International Journal of Network Dynamics and Intelligence =cilight

Article
Probability-Guaranteed Consensus Control for Nonlinear
Multi-Agent Systems Under Bit Flips

Shuo Yuan, Lifeng Ma, and Chen Gao *

School of Automation, Nanjing University of Science and Technology, Nanjing 210094, China
* Correspondence: chengao@njust.edu.cn

Received: 26 May 2025
Accepted: 2 July 2025
Published: 18 September 2025

Abstract: In this paper, the consensus control problem for discrete multi-agent systems is investigated in
the presence of bit flips. First, a bit-rate allocation model with a finite number of bytes, together with an
encoding-decoding scheme, is constructed to depict the constraints of bandwidth limitations. Then, a
Bernoulli distribution is introduced to characterize the stochastic bit flips, while the impacts of bit flips
on encoding-decoding processes are systematically analyzed by leveraging stochastic analysis theory. A
novel control framework is proposed within a probabilistic ellipsoidal constraint, ensuring robustness
against bit errors and nonlinear dynamics. By virtue of linear matrix inequalities (LMIs), sufficient
conditions for the controller are derived to ensure probability-guaranteed consensus. Finally, the
effectiveness of the designed controller is illustrated via numerical simulations, confirming its practical
applicability in networked control systems with unreliable communication channels.

Keywords: nonlinear multi-agent systems; probability-guaranteed consensus control; uniform
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1. Introduction

Multi-agent systems (MASs) consist of multiple autonomous agents that cooperate and communicate to achieve
a global objective. Ensuring consistency within MAS:s is a key challenge, as agents must align their actions and states
despite having limited local information. Consensus control in MASs involves designing strategies that enable agents
to synchronize or agree on certain parameters, such as position and velocity, despite their decentralized nature [1-9].
This coordination is crucial for tasks in dynamic and uncertain environments, ensuring robust performance and
resilience to faults or disturbances. Therefore, consensus control plays a vital role in the scalability and adaptability of
MAS:s in real-world applications [ 10, 11].

In engineering practice, MASs are often subjected to stochastic disturbances such as communication noise, data
loss, and uncertainties in dynamic environments[ 12—14]. Traditional control methods typically assume a deterministic
system model and require that the system states strictly reach or maintain the desired values. However, in stochastic
environments, such strict requirements are often unrealistic and can lead to significant design challenges and
increased computational complexity [15, 16]. The probability-guaranteed control design reformulates control problems
by aiming to achieve the desired system behavior with a certain probability under random conditions. Unlike
traditional deterministic designs, the probability-guaranteed design relaxes the performance requirements by specifying
that the system should meet the expected behavior within a given probability range, thus avoiding overly stringent
constraints. This approach not only makes the design more feasible in uncertain environments but also provides
greater flexibility to optimize other performance metrics. For example, in Ref. [17], a self-triggered model predictive
control protocol has been proposed for MASs with uncertainty, transforming probability constraints into deterministic
ones using Cantelli's inequality, ensuring system stability and recursive feasibility. A distributed stochastic MPC
approach has been introduced for dynamically coupled linear systems under cumulative disturbances, ensuring
recursive feasibility and meeting probability constraints through a data-driven method [18]. A data-driven robust
predictive control algorithm has been developed for stochastic systems, achieving a higher probability of constraint

Copyright: © 2025 by the authors. This is an open access article under the terms and conditions of the Creative
BY Commons Attribution (CC BY) license https://creativecommons.org/licenses/by/4.0/.

https://www.sciltp.com/journals/ijndi


mailto:chengao@njust.edu.cn
mailto:chengao@njust.edu.cn
https://creativecommons.org/licenses/by/4.0/
https://www.sciltp.com/journals/ijndi

1JNDI, 2025, 4, 100020. https:/doi.org/10.53941/ijndi.2025.100020

satisfaction compared to traditional methods [19].

