FAX J A, MURRAY R M. Consensus and
cooperation in networked multi-agent systems[ J]. Proceedings of
the IEEE, 2007, 95 (1): 215. DOI. 10. 1109/JPROC. 2006.
887293

[48 ]MA Cuiqin, ZHANG Jifeng. Necessary and sufficient conditions for
consensusability of linear multi-agent systems [ J |]. IEEE
Transactions on Automatic Control, 2010, 55 (5): 1263. DOI.
10. 1109/TAC. 2010. 2042764

[49]LU Di, ZHOU Bin. A unified architecture of observer based
distributed consensus protocols for multi-agent systems [ J ].
Submitted for Publication, 2025

[50 ]ZHANG Kai, ZHOU Bin, YANG Xuefei, et al. Prescribed-time
leader-following consensus of linear multi-agent systems by bounded
linear time-varying protocols [ J ]. Science China Information
Sciences, 2023, 67(1): 112201. DOI: 10.1007/s11432 - 022 -
3685-3

[51]NI Wei, CHENG Daizhan. Leader-following consensus of multi-
agent systems under fixed and switching topologies [ J]. Systems &
Control Letters, 2010, 59(3/4) : 209. DOI; 10. 1016/]. sysconle.
2010.01. 006

[52]CHENG Bin, LI Zhongkui. Fully distributed event-triggered
protocols for linear multiagent networks [ J]. IEEE Transactions on
Automatic Control, 2019, 64 (4) . 1655. DOI. 10. 1109/TAC.
2018.2857723

[53 ]LI Xianwei, TANG Yang, KARIMI H R. Consensus of multi-agent
systems via fully distributed event-triggered control [ J]. Automatica,
2020, 116 108898. DOI: 10.1016/]. automatica. 2020. 108898

[54]WANG Xiaoling, SU Housheng, WANG Xiaofan, et al. Fully
distributed event-triggered semiglobal consensus of multi-agent
systems with input saturation[ J]. TEEE Transactions on Industrial
Electronics, 2017, 64 (6): 5055. DOI. 10. 1109/TIE. 2016.
2642879

[55]WANG Qiang, LI Shifen, HE Wangli, et al. Fully distributed
event-triggered bipartite consensus of linear multi-agent systems with
quantized communication[ J]. IEEE Transactions on Circuits and
Systems II; Express Briefs, 2022, 69(7) : 3234. DOI. 10. 1109/
TCSIL. 2022. 3154465

[56 ]DENG Jia, WANG Fuyong, LIU Zhongxin, et al. Fully distributed
consensus control for a class of disturbed linear multi-agent systems
over event-triggered communication [ J ]. IEEE Transactions on
Signal and Information Processing Over Networks, 2024, 10, 205.
DOI;10. 1109/TSIPN. 2024. 3375612

[57]WANG He, REN Wei, YU Wenwu, et al. Fully distributed
consensus control for a class of disturbed second-order multi-agent
systems with directed networks [ J ]. Automatica, 2021, 132.
109816. DOI. 10.1016/]. automatica. 2021. 109816

[58]8kfh, kP, RHER, &, WREMNT AE NIk 2
BRER R — B S [)]. B TR 2 SRl 2025,
49(4) . 472
QIAN Wei, ZHANG Shuyuan, WU Yanmin, et al. Adaptive event-
triggered  consensus  control  of multi-agent  systems  with
communication time-delay [ J]. Journal of Nanjing University of
Science and Technology, 2025, 49 (4). 472. DOI. 10. 14177/
J. enki. 32 = 1397n. 2025. 49. 04. 009

[59]HU Wenfeng, LIU Lu, FENG Gang. Consensus of linear multi-
agent systems by distributed event-triggered strategy [ J . IEEE
Transactions on Cybernetics, 2016, 46(1) . 148. DOI. 10.1109/
TCYB. 2015. 2398892

[60]DENG Chao, YANG Guanghong. Leaderless and leader-following
consensus of linear multi-agent systems with distributed event-
triggered estimators [ J |. Journal of the Franklin Institute, 2019,
356(1):309. DOI: 10. 1016/j. jfranklin. 2018. 10. 001

[61]NING Boda, HAN Qinglong. Prescribed finite-time consensus
tracking for multiagent systems with nonholonomic chained-form
dynamics[ J]. IEEE Transactions on Automatic Control, 2019,
64(4): 1686. DOI. 10.1109/TAC.2018. 2852605

[62]LI Shihua, WANG Xiangyu. Finite-time consensus and collision



70 - S NS D A N - ¢

557 %

avoidance control algorithms for multiple AUVs[J]. Automatica,
2013, 49(11) : 3359. DOI: 10. 1016/j. automatica. 2013. 08. 003

[63]LIU Xiaoyang, LAM J, YU Wenwu, et al. Finite-time consensus of
multiagent systems with a switching protocol [ J ]. IEEE
Transactions on Neural Networks and Learning Systems, 2016,
27(4): 853. DOI. 10. 1109/TNNLS. 2015. 2425933

[64]DU Haibo, WEN Guanghui, CHEN Guanrong, et al. A distributed
finite-time consensus algorithm for higher-order leaderless and
leader-following multiagent systems [ J ]. IEEE Transactions on
Systems, Man, and Cybernetics; Systems, 2017, 47 (7). 1625.
DOI: 10.1109/TSMC. 2017. 2651899

