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Distributed discrete-time coordinated tracking control problem is investigated for multiagent systems in the ideal case, where agents
with a fixed graph combine with a leader-following group, aiming to expand the function of the traditional one in some scenes. The
modified union switching topology is derived from a set of Markov chains to the edges by introducing a novel mapping. The issue
on how to guarantee all the agents tracking the leader is solved through a PD-like consensus algorithm. The available sampling
period and the feasible control gain are calculated in terms of the trigonometric function theory, and the mean-square bound of
tracking errors is provided finally. Simulation example is presented to demonstrate the validity of the theoretical results.

1. Introduction

Inspired by the potential applications in engineering, such
as networked autonomous vehicles, sensor networks [1], and
formation control [2], distributed coordination of multiagent
systems has attracted much attention from researchers [3,
4]. Very recently, consensus problems have been studied
extensively as well as references therein [5, 6]. Many methods
have been developed to deal with the consensus problem
like linear system theory [7], impulsive control [8], convex
optimization method [9], and so on. Due to the complexity
of network, the control problem of multiagent systems will
be very challenging and difficult. Therefore, how to design the
consensus control protocol for multiagent systems becomes a
significant research focus.

In most cases, the connectivity of graph might be unfixed;
it may deteriorate the system performance and even cause
instability. Therefore, some of the existing results concen-
trate on the ideal case where multiagent systems can be
described as the dynamic topology [10, 11]. Researching
among those works, some main results and progress on
distributed coordination control were given and the system
under a dynamic topology was addressed through various
methods [12, 13]. For example, distributed consensus problem
was studied for discrete-time multiagent systems with the

switching graphs, where each agent’s velocity was constrained
to lie in a nonconvex set [14]. Moreover, two consensus
problems were solved under a switching topology, which was
assumed to be uniformly connected only [15]. Otherwise,
the aforementioned works not only focused on first-order
and second-order systems [16], but also focused on Euler-
Lagrange models [17, 18] and even took the time delay and
noises into account [19, 20].

Due to the random link failures, variation meeting
the need and sudden environmental disturbances, some
dynamical systems could be modeled as Markovian switch-
ing systems, which are starting with a rapid development
[21-23]. Leader-following consensus problem was studied
for data-sampled multiagent systems under the Markovian
switching topologies [24] and a more interesting case with
multiple dynamic leaders was considered in [25]. In [26],
under a switching topology governed by Markov chains, the
consensus seeking problem was solved through a guaranteed
cost control method. It was unnecessary for the Markov
chain to be ergodic, since each topology had a spanning
tree. In addition, it is difficult to obtain all the elements
of the transition rate matrix, or some of the elements are
not necessary to guarantee the system stability. Markovian
switching model with partially unknown transition rates was
considered in [27], and any knowledge of the unknown
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elements was needed in the design procedure of finite time
synchronization controller.

However, many practical systems can be addressed as a
dynamic model, such as replacing the broken agents in the
group and expanding the function on the basis of traditional
one. The time varying reference can be tracked firmly in
the original system, whether the union system could achieve
consensus in case of combining some followers with a fixed
graph. Besides, as far as we know, the usual case, in which
Markov chain used in, is the modes of the topologies, since
all of the subgraphs and the transition rate matrix should
be known or partly known clearly. In contrast with that,
Markov chains are applied to the edges of graph in this
paper, so that the union system could be discovered through
introducing a novel mapping, together with the distributed
tracking problem for the union system; it is a valuable topic
to be researched.

The main purpose of this paper is to establish the Marko-
vian switching topologies for the union system with two
subgraphs. Through a novel mapping, Markovian switching
topologies are governed by a set of Markov chains to the edges
of the graph. Hence, distributed coordinated tracking control
problem is solved via a PD-like consensus algorithm adopted
from [16]. Different from [16], a sufficient condition on the
system stability is obtained based on trigonometric function
theory. As shown in the forward reference, the tracking errors
are ultimately bounded, which is partly determined by the
bounded changing rate and the number of agents. Simulation
result can more fully prove the effectiveness of the strategy.

The rest of this paper is organized as follows. In Section 2,
graph theory based on a novel Markov process is given and
PD-like consensus algorithm is adopted. In Section 3, stability
analysis and some results are provided. Simulation example
is presented in Section 4 and this paper is concluded in
Section 5.