Network resources in MASs are often limited due to constraints such as network bandwidth, transmission bit
rates, and energy availability. Encoding-decoding mechanisms provide an effective approach to address these limitations
by mapping continuous or high-resolution information into finite-bit digital signals. In this context, the privacy
protection in distributed consensus control has been examined for second-order MASs with limited communication
channel capacity and partial state observability [20]. Specifically, quantization techniques have been applied to
address communication constraints, a dynamic encoding-decoding strategy has been developed for estimating the
real-valued states of neighboring agents, and in addition, a differentially private consensus algorithm has been
proposed to safeguard privacy. In Ref. [21], the synchronization issue has been investigated for linear MASs with
unmeasurable states under limited communication rates and switching topologies, where a quantized observer-based
coding-decoding scheme as well as a control protocol has been introduced based on the principle of deterministic
equivalence. Moreover, the leader-follower consensus problem has been addressed for discrete nonlinear MASs
under switching topologies and limited bandwidth in [22], where a distributed feedback controller has been proposed
to minimize data transmission at each time step while ensuring the quantizer does not saturate.

In this paper, the probability-guaranteed consensus control problem is investigated for a class of time-varying
stochastic nonlinear MASs. The proposed system model integrates stochastic nonlinear dynamics and addresses
practical challenges such as unknown noise and sensor saturation. The main contributions are as follows: 1) a novel
probability-guaranteed consensus criterion is proposed to address stochastic nonlinear dynamics and bit flips; 2) a
comprehensive model is developed by integrating bit-rate constraints, encoding-decoding mechanisms, and sensor
saturation effects; and 3) a mathematical model is formulated to characterize bit flips in binary codewords, enabling
quantitative evaluation of their impacts on decoding accuracy and control performance.

Notation: R denotes the set of real numbers, and R”" represents the n-dimensional Euclidean space. R™"
stands for the set of all m X n real matrices. 1, denotes an n-dimensional column vector with all entries equal to 1,
and [, represents the n-dimensional identity matrix. The notation col,{b;} refers to the column vector
[b],b7,---,bT]T. diagf---} indicates a block diagonal matrix, and diag, {A;} represents the block diagonal matrix
diag{A,A;,---,A,}. A>0 (or A=0) means that the matrix A is positive definite (or positive semi-definite). The
symbol ® is used to denote the Kronecker product of matrices. The symbol * refers to the symmetric block in a
symmetric block matrix. E{x} represents the mathematical expectation of the random variable x, and Var{x} denotes
the variance of x. P{Q)} is the probability of event Q occurring. B(-) and B~!'(-) represent the binaryization and
inverse binaryization functions, respectively. sign(-) denotes the sign function.

2. Problem Formulation

Consider an MAS consisting of N agents. The communication topology between agents is represented by a
fixed undirected graph ® = (3,€,H), where B ={1,2,---,N} is the set of nodes, € is the set of edges, and
$ =[h;;] e RMV is a symmetric weighted adjacency matrix. If there is a communication link between agent i and
agent j, i.e., edge (i, j) € €, then h;; > 0; otherwise, h;; = 0. The agents are assumed to have no self-connections,

. N
meaning that ; = 0. In addition, the in-degree of node i is defined as degj, = ZFI hij, the in-degree matrix is
D 2 diagy{deg} }, and the topology matrix is H £ $ - D.

2.1. System Model

Consider a class of discrete time-varying MASs represented as follows:

(M

{ Xikr1 = ArXig + Bruti + Dyw; + f(Xix)
Yik = G(Crxi) + Exvig

where i € B, x;; € R", u;;, € R” and y;; € R™ represent the state, control input and measurement output of agent i,
respectively. The process noise w;; € R and measurement noise v;; € R" are also considered. The time-varying
matrices Ay, Bx, Ci, Dy and E; are known and appropriately dimensioned. Let f;; = f(x;x) denote a nonlinear
function of the state. The stochastic nonlinear function f;; possesses the following statistical properties:

E{fixlxix} = 0,
E{ fiuf xlxix} = 0

T
E{firfllxiy <> Qus(x Tuxxie)
=1

i+j

o

2

where s=0 is a known integer, Q;;=0 and I;;,=0 are known matrices with compatible dimensions. The
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unknown but bounded noises w;,; and v;; are confined within ellipsoids W;; and V;; defined as:

Wi k GW,k = {(,L),k wlkaw,k\l}
3)
Vi,kevi,k={vi,k:vlk kvzk\l}
where W, > 0 and V;; > 0 are compatible matrices.
Definition 1: Given appropriately dimensioned matrices 7; and 7, such that 7 —7; > 0. If the following
condition holds:

(5(x) = 710" ((x) - LX) <O, “

then D(-) is called a sector-bounded nonlinear function and belongs to the interval [7;, T;].
Since sensors have a limited measurement range, when the parameter being measured exceeds the sensor's
range, saturation occurs. The saturation function G(-) is defined as follows:

G 2 60 G - GO Q)

where G (nff = s1gn(77(1))min{im(’) (’) }(le{l,2,---,m}),and EIREI) > 0 is the value of the saturation boundary.
It is known that for approprlately dimensioned dlagonal matrices 7| and T, satisfying 0T <1, <T),, the
saturation function G(C;.x;;) can be transformed into the following form:

G(Crxip) = T Crxig + h(Crxix) (6)

where h(Cyx;;) is a sector-bounded nonlinear function that belongs to the interval [0,7], with T =T, —T,. The
function A(Cx;,) satisfies:

R (Crxig) (M(Crxig) = T Crxiy) <O. @)

2.2. Bit-rate Constraint

In practical wireless communication networks, the communication resources available to agents are often limited
due to network bandwidth. The available bandwidth determines the bit-rate, which refers to the amount of data that
can be transmitted per instance. In such cases, transmitting large volumes of data can lead to network congestion or
prolonged encoding and decoding times, which negatively impacts the control performance of MASs. Therefore,
studying the consensus control problem of MASs under bit-rate constraints is of considerable practical significance.

Based on the above background, we considers the scenario where agent communication is subject to bit-rate
constraints. Specifically, agent i uses binary signals to transmit codewords, and the length of each codeword at each
time is R; bits.The encoder encodes each of the m components of the input signal, and the m codewords together
form the content of the data payload. To ensure the optimal utilization of available bandwidth and the efficient
transmission of data, agent i allocates Y; bits to the m components, satisfying the Equation

Ri = in. (8)

2.3. Encoding-Decoding Mechanism
In what follows, a uniform-quantizers-based communication mechanism is introduced for each agent. The
quantizer Q;(-) is defined as follows:
T
oim=1[ am™) ¢@®) - q®n™) ] ©)
where 7 €R™ is the input signal to the quantizer, and the quantization function g;(n“) for each component
(t=1,2,--- ,m)is as follows:
_Mi7 1f77(1) € (_OO _Ml)
. 28;—1 M
ai(n”) = F BB DOM: oo ey (10)
Mylm@emgm)

A 2 [ I)M i
where the quantization range [-M;, M;) is divided into «; intervals, denoted as Rp.= | —M;+ (ﬂT,
2B ’

l

quantization process is shown in Figure 1.

-M;+

l), where B; corresponds to the quantization level of 7V, with 8;=1,2,---,a,. A diagram of the
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Figure 1. Quantification Diagram.

The quantization error is defined as e;x = y;x — Qi(yix). From Equation (10), we can derive the following
inequality:

M;
Mﬂ<a7 (=1,2,---,m. (11)

1

Next, the encoder and decoder are designed one by one.
Encoder:

ai(Qi(yix) + Mi) - Mi
2M;

ik = (12)
where ¢; represents the encoder's output, and @; and M; are the parameters related to the quantizer in Equation (10).
Additionally, M; = M;1,,. The encoder maps the m quantization levels corresponding to the components of y;; into
codewords of mY; bits each. Considering the bit rate constraint in Equation (8), we have

a; =2" (13)

Decoder:

_ Q¢+ 1M,
5= it S0 DML (14)
Qa;
where J;, represents the output of the decoder. By substituting Equation (12) into the decoding process defined in
Equation (14), we can straightforwardly deduce that 3, = Q:(yix).

