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Appendix A Literature Review

The swarm phenomenon in nature inspired the development of multi-agent systems (MASs). They are made up of interacting
agents that can perform complex tasks through mutual communication, collaboration, and competition. Formation control is one
of hottest subjects in the field of MASs due to its wide applications in multiple vehicles formation [1], autonomous navigation [2],
multi-manipulator collaborative assembly [3], and target encirclement [4]. The goal of formation is to build appropriate controllers
to help MASs form and maintain desirable formation. Many scholars have concentrated on this critical issue by employing various
agents’ information, such as position [5, 6], distance [7,8], bearing and so on.

Due to the translational and scaling invariance of bearing information, bearing-based formation control has received a lot of
attention in recent years [9,10]. Conveniently, obstacle avoidance can be accomplished via formation maneuver control [9,11].
Bearing information may be gathered easily by a range of simple devices, such as passive sonars [12] and vision sensors [13],
providing a viable solution for formation control in the case of a GPS-denied environment or lower cost. Moreover, a time-varying
bearing formation based on persistently exciting can handle multiple real scenarios [14], including target encirclement and orbit
maintenance.

Bearing-only formation control is referred to as a control scheme utilizing only bearing information, which has been designed
for first-order continuous MASs [15], first-order discrete MASs [16], second-order MASs [17], and several kinds of robotic systems
[18]. Meanwhile, many control structures, including leaderless control [15], leader-following control [19], and leader-first-following
control [20], have been considered to solve the bearing-only formation problem. In a structure with the leader, the researchers have
investigated the bearing-only control for stationary formation [16], tracking leader’s constant velocity [21] and tracking leader’s
time-varying velocity [22], respectively. Moreover, some relevant results on undirected graphs [15-19,21] and directed graphs [20,22]
are also included in the existing bearing-only formation research.

The finite-time control approach is a key tool due to better anti-interference and faster convergence. A finite-time controller can
estimate the upper bound of the formation stabilization time in addition to stabilizing the formation more quickly [23]. The relative
position information among agents must be obtained by using finite-time formation control strategies proposed in [24] and [25].
Two finite-time bearing-only controllers were designed in [26], which were intended as a symbolic or fractional power function.
In the absence of a common global coordinate frame, Reference [27] studied an orientation estimation-based scheme to solve the
static formation problem in finite time. However, the convergence time was related to the initial states. Then, the user-defined
convergence time was explored for finite-time bearing-only formation control of heterogeneous robots presented in [28], where the
control input was smooth. It is clear that this approach of [28] has a wide range of possible applications, but is now exclusively
employed for stationary bearing-only formation.

Pinning control, which forms the desired formation by manipulating a few agents, is an efficient control for attaining formation.
Using this approach, it is frequently possible to facilitate control for every node in large-scale networks. In [29], pinning control was
adopted to study the formation control problem for MASs with nonlinear dynamics and fixed topology. Moreover, for nonlinear
MASs with time-varying delay under directed switching topology, a pinning consensus criterion was put out in [30]. It is clear that
only a fraction of agents have the availability of the reference state. A group consensus with pinning control for heterogeneous
MASs was presented in [31]. In all of the aforementioned research, the relative position is the primary information transmission
between agents, which may result in limited practical applications.

Appendix B Notations

|| - || denotes the Euclidean norm of a vector or the spectral norm of a matrix. 0, = [0,...,0]” and 1, = [1,...,1]7. For
yi € R(s € {1,...,n}), min;{y;} and max;{y;} denote the smallest and biggest one of them, respectively. For vectors ¢; € R",
span{ci,...,cn} represents the linear span of these vectors. For a series of symmetric matrices M; € R™*"  Apin(M;) is the
minimum eigenvalue of M; and null(M;) is the null space of M;. diag(Mi,...,M,) denotes the block-diagonal matrix with
diagonal blocks M1, ..., My. Rso and Ry denote the sets of positive real numbers and non-negative real numbers. f: R — Rxq
and ¢ : Ryo — R denote the mapping functions on different sets, respectively.
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Appendix C Theory of Graph
Appendix C.1 Bearing Laplacian Matrix

Define the bearing Laplacian matrix L € R4"X4" ag

Odxd, i#34, (i,7) € B,
[L]:; = *Pg;fj7 i#3j, (i,7) € B,
P, i=j,icV.
kEZ/\/i ik

For an undirected graph, L > 0 and null(L) D span{z*,1, ® I4} [32]. L represents the topological structure of the network and
the relative bearing between neighbors. The relationship between L and H is L = HTdiag(I—’g1 ooy Pgy )H. For the leader-follower
case, L can be decomposed as