2. Preliminaries

2.1. Graph Theory. Define a directed leader-following graph
G 2 (V, &) with one leader labeled as node 0 and 7 followers.
V = {vp,...,v,} is a nonempty finite set of nodes and ¢ <
V' x V is a set of edges. For an edge (v;,v;) € & if the
node v; can obtain information from v;, v; is a neighbor of
node v;. A directed path is a sequence of edges in the form
of (vi,v,), (v, v3), (V3, V%), ..., where v, € V. The adjacency
matrix A = [a;] € RODX(+D) 4¢ associated with G, where
a;; > 0 if agent v; can obtain information from agent v; and
a; = 0 otherwise. Assume a; = 0 and the leader does not
receive information from the followers. Thus, the adjacency
matrix of G is denoted by

0 len
A = b (1)

where A, = [a,;] € R™ and A, = [ay] € R™. Let
G, £ (V,,¢,) be a fixed and directed graph with m agents.
The adjacency matrix of G, is given by A, = [a;] € R™".
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The union graph is denoted by G* = GUG, with the node set
V¥ =V UV, and the edge set ¢” = ¢ U ¢,. Hence

[0 01><n 01><m
0(k
A" = A Ay 325) > (2)
0(k 0(k
LSes” S1Y A,
r O(k
o [ A s
A7 = , (3)
O(k
LS 4,

where A" = [af®] e RUIFMX@1m) ¢ the adjacency matrix

of G*, S0%) € R™1, %0 ¢ R™" and SO € R™™ are parts
of the switching matrices among the nodes of G and G,, (k)
(for brevity, denoted by 0,) is a finite homogeneous Markov
process, and it will be detailed in the following section.

2.2. Markov Chains. Definea finitesetA = {1,...,y}Ly € Z%,
and a set of matrices $% € R®/, ¢, f € Z" with the elements
SZ'k’ i € [Le], j € [L, f]. There are two sets I =Tele
~-@oTland T = {L,2,..., y*/}, where @ represents a novel
operation mark among matrices, I' is a set corresponding to

$%. Meanwhile, introduce the mapping &: T — I'.; with
(b 9 9 0 -1
z(S ") =5+ (51’5 - 1)y+ et (seff_l) - l)yef

+ (seej"( - l)yef.

Then, the mapping Z(-) is a bijection from T “ toT of-

(4)

Remark 1. Based on the bijection in (4), the transition
probability @(0;) = Pr[0, | 0,_,] could be derived as follows.

Firstly, for the matrix S?; € R™" each 0, € T,, is
corresponding to the only matrix in the set I"*". In the modes
0, and 0)_,, the following is yielded:

[ O Ok O ]
Sit Szt S
O Ok O
o Sa1 Sttt Sy
k _ 51 _
% -1 (6,) = ,
O Ok O
Sml 5m2 e Srrm .
(5)
[ O1 O Ors
S Sz T S
61 O O
o 510 S T Sy
-1 _ ol _
S5t =87 (0y) =
Ot i Or—1
_Sml sm2 e smn _
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Assume that each edge of G” takes value in the set A with
an unequal probability. The transition rate matrix is given by

811 612 61}/
821 622 82}/

5= | (6)
SV 812 ... s

where

0720 x,y€A,
Za"yzl x € A. )

yeA

In addition, Markov chain is ergodic throughout this
paper. It is obvious that
Pr (6 | 6]

=Pr [E_l 6) 127" (Gk—l)]

—Pr[S 9"‘

where (- | -) represents the transition probability from one
mode to another. Let the transition probability be 8;?' while

0, )
s = x, and si]?‘

i = y; then

3
2

Pr [0 | 0,_,] H 9)

The same work is done to the matrices 802 e R™" and
Sgkl € R™™. Overall consideration, for brevity, denotes the

total probability as

m n

n o m m 1
xy xy xy
o - Loy + 1T Tsy + 11 sy a0
i=1 j=1 i=1 j=1 i=1 j=1
Finally, the total number of system modes is 7 = >,
and the transition rate matrix is

1.7
II= ;1,71,7. (11)

2.3. PD-Like Consensus Algorithm. Suppose the discrete
dynamic of the ith follower is

& (k+1) =& (k) + Tu, (k), (12)

where &;(k) is the state at t = kKT, where k is the discrete-time
index, T is the sampling period, and u;(k) is the control input.
Let the reference state be &,(k) = &"(k). Consider the
discrete-time coordinated tracking algorithm adopted from
[16], together with the Markovian parameter 6,; consensus
algorithm (13) will be applied to the agents in graph G":

u; (k) = %ek
Yico ;j
5[50 =8 k=D
[ —q(& () -¢ <k>)]

(13)
1

+ Zner O
j=0 %j

§[EREED ey )

'10

wherea?jk,i =1,...,n+m, j=0,...,n+m,isthe (i, j)th entry
of A", and q is a positive constant. Suppose that each follower
has at least one neighbor, thus Y} a; O 40,i=0,..