2.4, Bit Flips

In engineering practice, the output of the encoder is typically transmitted through a wireless digital communication
network in the form of binary codewords. However, during transmission, due to factors such as channel noise and
multi-user interference, bit flips may occur. This refers to the phenomenon where certain bits in the binary codeword
undergo a 0—1 flip. Such bit flips not only reduce decoding accuracy but may also have a significant negative
impact on the system’s control performance. Therefore, investigating the issue of bit flips under encoding and
decoding mechanisms holds both theoretical and practical importance.

To simplify the problem description, we first consider the case where the dimension of y;; is m = 1. In this
case, both the encoder output ¢, and the decoder output y;, have a dimension of 1.

Let the binary codeword of ¢; ;. be:

¢f‘7,§<n = B(#ix) = by, > bir2,bin1) (15)

where by € {0, 1} represents the s-th bit of ¢f’j§’ from the least significant bit to the most significant bit, with
se{l,2,--- .Y}
As shown in Figure 2, after transmission through an unstable communication network, the bit values of each

position in ¢ﬁ " may undergo bit flips with a certain probability. The transmitted codeword is denoted as:

A

¢sz 2 by, b bir) (16)
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where B,-k,s €{0, 1} represents the s-th bit of q@f’}j’ from the least significant bit to the most significant bit, with
s€f{l,2,---,Y;}. The bit value f),»k,.g satisfies:

~

bik,s = pi,s(] _bik,s)+(1 _pi,s)bik,s (17)

where the random variable p;, follows a Bernoulli distribution with parameter p; € (0,1). Additionally, it satisfies
E{pisPjs) =BPpisPjs)si # Jo 51,52 €{1,2,---,Y;}. The variable p;, describes whether a bit flip occurs in by, as
expressed below:

{ Pip;, =1} = p;, bis flips (18)
1-pi, by, remains unchanged

Define ¢y = B~'(¢%"). The encoder performs inverse binary conversion on the received codeword ¢% to
obtain ¢, ;, which is then substituted into Equation (14) to determine the actual output of the decoder.

Vig=—M;+ M
v
" p s—1
=-M, + (ZZS:lbik,Q +1> M,

Y; ai
(E a2+ 1) M,
=—M+ = )

Qa;

(19)

Based on the above bit flip model, this chapter presents the following lemma:
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o
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bin
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Figure 2. System Communication Block Diagram

Lemma 1: For the coding and decoding mechanisms given by (12) and (14), after transmission through a
communication network with a bit flip probability of p;, the decoded value J;; has the following statistical
properties:

E{yi} = (1 =2p)gq(is),
22% '

- 4 _
Var{yii} = gl’i(l - Pi)

Extend the above conclusion to the case where the dimension of y;; is m=1. In this case, agent i encodes the
m components of the dimension of y;; separately, with the encoder input and output given by

v =[o% 0% ] an
o =[ 4l o3 - el ]

Correspondingly, the encoder’s received and decoded values are
bu =Ly T )
S =90 58 - W1

Based on Lemma 1, it is obvious that
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E{fir} = (1 =2p)OWis)s

oy 4 _ MPQ2-1)
Var(§is) = 3 5l = p)——37—

tef{l,2,---,m}.
Define
L4 _ M2 -1)
A= gl’i(l —Pi)T.
Based on the above statistical properties, y;; can be expressed in the following form:
Vik = (1 =2p)Oyir) +Vik

(1) (2) (m) ()

T
A . . . .
where Yix = [ Yie Yik 0 VYik ] , and y;; is a random variable with zero mean and variance A;, ¢

2, ,m).
2.5. Design Objective

The control protocol of the agents is constructed as follows:
N N
i = K Z hij3jx = yik) = Ki Z hijxix
j=1 J=1

where K; is the feedback control gain to be designed.
Substituting (27) into (1), we obtain:

Xk+1 = Akxk + Bka + Dka)k +f}(
where

x~k £ COIN{xi,k}’ ~Xk = COlN{X[’]i}, Wy é~(:01N{a)i,k}a
Ak £ IN ®Ak, Kk 2 BkKk’ Bk = IN®Kkv
Dy 2 Iy®Dy,  fi = colyifir).