Ly L
= u Ly
Ly Lyy
where Lj; € R¥™*9" and Ly € RI™7 X" f 1In this paper, z; (t) is uniquely determined by z7}(t) = —L;;Lflwl(t) and z; (t) =

= (t) [11].
Appendix C.2 Pinning Control Strategy

Based on the topological structure, the pinning matrix D € R™*" of the graph G is defined as

asi, (i,j) € Ey or (¢,7) € Ea,
dsi = { bsi,  (4,%) € Ex or (j,1) € Ea,
0, others,

where as; < 1, bs; > —1, E1 = {(i,5) € E|li € V{,j € V§} and Ex = {(4,5) € E|i € Vy,j € Vi }.

Then, the detailed pinning control strategy is as follows: Firstly, all leaders are selected as the pinning agents. Moreover, if the
i-th agent for ¢ € V; needs to be pinned and (%,5) € E2, one has hy; + as; < 0 and hgj + bs; > 0. Since the i-th and j-th agents
are connected by the s-th edge, then the weights |as;| and |bs;| should be the same. This method guarantees the pinning control
gain |hsi + dsi| = |hsj + dsj| # 0. Otherwise, the agent is not pinned, i.e., |hs; + dsi| = |hsj + ds;j| = 0. Finally, the feasibility of
this strategy is subsequently reflected in (D8) and (E14), where ming {1 + bx;} > 0 is the necessary condition for stability.

Appendix D Preliminaries and Problem Formulation

Consider the following MAS with n; leaders and ny followers, which are described by single-integrator dynamics, i.e.,
Gi(t) =wi(t), i€V, (D1)
where z;(t), u;(t) are the position and control input of each agent, respectively.

Suppose that leaders move with constant velocity @ = [o1,...,04]T. Define the position differences as e;(t) = x;(t) — x;(to)
and e} (t) = ] (t) — x (to) for all i € V. Motivated by [17] and [33], the control input u;(t) for each follower is designed as

(1) . . . ,
wi®) = (a7 2 5) [ 3 () =0l + 3 deilo ) = 9] —oi(ei ) — i @), i€ vy, (D2)
¥ JEN; JeV;
where «, v, 0; = diag(0;1,042,...,0i4) € R%*? are control gains. ¢ : Ryo — Rs is a function defined as
Aztoya 4 g [tg, A
o(t) = (ZF=)% € [to, A), (D3)
L, t € [A, 00),

where ¢ € R is the user-chosen parameter. The derivative of ¢(t) is

q(%%to)q

—t

o) = A=i—» tE€lto,A), (D4)
0, t € [A, 00),

where the right-hand derivative of ¢(t) at t = A is used as @(A).
Apparently, p(t) satisfies the definition of function in the following lemma.

Lemma D1. [15] Suppose f : R — R3¢ is a continuously differentiable function. % : Ryo — Rsq is a function that satisfies
P~ ?(tg) =1 for all ¢ € Rxo, lim, |, ,— %~ ?(t) = 0, and ¥~ ?(t) is monotonically decreasing on [to, A), where to € R and A > to.
It

; ¥
ft) < —=mf(t) - Qlf(t)’ t € [to, 00), (D5)
where w and p are positive constants, then we conclude that

—w(t—t —e
o {g e Y =ef(ty), tE [to,A), (D6)

=0, t €A, 00).
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Then, using the control mechanism (D2), the compact form of MASs (D1) can be rewritten as

; Odn;xdn; Odnyxdn -~ -
i(t) = = (a+n2) | e TR (g T 4 pT)
#7 |Odnpxdn;  ldng
* 1, ®7v *
(gt) —g")+ | —O(e(t) —e7(®)), (D7)
Odnf
where O = diag(0;, Oy) = diag(o1, - .., 0n), e(t) = [] (1), E?(t)]T =[eF@),...,eX(t)]7, and e*(¢) is the similar compact form.

Based on Lemmas 2 and 3 in [17], with mild revision, we have the following lemma.

Lemma D2. Suppose no agents coincide at any time. It holds that

ming {1 + bsi } Amin(Lys)

T,5T , /T * "
(A" +D")(g~g") 2 lle =%, (D8)
2 max; ||es||

()" (H" +D")(g—g") <0, (D9)

where the equality of (D9) holds if and only if g = g™.
Assumption 1. [17] The desired formation (G,z") can be uniquely determined by the bearing vectors {g;;}(,j)er and the

leaders’ positions {z] };cv; if and only if Lgs > 0.