Appling (12) and (13) yields
T

X a
(k) - &; (k- 1)

Tl

T

+ n+m Oy
Zj:() ij

Ln+m.

§k+1) =& (k) + oo

—q(& k) - &; (k))]
(14)

10

a [FEEEEED g w-vw)).

Define ¢;(k) = &(k) — & (k); let E(k) = [e,(k),...
and o(k) = [ET(k + 1), ET(k)]T; it follows that

ok+1)=

€in(R)]”

M%g (k) + NX" (k), (15)
where
M%
[(1 -Tq)1,,, +(1+Tq) D %A% —D%a% ]
In+m O(n+m)><(n+m)

0 n+m 0 n+m
D’ = diag Zal’]‘. Za(n+m)] (16)

Jj=0

N=[ Lyim ]
0

n+m)X(n+m)
X (k) = 1,4, (28 () =& (k+1) =& (k- 1)).

{o(k),k € Z'} is not a Markov process, but the joint
process {o(k), 0,} is. Assume that the reference trajectory is a



deterministic signal instead of a random one. The initial state
of the joint process is denoted as {0y, 0,}. It follows that the
solution of (15) is

0 (k) = M MO o Mgy + NXT (K - 1)
k=2
+ Z M@z(flMekfz . Mel+1 NX’ 0] 17)
1=0

= M0y + NX" (k-1) + M,NX" (I).

Note that the eigenvalues of M, play an important role in the
determining of o(k) as k — co.
3. Convergence Analysis
Theorem 2. Suppose that the leader has directed paths to all
followers 1to n+ m in G", then

L6, 40

— > D %A% (18)

i=1

has all eigenvalues within the unit circle, where D% is denoted
as the inverse of D%.

Proof. There exists Df’é (resp., Dg’i) which is corresponding to
Sf’; (resp., sﬁ';) as denoted in (16), it follows from (3) that
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0,
D, +D} 0
Dek _ 1 21 . nxm (19)
0,151 Dl’i + D,
Then, it is obvious that

9\ 0.\ o6

D,+D}) A, (D,+D)) Sk
D A% _ (Dy+DY) Ay (Dy+D5) S5 20)

) -1.6 6 -1
(DYs+D,) S5 (D +D,) A,
O \—1 0 \—1 O Oy
All the elements of (D, + D,5)" A, (D, + D);)™ Sk, (D +
D,)"'s%, and (D% +D,) ' A, are less than 1. Based on Lemma
3.1in [5], (18) has all eigenvalues within the unit circle. [

Lemma 3 ([28], Proposition 3.6). Let L = am’ e
I,2)diagiM' ® M',... . M" ® M"} and L = (II' ®
I,,) diag{M", ..., M"}, where M ie [1,7], is defined in (16);
let ® represent the Kronecker product of matrices. If p(L) < 1,
then p(i) < 1, where p(-) denotes the matrix spectral radius.

Theorem 4. Suppose that the leader has directed paths to all
nodes in the union graph G*, while T}, 7} > 0 holds obviously.
If the positive scalars T' > 0 and q > 0 satisfy

Tg < min . (Til, le) R (21)

i=1,..,n+

where

L 1= (2 cos” (¢) - 1) T \/2 [—6 cos? (¢) 2 + 3r% + 2r3cos® (¢p) — r3 cos (¢p) — 3r cos (¢) — 1]

T, =

' (2cos? (¢) — 1) 7% = 2rcos (¢) + 1

>

(22)

, 1- (2 cos” (¢) - 1) 4+ \/2 [(2cos?(¢) —1)r2 — 1] (rcos(¢p) — 1)

s (2cos? (¢p) —1)r2 —2rcos (¢) + 1

then L has all eigenvalues within the unit circle.

Proof.