Define the average state of N agents as

N
. 1 1
@:E{NZ;W}zE{Na;®An&.
Combining (28), we can obtain
1 1 .
X1 =E {N(I% ®In)xk+1} =A%+ v (13 ® Ki) xx-
Definition 2: The ellipsoid Q(c,€) € R” is defined as follows:

QAc,®) = {x eR": (x-o)C (x-0)<1 }

where ¢ € R” is the center of the ellipsoid, and the matrix € € R™" characterizes the shape of the ellipsoid.
Assumption 1: The initial states x;, of all agents satisfy the following constraint:

Yo = (xip— )_CO)TPBI(XLO —Xp)=l1

where P is a known positive definite matrix.

(23)

24)

(25)

(26)

efl,

27)

(28)

(29)

(30)

G

(32)

The consensus control objective of the MASs is that all agents can have their states constrained within the given

ellipsoid range with a probability no less than p, that is, x;; satisfies the following probabilistic ellipsoid constraint:

P{xix € QX A} =p
or
P{(xix— %) AL (i — X) <1} =p
where 0 < p < 1 is a given probability value, and A; > 0 is a given constraint matrix.
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3. Main Results

In this section, sufficient conditions to ensure that the MAS (1) can achieve the consensus control objective (33)
will be presented.

First, based on the consensus control objective (33), the following probability-guaranteed lemma holds.
Lemma 2: If ¥ 2 B{ (x; — )" P (xix — %) } <1, then the following inequality holds:

P{xi,k € Q()_Ck,l\k)} =p (35)
where,
P = ! A (36)
EE T
3.1. Consensus Analysis
Define the following matrices:
0, [O -~ 0L 0 - 0], t={n,m,q,w,v},
, i1 Nei

Vi = coly{yir), vk = colyfvig), Ci 2 Iy®Cy,
ex = colyfeir), yi = colylyi), P2 diagy{pila),

R2Iy— 131y, Fi 2 -2P(RH1}) (KT C)),
Cr £ In® (AcLy) + H & (K T1 Ci L) — 2P(R$) ® (K T1 Ci L)),
Te2 QP-1)(RHI®KY), Si2HOK—2P(RH)®Ky),
U= (RO)®Ky, &= HR(KLEY) —2P(RH)®(KLEy)).

Theorem 1: Consider the MAS (1) under the encoding-decoding mechanism, given a sequence of positive definite
matrices {Py)i=o. If there exist non-negative scalars {o'ilk), a‘ﬁﬁf, 0'5,3,3, o-ﬁj(), O'Ei),af,g, o’ } =0 and real matrices
{Ki}i=0 (i € V) that satisfy

—@; QOZ@IJ } <
|:()0k®n,i =Py =0 37)

where

N
@, £ diag(1,0,0,0,0,0,0,0}+ > _ (¢TI + Y + oI + 0TI
i=1
+o 5 Wig + 033 Vir) + 0 (diag{0,0,0,0,0,0,0, Ly} — 8T Rp),
I} = diag{-1,0],0,,,0,0,0,0,0,0},
M3 2 [-Ax@(TC)X — Uy (TCly))],
2
@;

T 2 diag{-1,0,0,
i,k lag{ mM?

®;l;,i®w,i5 07 0’ 0}’

1
17 £ diag{-1,0,0,0,—O" 0,,,,0,0,0},
5 m/l fl

_ . ; (38)
Wi 2 diag{~1,0,0,0,0T ,W;'®,.,,0,0},

V..  diag{~1,0,0,0,0,0,07,V;1'®,,,0},
Ne 2 [Ty ® L)% T(Iy®Ly) 0 0 0 0],

[ £ 7T, [ diag, > T},

=1

0 % *
ng?;é% 0% 2Ly « |
0 0 0

L, is a decomposition matrix of Py, ie., Py = LkLZ. Then, the MAS can achieve the consensus control
objective (33).
Proof: First, based on (26) and (27), we can obtain
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N
Xik = Z hij (s = yix)

J=1

N
= (1 =2p )00 ) + 7k = Vi)

b (39)
=D hif((1=2p )ik =€) + ik = Yis)