Assumption 2. [30] Suppose Gy is the graph composed by followers, which has r disjoint strong components namely G1, ..., G,

with V(Gi)NV(G;) =0, i,5 = 1,...,7, %« # j, and U]_; V(G:) C V(G). V(G;) denotes the vertex set of the i-th strong
components. If |Ji_; V(G;) C V(G), assume that each vertex in V(G)\Uj_,; V(G:) is reachable from at least one vertex in
Uiz, VI(Ga).

Appendix E The Proofs of Main Results

Let the initial states be x(to) = [(z] (to))T,a:?(to)] and @(to) = [(v] (to))7, v?(to)] =[1,, ®7, ’U?(to)]. Then, the position error is
8i(t) = wi(t) — x (t) = [671 (1), ..., 65T and 6(t) = [6] (1), 87 ()] = [61 (1), ..., 65 (V)]

Appendix E.1 Collision Avoidance

Below is a demonstration of the sufficient condition for collision avoidance.

Theorem 1. Under Assumption 1, if

1 . * *
150l < 0= —(min lla] — @31l =€), (E1)

for any § € (0,min; jev ||z} — z}||), then [|z;(t) — z;(¢)|| > & for any 4,5 € V and t > to. Namely, a collision-free path can be
produced for each agent.
Furthermore, if ||6(¢)|| < ||6(to)]|| for any ¢t > to, the condition can be replaced by ||6(t0)| < 6.

Proof. Notice that
zi(t) — 2 (t) = (27 (t) — 23 (1)) + (wi(t) — 27 (1) — (x;(t) — 25 (¢)). (E2)
It holds that

s () — 2O Zl2; (@) — 25 (Ol — ll2: () — 2 (O — ll25(8) — 23 @)l

2lei (1) — =3 ()] - \/2Hwi(t) —zi O + 2llz; () — 25 @)

2[lz3 () — 25 - $2 P ENOREHOIE
k=1
=llzf (t) — 27 (1)) = V2lla(t) — 2" ()]l
=[la7 (1) — 25 (O = V2]I8(®)]- (E3)

Since ||6(t)|| < 6, we have ||z;(t) — z;(t)|| > & for any 4,5 € V and t > to, which implies that there is a collision-free path for each
agent.

Appendix E.2 Formation Stabilization

Theorem 2. Suppose Assumptions 1 and 2 hold. Consider the first-order MAS (D1) with the control input (D2). If

. U1 Va
ow:dlag( N ), E4
dw1(to) dwd(to) (E4)
where % >0, we{n +1,...,n} and k € {1,...,d}, then = converges to z* as t - A and z = z™ for t > A. Moreover, the
w
control input uy(t) = [“£l+1(t)v <., uT(#)]" holds C' smooth and bounded for [tg, +00) with the condition that

A | S Il + 11Z*1)
ming{1 + bs; Fmin (Lyy)

(E5)
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Proof. Note that v* = [(v1)7, ..., (@57, (vh 1) s @DT)T = [(01)T, (v))71T = 1,®3. Since " (¢) = v* and z(t) = o} (1),
we have §(t) = @(t) — v* and 8(t) = [Odnl,éf nT.
Consider the Lyapunov function

1 2
V= Sls@l”. (E6)
Calculating the derivative of V' along the solution of equation (D7), we have

=T (15 (1)
= T(t){ (a+2Z ){Od"l”” 0”"’”"f}<HT+DT><g(t>g*>+ [l"ol®“°] 70<e<t>fe*<t>>fv*}

Odnpxdn;  ldng dng
~ @+ v D) O + DT)(a(t) ~ 5°) 6 (HO((t) — " (1) — 0T ()" (E7)
Let
Vv = 7(a+'yf)5T(t)(HT +D7)(g(t) - g") (E8)
©
and
Va = —8T(1)O(e(t) — e (1)) — 67 (t)v”. (9)

By the definition of edge es, one has

max [les ()| < lle(t)]| = [|[Hz(t) — Ha" () + Ha™ (1)
= |H5(t) + Ha™(t) — Hz" (1)
< A6 + 27
< AN+ 121D, (E10)

where 2*(t) = 1, ® (72, 27 (t))/n), (F_, @} (t))/n denotes the centroid of the desired formation and Z* is time-invariant.
In terms of (D8), (D9), (ElO) and (D3), we obtain that