Step 1. 'The matrix A" has # modes based on the analysis in
the Section 2. If the leader has directed paths to all followers,
it follows from Theorem 2 that (18) has all eigenvalues within
the unit circle. Tt will be shown that p(L) < 1 through the
method of perturbation arguments. Hence L can be written
as

L= (HT®IZn) diag (Ml,...,M")

M' M* .o MT
M M? ... M (23)

1
w

M' M* .. M

>

Denote the elementary transformation block matrix P, €
|R211(rn+n)2><217(m+n)2 as

[ I4(n+m)2 02(n+m)><2(n+n«z) e I4(n+m)2 ]
02(n+m)><2(n+m) I4(n+m)2 e I4(n+m)2
P, = . (24)
L 02(n+m)><2(n+m) 02(n+m)><2(n+m) e I4(n+m)2 J

The equation can be calculated as

'A14w(n+m)2 - i' = |P1_1 (/\Izlf'](mm)2 - f‘) P1|

_ A4(r]—1)(n+m)2

Lo @)
AI4(n+m)2 - ;ZM" .

i=1
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The issue will be converted to find the conditions to make
sure all eigenvalues of M" are within the unit circle.

Step 2. The characteristic polynomial of M’ is given by

) (26)

Note that s} is the hth eigenvalue of D™ A’, which is in the
unit circle. Define s;, = r cos(¢) + r sin(¢) j, where r € [0, 1]
is the length of s}, ¢ € [0,27], and j is the imaginary parts
signal. Therefore, the roots satisfy

det| ALy, — M|

~1 AL

n+m n+m

< [MM -[(1-1q) 1, +(1+Tq)D7A'] DA’
= det

= det([/\2 +(Tq- 1)/\] Liom+[1-(1+Tg)A] DfiA’-).

A2+[Tq—l—(1+Tq)s;l]A+s;=0. (27)
It can be noted that
AM+A,==[Tq-1-(1+Tq)rcos(¢)]
+(1+Tg)rsin(¢) j, (28)
MA, =rcos(¢) +rsin(¢p) j.

Let A, =1, cos(x) + [, sin(a)jand A, = I, cos(f) + 1, sin(p) j.
Based on (28), thus

sin (¢) = sin (a + B,
cos () = cos (a + ), (29)
r =11,
I, cos («) + 1, cos (ﬁ)
—~[Tq-1-(1+Tq)reos ()], (30)
Iy sin () + L sin (B) = (1 + Tq) rsin(¢).
It follows from (30) that
(1 cos (@) + 1 cos (B))” ~ (1, sin (@) + 1y sin (B))?
= [Tq-1-(1+Tq)rcos (¢)]’ @)
~[(1+Tq)rsin (9)].

Using (29) and (31), after some manipulation, (31) can be
rewritten as

26 cos” (a) + 2L cos” (B) - (lf + lg)
=(1+Tq)’r (cos2 (¢) — sin® (¢)) (32)

-2 (Tq)2 rcos(¢) +(Tq - 1)2 )

Aimed to prove that A, and A, are within the unit circle, with
I, < 1,1, <1, it follows that

-2 < 2lcos” () + 2Lcos” (B) — (lf + lg) <2. (33)

5
Then, the following holds:
(1+ Tq)2 r (cos2 (¢) - sin’ ((/5)) -2 (Tq)2 rcos (¢)
+(Tq-1)"+2>0,
(34)
(1+ Tq)2 r (cos2 (¢) - sin® ((/))) -2 (Tq)2 rcos (¢)
+(Tg-1)* -2 <o0.
To get the condition of Tq, the transition of (34) is made:
g, (Tq) = [(2 cos” (¢) - 1) r* = 2rcos (¢) + 1] (Tq)2
+2 [(2 cos’ (¢) —1)r” - 1] Tq
+(2cos* (¢) - 1)r* +3 >0,
(35)

g, (Tq) = [(2 cos” (¢) - 1) r* = 2rcos (¢) + 1] (Tq)2
+2 [(2 cos’ (¢) - 1) 7" - 1] Tq
+(2cos* (¢) - 1)r* -1 <0.