=1

v N N N
=D hijOx—yiK) —2p; Zhijyj,k +(2p;j—-1) Zhijej,k + thﬂ’j,k-

e =1 =1 =1

The above Equation can be further expressed as
Xk = (H®Im - 2?(S§®Im))yk + (ZP - 1)(55®Im)ek + (35®1n1)7k
=M &1L, =2P(H® 1)Uy & (T1CO)Xic + b+ (Iy ® Er)vic)
+2P-1)(S®L)e+ (SO L)Yk ) (40)
=(H&(T1CY) =2P(H (T CONxi + (H &L =2P(H® L)
+(HQE—2P(HQE))vi + 2P - 1)(H®L)ex + (H® L)y

Define the difference between the state x;, and the average state X, as

N _
Xik = Xig = Xks

X = coly{Xi). 1)
According to (28), (30), (40) and (41), we obtain
Xrat = Xper — (Iy @ 1) Xy |
= Axi+ fi+ By + Diwi — (Iy ® 1) A Xy — N(lle ® K (42)

= (A + HR(K, T Cr) —2P(RH) ® (K, T Ci)))xi + Sehy + Exvi
+ﬁek +L{k7k + Dkwk + ﬁ( - (lN ®]n)Ak)_Ck-

The proof of Theorem 1 will proceed by mathematical induction.

First, when k = 0, we have ¥,<1 by Assumption 1.

Next, assume that for k>0, ¥, <1 holds. We are going to prove that ¥, <1 also holds under this
assumption.

It is known that

E{ (i — %) P (g — ROV 1, (43)
is satisfied, then there exists z;;, € R? such that E{zzkz,-,k}g 1, and
Xig = X + LyZig. (44)
Let z; = coly{z;x}. Combining (44), we get
X = Ay & L,) X + (Iy ® Li)zy. (45)
Substituting (45) into (42), we can obtain

Tt = (Iy® A —2P(RH1Y) @ (K Ty CN X + (Iy ® (A Ly)
+H @ (K, T1CyLy) —2P(RH) ® (K Ty CiLi))zi + Sy
+(€ka + 7;61( + uk'}’k + Dkwk + ﬁ( — (lN ®In)Ak}_Ck

- - N 46
= 2P((RH13) @ (KiT1 C)Xx + (Iy ® (AxLy) + H @ (K, Ty Ci L) (46)
—2P((R9) ® (K, T\ Cy L))z + Sihy + Exvi + Teer + Usyi
+Dka)k + f}(
Denote:
GEI z by e v wp v KT (47)
o = [Fixe Co Sk Te Uy Dy & Lyl (48)
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Then, (46) can be represented by the following Equation:
Xier1 = Gilie
Substituting the above Equation, we can get

E{X k1 Prct1 Figer)
]E{kaG) Pl 190X}
E{f T®T Pk+1®nz‘Pk§k}
EAE Tiadi)-

i

It is also known that the following inequality holds:

E{Z;l:kzi,k}gl,
Elw lTkW’k w1,
E{v, W lvid <L

According to Lemma 2, we can further conclude that

E{EH“’@}
E{gk zk(k}
{gk lké’k}

where Hilk), Wi, and V;; are defined in (38).
The inequality (7) can be transformed into the following form:

L))" (hk -(Uy® (TCk))Xk> <0

Substituting (45) into (54), we get

P Ly (e = Ay ® (TCOYE — Iy ® TCr L)z ) <O

That is,
E{{ T34 <0

where Hfzk) is defined in (38).
From (11) and the statistical properties of y;, we can obtain

mM?
a?’

}’Ek%‘,k <md;.

T
ei’kei,kg

Thus, we have

E( T 4 <0

E{{ T4 <0

where Hf3k) and Hfi) are defined in (38).
From (2), we get

B{f{ fi} = Blulfi [TV <Ef{x; [exi) = B{Z NNl

where I, and 8, are defined in (38). Then, the following inequality holds:

E {£/ (diag{0,0,0,0,0,0,0, Ly} — N{ )4 } <0

@O @2 (3 (4

According to [1], if there exist non-negative scalars {a’l Tk Tk Tk O

N

7, diag(1,0,0,0,0,0,0,0} — Z (oY + oI + oI + o)