=—(a+ Wf) (" ()= (" ()" )H +DT)(g9(t)—g")

< - (a 4 'yg)xT(t)(HT + D" (g(t) — g%)

R G e e L)

< (o4l e Y < o

On the other hand, we have

Vo = =67 (£)08(t) + 67 (£)08(to) — 57 (t)v*
= 5T (#)0s(t) + 67 (£) [05(t0) — v*]
= =087 ()O3 (t) + 67 (1) [0 (t0) — v}]
< =22min(05)V + (6|10 85 (to) — vl (E12)
By the condition that o, = diag(éwf%to) sy 5wZ‘ZtO> ), where szlft[)) >0and w € {n; +1,...,n}, we have [|Ofd(to) —vy(t)|| =0

and Oy is a positive definite matrix. Thus, by (E12), we can obtain that
Vo < =2Amin; (Of)V. (E13)
Combining (E11) with (E13), it holds that V < 0, which implies that ||6(¢)|| < ||6(to)||. Then, we have

¢\ ming {1 + bsi } Amin(Lsy)
o/ HIWsE)Il + l1Z1)

V- (+7 V = 2 (0)V = —av — 52V, (E14)
o]

where

aming{1 + bsi }Amin (L)
N6t + 17> 1)
5= ymins {1 + bsi}Amin (Lyy)

HE (IS CEo) Nl + N1Z=1)

a =

+ 2Amin(0f) > O)

In terms of Lemma D1, we obtain that

< Ve tt0)p=T|8(to)l, t € [to, A),
sl {

L [ oo, (E15)
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Hence, z — =™ in finite time, which implies the desired formation is achieved.
Next, it is proved that uy holds C! smooth and bounded for [to, +00).
Since g5 is the unit vector and (E1), we have

le@ = eI =3 (lesII* + llexl1* = 2lles (W) lllezllgz (£)g7)
s=1

m
T
>3 @lles@lllexll = 2lles®lllleXllgs (t)g2)
s=1
m

> 2¢%(1 -9l (1)g2)

s=1

=€%|lg(t) — g™ |I°.

It follows from (E16) that
o1 1
lg®) — g™l < Zlle(t) — e[l = ZIIHS@)]-
3 3
From (E15) and (E17), we have

| Hlle”2 ¢t

5
26t
7 e 216l

lla(t) — 9"l <

for t € [to, A) and ||g(t) — g™|| = 0 for ¢t € [A, +00).

A 1
It can be obtained from (E5) that ¢5 > 2. Then, combining the fact that % = (A_iqto)gaq, we have

glHle” 200

32510,
E(A —to)

12 (a(t) — g")lI <
©

for t € [to, A) and H%(g(t) —g")|| =0 fort € [A, +00).
By (E4) and (E15), we obtain that

0(e(t) — "I <NOS®) | + |03 (to) I

_ G -
<e” 2007204 15(t0) + 11n, ® uoll

for t € [to,A) and ||O(e(t) — " (¢))]| = ”1be ® uo|| for t € [A, +00).
Then, we have

llug @)1 < (o + vg) I + Dllllg(t) = g7l + 105 (=(¢) = €™ ().

By (E18), (E19) and (E20), we conclude that

lim [Jug ()] = [1n; ® uoll
t—AT
and |luf(t)| = Hlnf ® uol| for ¢ € [A, +00), which implies that us(t) is continuous and bounded for [tg, +o0).

From (D7) and (E4), we have

7 p — | Odn n; Odn n 7 = * 7 7 — | 1n
Ait) = — (a5 2) A | O QX | (BT 4 BT (g(4) — %)~ BO8(1) + HOS(to) + A | 71 O
12 Odnpxdn;  lang Oan
@ — Odnlxdnl Odnlxdnf T ~T * i [7
=—(a+r2)H (2" +DT)(g(t) = g*) = HOS(t) + H (1 ® uo)

Odnfxdnl Idnf

@\ & | Odnyxdn; Odnyxdn;

= (a+'y;>H (H" +D")(g(t) — g%) — HOS(t).

