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Abstract: A drawback of the existing event-triggered distributed observer for a rigid body
leader system over jointly connected switching networks is that the upper bounds of two key
design parameters were only shown to exist without giving an explicit estimate of the upper
bounds. In this paper, by assuming that the communication network is acyclic, we further show
that these two design parameters can take any positive value by choosing other parameters
appropriately. We will also apply our event-triggered distributed observer to the leader-following
consensus problem of multiple rigid body systems and illustrate our design by a numerical
example.
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1. INTRODUCTION

The cooperative control of multiple rigid body systems has
attracted extensive attentions over the past decade Cai
and Huang (2014); Dimarogonas et al. (2009); Liu and
Huang (2018); Wang and Huang (2020). An effective tool
to solve this problem is the so-called distributed observer
approach summarized by Cai et al. (2022). The distributed
observer is a distributed dynamic compensator that es-
timates the leader system’s information over the com-
munication network. Based on the distributed observer,
one may systematically synthesize a distributed control
law by composing a distributed observer and a purely
decentralized control law. As pointed out in Cai et al.
(2022); Wang and Huang (2022), the distributed observer
approach has two advantages over other approaches. First,
the distributed observer approach can handle the jointly
connected communication network which can be discon-
nected at every time. Second, the distributed observer
and the purely decentralized control law can be separately
designed.

The event-triggered control technology, which generates
the samplings and control actuation by some event-
triggered mechanisms, has been gaining momentum over
the past two decades. Some representative papers are Ab-
delrahim et al. (2017); Astrom and Bernhardsson (1999);
Borgers and Heemels (2014); Chen et al. (2020); Donkers
and Heemels (2012); Eqtami et al. (2010); Heemels et al.
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Table 1. Table of Notations

Symbol  Meaning
[ The Euclidean norm of a vector;
or the induced Euclidean norm of a matrix.
col()  col(Ar, oy Am) = [A], . AT] T
€ R(mit+nm)Xp for A; € R™i*P,
Q The set of all quaternions:
Q={q:q=col(4,9),q € R*,q € R}.
Qu Qu={¢€Q:lql =1}
q* Quaternion conjugate: ¢* = [f(jT,zj] T,
for ¢ € Q.
— A SN AX A
®© q; ©q; = {qiqj—i_qjqijr_f]i 4 } , for ¢;,q; € Q.
qiq; — 4q; 95
0 —x3 x2 T
()% zlemg 0 x1‘|,forx:[zg‘|.
—T2 T1 0 T3
Q) Q(a) = col(a, 0) where o € R3.
C() Clg) =@ —q"PIs +24G" —2q3%,q € Q.

(2012); Nowzari et al. (2019); Tabuada (2007). Compared
with time-triggered sampling, event-triggered control can
significantly reduce the consumption of communication
and actuation energy. This advantage has motivated the
study of the event-triggered distributed observer. Specif-
ically, Dong and Lin (2022) proposed an event-triggered
distributed observer for a linear leader system and applied
this observer to the cooperative linear output regulation
and the leader-following consensus of Euler-Lagrange sys-
tems. Under the assumption that the communication net-
work is every time connected, Wang et al. (2021) presented
an approach to implement the continuous-time distributed
observer for rigid body systems used in Cai and Huang
(2014); Liu and Huang (2018). Our recent work Wang
and Huang (2022) has extended the result in Wang et al.
(2021) to the case where the communication network is
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jointly connected. Nevertheless, one drawback of the result
in Wang and Huang (2022) is that it only guarantees the
existence of the upper bounds of two key design parame-
ters 3, and B, without giving an explicit estimate of the
upper bounds of these two parameters.

In this paper, we will further investigate the problem of
designing an event-triggered distributed observer for rigid
body systems studied in Wang and Huang (2022). We will
show that, for the class of the acyclic communication net-
work, the above-mentioned two design parameters can take
any positive value by properly choosing other parameters.
For this purpose, we need to study the stability properties
of some classes of linear time-varying systems.