With the limit conditions of 7, ¢, and (35), the range of Tq can
be obtained.
Firstly, as is well-known, in the analysis of g,(Tq), let

a=2cos” (¢p)r* —r* —2rcos (¢) + 1,
b=2[(2cos’ (¢)-1)r* - 1] <0, (36)
c= (Zc:os2 (¢) - l)r2 +3;
then
g, (0) = (2cos2 (¢) - l)r2 +3>0,
Ay =b" - 4ac = 8[-6cos’ (¢) r* + 31 (37)
+ 2r%cos® (¢) - * cos (9) - 3rcos (¢) ~ 1].
After some manipulation, this yields
Tqe[0.7/], (38)

where Til satisfies (22) with A, > 0.
Then, for the condition of g,(Tq), the same as g,(Tq), it
can be obtained that

g, (0) = (Zcos2 (¢) - l)r2 -1<0,

A, = b* - 4ac
(39)
=8 [(2 cos (¢) - 1)72 - 1] [rcos (¢) - 1]
> 0.
Similarly, we have
Tqe[0,7], (40)

where ‘ri2 satisfies (22) with a > 0.



Finally, sufficient condition (21) can be exactly proved.
It follows from Lemma 3.1 in [5] that (27:1 M")/w has all
eigenvalues within the unit circle. Thus, based on (21), the
system tracking errors can be convergent stably. O

Remark 5. Markov chains are required to be ergodic; there-
fore it can be ensured that the leader has directed paths to
all followers in G*. Certainly, the results can be expanded
to the case where all the links are governed by Markov
chains; through the mapping in (4), Markovian switching
topologies will be addressed finally. From this, large numbers
of system modes can be described, and the traditional
Markovian switching topologies can be recovered through
the adjustment of the links modes and the transition rate
matrix. However, it will magnify the calculation load and the
unknown or partly unknown transition probability in some
scenes will be considered in the future.

Lemma 6 ([16], Lemma 3.5). Let L be defined in Lemma 3.
For small enough Tq, p(L) < 1, if and only if the leader has
directed paths to all followers in the union graph rather than
the subgraphs.

Theorem 7. Assume that &' (k) satisfies the fact that the
changing rate is bounded; thus

0 -F k-1 g @

the leader has directed paths to all followers 1 to n + m in the
union graph. When Theorem 4 holds, using algorithm (13), if
there exist 0 < p < 1 and v > 1, the tracking errors of the
agents are ultimately mean-square bounded as follows:

2(m +n) Tfﬁ. (42)

Proof. It follows from (15) that
lo ()llg = |M% M%= . MPqy |,

+INX G- D) )

+ kf | MO m o MO N @)
=0

Noting that NX"(k — 1) is deterministic, based on (41), thus

INX" (k- 1|, < 2Vm + nTE. (44)

Based on Lemmas 3.4 and 3.5 and Theorem 3.9 in [28], there
exist 0 < u < 1and v > 1, yielding

M MO o M| < (m+m) 22 o

MO P M NXT ) .

< 2 (m +n) TE\|pu?k2-292,
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(2)
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FIGURE I: Two fixed subgraphs.
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FIGURE 2: Modes of the edges generated by Markov chains.

Noting that 2+/m + nT& < 2(m + n)TE, after some manipu-
lation, thus it follows that

_ ok
lo ()l < (m +n) @ |lag||, + 2 (m +n) TE 11 _’; . (46)

Therefore, as k — 00, it can be obtained that ||o(k)||z < 2(m+
n)TEv/(1 — p). The same as Theorem 3.2 in [16], the tracking
errors will go to zero ultimately as T — 0. But for the original
interaction topology G, the ultimate mean-square bound is
given by 2nT&v/(1 — p) through the same method, which is
smaller than the union system. O

4. Simulation Results

In this section, a simulation example is given to verify the
effectiveness of the theoretical results. For brevity, let a?jk =1
if(vj, v;) € e",i € [1,n+m],and j € [0, n+m)]. The subgraphs
G and G, are shown in Figure 1.

It follows from G* that each Markov chain has two modes,
which means y = 2 and 5 = 2*°"** = 2%, and the transition
rate matrices are considered as in Table 1.

As an example, some modes of the edges are shown in
Figure 2.

For the PD-like discrete-time consensus algorithm,
the initial states of the agents in G and G, are
[0,(0) 0,(0) 05(0) 0,(0)] = [310 25] and
[05 06 07] = [-2 -3 -2.5]. Furthermore,
[01(-1) 0,(-1) 05(-1) o,(-1)] = [3 1 0 25] also
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TABLE 1: Transition rate matrices for Markov chains.