Odnfxdnl Idnf

Let us calculate the derivative of uy(t) as follows

vqllH + D|

P, 2
" TEAE Lo 90t — g7l + 1051 (1) — @)

lles]|

llig @)1 < (o + wf) I + DI (22 ) I ()] +

Py, . G\ e e
=N g(t) -9 Il + (a+~2 )18 + DlHONT(
lles |l (7]

eillg(t) — g + 105G () — €5,

Pgs
[les I

<(a+22) 1+ DI IEOT

vq||H + D

|

(E16)

(E17)

(E18)

(E19)

(E20)

(B21)

(E22)

(E23)

(E24)
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Pg

where F(%) denotes a partitioned diagonal matrix, which is composed of Hi'ﬁ for s € {1,...,m}. Since F(m) is bounded,

there exist positive constants ®;, ®5 such that HH—}-DHQHHHHI‘( Do )H < &, ||H + DHHHOHHI‘( Pos )H < ®;3. Combined with

lTesll Testl
Hab
By = vqllH+D]|

A_tg)2 we obtain that
—to

. P2 . @ 2 .
lag @ <(a+2) @illg®) = o"ll + (a +vZ ) @28() | + a9 ll9(t) — 9|
® %]

sl CHCROEEMONE (E25)
Since
@2 2 2qay 1 qy 2 2
=) = q q, E26
(O¢+"YLP) « +A7t0<‘p +(A7to)<p ( )
we obtain that
. * 2qay 1 N 97 2 2 *
)|l <a®®1]lg(t) — Prpallg(t) — 1 + P3| alg(t) —
lig ()] <e@1llg(®) = o7l + T - P10 llg(®) =g+ [(£2,-) @1+ 2a]llg®) — o7
a 1
+ a6l + +— 7o D2et N6+ 105us (O + 1105 (1n; @ uo)ll- (E27)
Based on the condition (E5), one has ¢5 > 4. Then, by (E15), (E18), (E19) and (E20), we conclude that
lim_|[iy ()] = 2[0f 1 & uoll- (E28)
t— AT
and |las (#)]| = 205 [[l[1n; ® uol| for ¢ € [A, +o00).
Therefore, if condition (E5) is satisfied, the control input uy holds C! smooth and bounded for [to, +00).
Remark 1. The control gain parameter O is designed based on the system environment, including the desired velocity and the

initial positions. Due to the desired formation being fixed, the desired velocity of the follower is equal to the desired velocity of the
leader. Thus, the follower should be aware of the leader’s control input.

Appendix F Numerical Example

In this appendix, numerical simulation examples are presented to illustrated the effectiveness of the theoretical results.

Appendix F.1 Example 1

To illustrate that [|d(to)|| < € is only a sufficient condition, the MAS with two leaders and seven followers is considered in the
numerical example. The initial positions of leaders and followers are described in Figure F1. The desired positions at initial
time are shown in Figure F2. By the definition of the undirected graph with an orientation, the edge set can be denoted as
E = {(1,2),(2,3),(3,4), (4,5), (5,6), (6,1), (1,7),(2,7),(3,7), (4,7), (5,7), (6,7), (6,8), (5, 8), (4,9), (3,9)}, which corresponds to
es for s = {1,...,16}. Then, the corresponding desired formation be g* = [(g7)", (95)7, (95)%, (g™, (95)7, (a2)™, (g9, (¢5)7,

@) (@)% ()T, (95T, (05) T (0207 (g715) T (916)TIT = [~1,0, —0.5, —0.866, 0.5, —0.866, 1,0, 0.5, 0.866, —0.5, 0.866, —0.5,
— 0.866, 0.5, —0.866, 1,0, 0.5,0.866, —0.5, 0.866, —1,0, 0.5, —0.866, 1,0, —1, 0, —0.5, —0.866] .

Let « = v = 25, A =15, ¢ = 2, to = 0, © = [0.5,0.5]7, and 01 = 02 = diag(0,0). Then, @(t) = 225/(15 — t)* on
[0,15) and ¢(t) = 1 on [15,+00). Let the pinning matrix [D]2s = —1, [D]ag = 1, [D]¢1 = 1, [D]es¢ = —1, [Dl:n = —1,
[D]77 = 1, [D]s2 = —1 and [D]s7 = 1, implying the agents 2,6,7 can obtain the information of leader 1 and the agents 1,3,7
can obtain that of leader 2. Also, the pinning weights are all 2. Let o3 = diag(0.0833,0.2887), o4 = diag(0.5000,0.1443), o5 =
diag(0.5000,0.0481), og = diag(0.5000, 0.1443), o7 = diag(0.0833, 0.0361), os = diag(0.0833, 0.1443), and oy = diag(0.2500, 0.2887),
we have [|Od;(0) — vi| = 0.

Based on the given initial positions and the desired initial positions, we obtain that [|§(0)|| = 21.38 and 6 = 4.23 — (1/V/2)¢,
where £ € (0,6). It’s clear that ||6(0)|| is far greater than 6. But the simulation results presented in Figures F3-F6 show that the
tracking bearing-only formation is achieved with no collision between agents.