The rest of this paper is organized as follows. In Section 2,
we will review the result in Wang and Huang (2022) and
formulate the problem. Then, we present some stability
results on some classes of linear time-varying systems in
Section 3, which will be used to establish our main result.
Our main result will be presented in Section 4. In Section
5, we will apply our event-triggered distributed observer
to the leader-following consensus problem of multiple rigid
body systems together with a numerical example. Finally,
we close this paper with some concluding remarks in
Section 6. The notation we will use in this paper are
collected in Table 1. In what follows, given a system
& = f(x,t), we say it is globally exponentially stable at
the rate of at least \ if there exists a positive constant o
such that

lz()] < allz(to)le™*1), vt >t (1)

for any z(tp); if a time function z(t) satisfies (1) with
to = 0, we say x(t) tends to zero (x(t) — 0) exponentially
at the rate of at least \.

2. PROBLEM FORMULATION

Consider a group of N rigid body systems as follows:

(1) =50i(t) © Qe (1), (22)

Jiwi(t) = — wi(t)* Jiwi(t) + wi(t), (2b)
where ¢; € Q,, describes the attitude of follower i; w; € R3
is the angular velocity; .J; € R3*3 is the uncertain positive

definite inertia matrix of the ith follower; u; € R? is the
control torque; i =1, ..., N.

Also, assume that the desired attitude and angular velocity
for system (2) are generated by:

iolt) =5a0(t) © Qen()) (30)
o(t) =Su(t), wolt) = Eu(t), (3b)

where gy € Q, is the desired attitude to be synchronized

by the followers; wg € R? is the desired angular velocity;
v € R* S € R33 and E € R3®*" are two constant
matrices.

Systems (2) and (3) together can be viewed as a leader-
follower multi-agent system with (3) as the leader sys-
tem and the N subsystems of (2) as N followers. The
communication network among these N 4 1 agents is de-
scribed by a switching digraph G,y = (V,&,(1)), where
o : [0,00) = P = {1,..,n0} is a piecewise constant
switching signal with dwell time 7 > 0; the node set
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is defined as V = {0,1,..., N} with node 0 represents
the leader and nodes 1 to N represent followers 1 to IV,
respectively; the edge set £,y is such that (7,7) € &
if and only if node j can receive the information from
node ¢ at time ¢. We say node ij is reachable from
node 71 at time ¢t if {(i17i2), (i27i3), vy (ikfl,ik)} C 50(,5).
The neighbor set of node i is defined as N;(t) = {j :
(j,1) € Ex(t),J # i} The weighted adjacency matrix asso-
ciated with Gy(y) is defined as Ay = [ai;(t)]);—o where
a;j(t) = 1 & (j,i) € &), # j and a5 = 0 otherwise.
Define H, ;) = [hi;(t)]1;—1 where hy;(t) = Z;-V:o a;;(t) and
h”(t) = —aij(t) for ¢ 7é _]

Let us recall the following event-triggered distributed

observer for the leader system (3) proposed by Wang and
Huang (2022):

Bi(t) = Svi(t) + ves (t2°0),

veilt) =y Y (vi(t) —vi(t), t € [ty ), (4a)
JEN(t)

0) = Sn(t) © QUBw (1) + (1),

i mi 4b

Meilt) =y 3 () —mi(0), £ € [ 7, (4P)
JEN(t)

trhy =it {t> 0" flew(t)] = ae P} (4c)

=it {t> 0 le(t)] = aye '}, (4d)

where (4a) and (4b) are respectively the event-triggered
distributed observer for leader’s states v and qo; (4¢) and
(4d) are the event-triggered mechanism respectively for

the triggering times ¢,* and t]*, with
evi(t) =vei(ty") — vei(t), t € [t 1100 1),
eni(t) =nei(ty") — mes(t), t € [t 1]11).

(5a)
(5b)

Two standard assumptions are as follows:

Assumption 1. All the eigenvalues of S are semi-simple
with zero real parts.