+o 3 Wi+ 09 Vie) —cr;”(diag{o 0,0,0,0,0,0, 1,5} — NI'8,)<0,

Then, the following inequality holds:
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(57)

(58)
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G (Yix —diag{l,0,0,0,0,0,0,0}){kSO. (62)
Inequality (37) holds if and only if inequality (61) holds. Based on inequality (62), we can derive that
E{é’kT‘pZ@IJP;ll ®ll,i90k§k} - ggd]ag{ ] s O? O’ 0’ O, 03 O, 0}§k

= BITL, Py T ) — (diagl1,0,0.,0,0,0,0,0)¢, <O, (63)
Thus, the following inequality holds:
R e TRIES (64)
That is,
P =<l. (65)

The proof is complete now. m

3.2. Controller Design

In this subsection, we will provide sufficient conditions for the solvability of the proposed consensus control
problem. The corresponding controller gains can be obtained by solving the recursive matrix inequality group in
Theorem 2, whose proof'is easily accessible from Theorem 1 and Lemma 2.

Theorem 2: Given the matrix sequence {A;};=o and O<p<1, if there exist non-negative scalars

{ot.03.03.00.00.09.0}, ., and real-valued matrices {K;}i=o that satisfy:

—Oy 0,
1 <0 (66)

0, —A
Pin, —p k+1

then the consensus control objective (33) is achieved.

4. Simulation Example

In this section, a specific simulation example is used to verify the effectiveness of the presented control
algorithm. The relevant parameters of the multi-agent system are as follows:

A _{ 0.7+0.7¢*"  0.2+0.1sin(k+3) B _{
k=1 03+0.2cos(k) 0.8+0.03cos(2k) |* ¢~

Ce=[ 0.4+0.02cos(k+4) 0.6+0.1sin(k+5) |,
0.15
0.45 +0.03 sin(4k)

0.01
f=| 00 | (Gl +20243). W= 1, V=1,

0.05 }
0.03 J°

Dkz{ }, E,=0.5, M; =10,

1 2 . . . . . . 1 2
where, 95’ k) and QE’ k) are uncorrelated Gaussian white noise sequences with zero mean and unit variance, xf.’ k) and xf.’k)

represent the first and second components of the agent state x; ;. , respectively.
The adjacency matrix of the topology graph is

01 1 1
1 0 1 1
55_1101
1 110

Set p = 0.8. The initial states of each agent are as follows:

4 3 1
X1,0 = -1 1’ X2,0 = e X30 = 3|
B { -2 } b { 27.82  —15.72 }
MO= o |0 PO L1572 3633

It is obvious that the initial state of the system satisfies Assumption 1.The data payload of the binary codeword
for agent i consists of X; = 4 bits, and the probability of a bit flip for each bit in the codeword is p; = 0.1. The upper
bound of the quantization range of the quantizer Q;(-) is M; = 48, and the number of quantization levels is a; = 16.

The simulation results are shown in Figures 3—7. Figure 7 illustrates the instances when the codewords of each
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agent experience bit ﬂ1ps Figures 3—4 respectively show the trajectories of x;; (i.e., xfl,f and x(z)) and their state

averages x; (i.e., xk ) and x,(f)). It can be observed from the figures that the state trajectories of each agent converge
towards the state average ;. Moreover, Figures 5—6 respectively depict the trends of the consensus errors %;; (i.e.,
~(]1<) and )?fzk)) It is evident that over time, X;; fluctuates around 0. The simulation results indicate that under the bit
flips, the designed algorithm can effectively ensure the consensus control performance of the system.
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Figure 7. Instances of Bit Flips.

5. Conclusion

This paper investigates the probability-guaranteed consensus control problem of the time-varying MAS under
bit flips. The impact of bit flips on the encoding-decoding mechanism under the bit-rate constraint is analyzed
through stochastic analysis methods. Key contributions include modeling bit errors in quantization-based communication,
transforming sensor saturation into sector-bounded nonlinearities, and deriving sufficient conditions for consensus via
Lyapunov-based analysis. Future work could extend the framework to accommodate switching topologies, time-
varying bit error rates, or adaptive quantization strategies, further enhancing its practical relevance in real-world
networked control systems.
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