Appendix F.2 Example 2

Consider the MAS with two leaders and five followers and the network topology among them is shown in Figure F7. It clearly
satisfies the uniqueness of bearing-only formation in Assumption 1 and the pinning condition in Assumption 2.

The initial positions of leaders are 1 = [2, \/S]T and z2 = [8, \/S]T By the definition of the undirected graph with an orientation,
the edge set can be denoted as E = {(1, 2), (2, 3), (3,4), (4, 5), (5,6), (6,1),(1,7),(2,7),(3,7), (4,7), (5,7), (6,7)}, which corresponds
to es for s = {1,...,12}. Let the corresponding desired formation be ¢* = [(g7)7, (¢3)%, (¢5)", (90", (a2)T, (g)™, (92)T, (93)7,
()% (9r)™ (91T, (972)71F = [-1,0,-0.5, —0.866, 0.5, —0.866, 1, 0, 0.5, 0.866, —0.5, 0.866, —0.5, —0.866, 0.5, —0.866, 1, 0, 0.5,
0.866, —0.5,0.866, —1, O]T7 which is presented in Figure F8.

Let « = v =24, A =5,qg=2,t =0, 5 = [0.505]7, and 01 = 0a = diag(0,0). Then, ¢(t) = 25/(5 — t)®> on [0,5) and
@(t) = 1 on [5,400). The initial positions of followers are z3 = [12,5v3]T, z4 = [9,8v3]T, x5 = [3,8V3]T, z¢ = [0,5v3]7 and
z7 = [6, 5\/§]T. The followers’ initial velocity is zero and the leaders’ initial velocity is the desired velocity v. Based on the given
initial positions and the desired formation, we obtain that ||§(0)|| = 4 and 6 = 4.23 — (1/V/2)¢, where & € (0, 6).

Let the pinning matrix [D]s2 = —1, [D]2g = 1, [D]e1 = 1, [D]e¢ = —1, [D]71 = —1, [D]77 = 1, [D]g2 = —1 and [D]g7 = 1,
implying the agents 2, 6, 7 can obtain the information of leader 1 and the agents 1, 3, 7 can obtain that of leader 2. Also, the pinning
weights are all 2. Let o3 = diag(0.1250, 0.0722), o4 = diag(0.1667,0.0962), o5 = diag(0.1667,0.0962), og = diag(0.1250,0.0722) and
o7 = diag(0.0625, 0.0361), we have ||[Ofd;(0) — v}|| = 0. Thus, by Theorem 1 and Theorem 2, the tracking bearing-only formation
can be achieved asymptotically with no collision in finite time A.

Figures F9 and F10 illustrate that the bearing error and the velocity error converge to 0 in A = 5 s. It can be seen from
Figure F11 that the minimum distance between agents is not zero, ie., there will be no collision between agents. In Figure F12,
the trajectory of MASs from ¢t = 0 s to t = 20 s is presented.
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Figure F5 The minimum distance of agents in Example 1. Figure F6 The evolution trajectory of MASs in Example 1.

Appendix F.3 Example 3
Consider the MAS (D1) under the formation control scheme for each follower:

wit) =a[ 3 (95 (1) = 97) + D deilgis(t) = 97))] + a2 /0 [

JEN; JEV]

> (00 = gi) + D2 deilas (1) — g7 ] dr,

JEN; JEV]

i€ Vy, (F1)
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Figure F7 The network topology of MASs in Examples 2-3.
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Figure F11 The minimum distance of agents in Example 2. Figure F12 The evolution trajectory of MASs in Example 2.

which is similar to the control scheme proposed in [17] for the leader with constant velocity. Combining the proof of Theorem 2
in [17] and the matrix D proposed in this paper, it is obvious that the above system is stable by setting V = 2 (HT + DT) (g —g*),
which is omitted here.

Then, let g = 1. To compare the control scheme (F1) with our finite-time control scheme (D2), Figures F13 and F14 depict
the bearing error of the MAS with the same other parameters and initial states as in Example 2. It can be seen from Figure F13
that the MAS converges to 0 at about t = 8 s, but this instant cannot be determined in advance. However, under the finite-time
control scheme (D2), Figures F14 and F9 show the bearing error under the condition A = 2 and A = 5, respectively. Obviously,
the finite-time control scheme can flexibly adjust the convergence time to improve the system performance.
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