(Vp Vs); (sz V7)§ (V5> V3)§

Edges (V15 v6)5 (v, v7)3 (v3, v6)3 (V15 v7)s (v, v5); (v3, v5);
(Ve v5); (V35 V)3 (Vs> va)s (v55 va); (Vg v6)s (v, v3)3
Transition s 0.3 0.7 5 0.2 0.8 5 0.5 0.5
rate matrices 0.4 0.6 0.4 0.6 0.8 0.2 ]
8 6
! _
‘ 4
6 M I
i dli ]
i I
4t i
il 2 115 |
< i < it
< o 100 102 104 106 108 S il
NF o ) i
AN e S | PR et
—4 L L L L L n
0 50 100 150 200 0 50 100 150 200
Times/k Times/k
— (k) - i=3 —i=6 — (k) - - i=3 — i=6
=1 ——i=4 — =7 —mi=1 —m =4 — =7
- - i=2 — i=5 - - i=2 — i=5
(a) State tracking of all agents (b) Tracking errors of all agents
FIGURE 3: Simulation results in Case 1.
8 6
i
]
6 ‘ E 4
] !
4 i 7 }'
E 2
g 2 (! B g |lli
w7 h < IH ‘
Ll ] s
72 4
—4 L L L L L n
0 100 200 300 400 0 100 200 300 400
Times/k Times/k
— (k) - i=3 i=6 — (k) - - i=3 — i=6
- = —-i=4 i=7 ——i= - i=4 —i=7
- i=2 — =5 Q=2 — =5

(a) State tracking of all agents

(b) Tracking errors of all agents

FIGURE 4: Simulation results in Case 2.

should be defined at the initial time, and let £ (k) = cos(kT).
Distributed controller (13) is implemented with the
parameters in the following four cases.

Casel. T=0.1,9 =4.

Case2. T =0.05,q = 4.

Case 3. T =0.05,9 = 2.
Case4. T =04,q=2.

Simulation results are shown in Figures 3-6.
Figure 3 shows the plots of the system states and tracking
errors with a time varying reference when T' = 0.1, g = 4.
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(b) Tracking errors of all agents

FIGURE 5: Simulation results in Case 3.
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Times/k
— k) --i=3 — =6
—- = —-i=4 —i=7
- i=2 — =5
(a) State tracking of all agents
x107
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(b) Tracking errors of all agents

FIGURE 6: Simulation results in Case 4.

Once the two fixed groups are combined at half of the time, all
the followers can track the reference finally. More specifically,
the system states and tracking errors curves are smooth in
the first half of time, but in the rest of time as shown in the
partial enlarged details, there are lots of burrs on the plots for
all agents obviously, since the links between agents in G and
G, are governed by the random Markov chains.

Under the same reference, compared with Figure 3, the
system states can track more effectively and the tracking
errors are smaller while T = 0.05, ¢ = 4. Furthermore,
as shown in Figures 4 and 5, there is a quick response and
smaller tracking errors ultimately, along with a bigger control
gain g and the same T'. But for Figure 6, when T = 0.4, g = 2
in Case 4, the situation is unpredictable, because Tq does not

meet the condition of Theorem 4. It can be noted that the
tracking errors become unbounded in this case. What should
be stressed more is that, based on Theorem 4, the largest value
of Tq is approximately equal to 0.44. Otherwise, a quantitative
comparison among the four cases is given in Table 2, which
shows the mean and standard deviation of the tracking errors
in the second half of the time. The comparison results show
that the tracking errors depend on T and g obviously.

5. Conclusion

In this paper, distributed discrete-time coordinated track-
ing control for multiagent systems is investigated to solve
the issue on the union graph with Markov chains. Based
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TABLE 2: Comparison results of the tracking errors among the four
cases.

Cases Mean Standard deviation
Case 1 0.0305 0.1718

Case 2 -0.0163 0.1483

Case 3 -0.0788 0.2349

Case 4 —4.4958 x 10° 2.5529 x 10’

on a novel mapping, Markovian switching topologies are
redesigned through using the Markov chains to the edge set.
The PD-like discrete-time consensus algorithm is applied to
deal with the time varying reference. A sufficient condition of
the match sampling period and a feasible control gain to the
time varying reference is obtained in terms of trigonometric
function with multiple-term formula. Both the theoretical
and simulation results show that the ultimate tracking errors
are related to the sampling period. Although we focus
on studying the discrete-time multiagent systems with an
ideal communication network, an extended analysis may
be considered for the case with time delays, which will be
addressed in our future work.
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