[65]CAO Zhengran, LI Chuandong, WANG Xin, et al. Finite-time
consensus of linear multi-agent system via distributed event-
triggered strategy [ J . Journal of the Franklin Institute, 2018,
355(3): 1338. DOI: 10.1016/j. jfranklin. 2017. 12. 026

[66]DU Changkun, LIU Xiangdong, REN Wei, et al. Finite-time
consensus for linear multiagent systems via event-triggered strategy
without continuous communication [ J ]. IEEE Transactions on
Control of Network Systems, 2020, 7(1). 19. DOI. 10. 1109/
TCNS. 2019. 2914409

[67]BU Xuhui, ZHU Panpan, HOU Zhongsheng, et al. Finite-time
consensus for linear multi-agent systems using data-driven terminal
ILC[J]. IEEE Transactions on Circuits and Systems II. Express
Briefs, 2020, 67 (10): 2029. DOI: 10. 1109/TCSII. 2019.
2944409

[68] F&IAL, TR, skih. MRTE T 2R RGE —Bk% 4
SERFAP ISR T W H S, 2025, 40(11) : 3201
LU Jianquan, XING Mengping, ZHANG Jing. A survey on secure
and privacy protection of multi-agent systems consensus under cyber
attacks[ J]. Control and Decision, 2025, 40 (11): 3201. DOI.
10. 13195/j. kzyje. 2025. 0291

[69]LI Tao, ZHANG Jifeng. Consensus conditions of multi-agent
systems with time-varying topologies and stochastic communication
noises[ J]. IEEE Transactions on Automatic Control, 2010, 55(9):
2043. DOI: 10.1109/TAC. 2010.2042982

[70]CHENG Long, HOU Zengguang, TAN Min. A mean square
consensus  protocol  for linear multi-agent  systems  with
communication noises and fixed topologies[ J]. IEEE Transactions
on Automatic Control, 2014, 59 (1) 261. DOI. 10. 1109/TAC.
2013.2270873

[71]CHENG Long, WANG Yunpen, REN Wei, et al. On convergence
rate of leader-following consensus of linear multi-agent systems with
communication noises [ J |. IEEE Transactions on Automatic
Control, 2016, 61 (11 ). 3586. DOI. 10. 1109/TAC. 2016.
2522647

[72]YOU Keyou, LI Zhongkui, XIE Lihua. Consensus condition for
linear multi-agent systems over randomly switching topologies[ J].

Automatica, 2013, 49(10) : 3125. DOI: 10. 1016/j. automatica.

2013.07.024

[73]ZHANG Wenbing, TANG Yang, HUANG Tingwen, et al.
Sampled-data consensus of linear multi-agent systems with packet
losses[ J]. IEEE Transactions on Neural Networks and Learning
Systems, 2017, 28 (11) . 2516. DOI. 10. 1109/TNNLS. 2016.
2598243

[74]MA Li, ZHU Fanglai, ZHANG Jiancheng, et al. Leader-follower
asymptotic consensus control of multiagent systems:; an observer-
based disturbance reconstruction approach[ J]. IEEE Transactions
on Cybemetics, 2023, 53 (2). 1311. DOI. 10. 1109/TCYB.
2021.3125332

[75]CAO Weijun, ZHANG Jinhui, REN Wei.
consensus of linear multi-agent systems with unknown external
disturbances[ J]. Systems & Control Letters, 2015, 82: 64. DOI.
10.1016/]. sysconle. 2015.05. 007

[76 ]CHEN Shun, HO D W C, LI Lulu, et al. Fault-tolerant consensus

Leader-follower

of multi-agent system with distributed adaptive protocol[ J]. IEEE
Transactions on Cybernetics, 2015, 45 (10). 2142. DOI. 10.
1109/TCYB. 2014. 2366204

[77]LI Xiayang, WANG Jinzhi. Fully distributed fault-tolerant leaderless
consensus of multi-agent systems under directed communication
graph[J]. IEEE Transactions on Network Science and Engineering,
2023, 10(2) : 1049. DOI: 10.1109/TNSE. 2022. 3226540

[781JU Yamei, DING Derui, HE Xiao, et al. Consensus control of
multi-agent systems using fault-estimation-in-the-loop: dynamic
event-triggered case[ J]. IEEE/CAA Journal of Automatica Sinica,
2022, 9(8) : 1440. DOI. 10.1109/JAS.2021. 1004386

[79]FENG Zhi, HU Guoqiang. Distributed secure average consensus for
linear multi-agent systems under DoS attacks [ C]//2017 American
Control Conference ( ACC). Seattle; IEEE, 2017 2261. DOI;
10.23919/ACC. 2017.7963289

[80]LU Anyang, YANG Guanghong. Distributed consensus control for
multi-agent systems under denial-of-service [ J ]. Information
Sciences, 2018, 439/440. 95. DOI. 10. 1016/j. ins. 2018. 02.
008

[81]WANG Jingyao, LI Yige, DUAN Zhisheng, et al. A fully
distributed robust secure consensus protocol for linear multi-agent
systems[ J]. IEEE Transactions on Circuits and Systems Il Express
Briefs, 2022, 69 (7): 3264. DOI. 10. 1109/TCSII. 2022.
3153698

[82]HE Wangli, LI Shifen, GE Xiaohua, et al. Secure fully distributed
event-triggered consensus of multi-agent systems against distributed
sequential scaling attacks [ J ]. IEEE Transactions on Industrial
Informatics, 2024, 20 (2). 1764. DOI. 10. 1109/TII. 2023.
3281662

(%38 7k 4)