Assumption 2. The switched digraph G, () is jointly con-
nected with node 0 as the root. That is, there exists a
subsequence {j : k = 0,1,2,...} of {j : j = 0,1,2,...}
with ¢;,, — t;, < T for some positive T' such that
node 0 can reach every other node in the union graph

Go(t)-

Remark 1. Under Assumption 1, the leader system is able
to generate a large class of reference trajectories including
step functions and sinusoidal functions with arbitrarily
unknown amplitudes. Assumption 2 is the mildest restric-
tion on the digraph G,y which allows the graph to be
disconnected at every time.

Utjk St<tjp

The main result of Wang and Huang (2022) is summarized
as follows:

Lemma 1. Under Assumptions 1 and 2, there exist 85 > 0
and 37 > 0 such that, for any p, > 0, uy > 0, > 0,0 >
0, for any 0 < 8, < 7, 0 < 8, < f3;, and, for any initial
condition with ¢o(0) € Q,, the trajectories of (3) and (4)
exist for all ¢ > 0 and are such that for all i = 1,..., N,
lims o0 (v;(t) —v(t)) = 0 and limy o0 (7:(¢) — qo(t)) = 0
both exponentially.
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Remark 2. Due to Lemma 1, the dynamic compen-
sator (4) is able to exponentially estimate the leader’s
states v and ¢o; and from (4), the inter-agent signals
Ho D jen, vy (Vi (8) — vilt)) and iy 375 ¢ )(m( ) — mi(t))
are only updated at the triggering time ¢} and ¢, re-
spectively. Thus, we call (4) the event—triggered distributed
observer for the leader system (3). However, one weakness
of Lemma 1 is that it only guarantees the existence of the
upper bounds 3; and S without knowing their specific
values.

In this paper, we will further show that 3, and 3, may
take any positive value if we strengthen Assumption 2 to
the following form:

Assumption 3. The digraph G, ) is jointly connected with
node 0 as the root, and every node in the union graph
U,ep Gp is not reachable from itself.

In what follows, we call a switching graph G, ;) satisfying
Assumption 3 jointly connected acyclic switching graph.

3. SOME STABILITY RESULTS

In this section, we present some stability results on some
classes of linear time-varying systems, which will be used
to establish our main results in the subsequent sections.

Lemma 2. Suppose that the following system

(t) = A(t)z(t) (6)
is exponentially stable at the rate of at least (i, i.e.,
its state transition matrix ®(t,7) satisfies ||®(¢,7)| <
are P17 for some ai, 31 > 0. Let b(t) — 0 exponen-
tially at the rate of at least fa, i.e., ||b(t)]| < age™P2t for
g, B2 > 0. Then, the solution of the following system

x(t) = At)z(t) + b(t) (7)
is such that ||z(¢)|| < ae™?*, where o > 0 and

3= min{B1, B2} if 1 # Po;
T Bi—ce if 81 = Bo.

for any e € (0, 81).

Proof: For any x(0), the general solution of the system (7)
is given by

£(t) = B(t,0)(0) + /0 e b ()
Taking the norm on both sides gives
(&) <[ (%, 0)[[[l=(0)]] + /Ot 1 (&, )I[|b(7)]|d7
<age Ptz (0)|| + /Ot e P g ey

t
:alefﬁltux(o)”+a1a26761t/ o(Br—B2)7 g
0

ane P e(0)| + 5 (e e )
B1— P .
- if 81 # Bo;
a16_61t||x(0)|| + ayagte Mt
if B1 = e,

which implies ||z(t)|| < ae™F?. ]
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Now, consider the following system

i(t) = (block diag(G1(t), ..., Gn(t)) — u(F(t) @ 1)) z(t),
(9)
where u > 0; € R is the state; Gi(t),...,Gn(t) €
R**4 are bounded skew-symmetric matrices; F(t) =
[fis(®]Y;=1 € RN*N is a lower-triangular, piecewise con-
tinuous, and bounded matrix satisfying the following as-
sumption:

Assumption 4. Foralli=1,..., N and allt > 0, f;;(¢t) > 0,
and there exists positive constants 0y and T such that

ftHTO fii(T)dT > d0To.

Before presenting the stability result of (9), we first estab-
lish a technical lemma as follows:

Lemma 8. Under Assumption 4, for any p > 0 and for all
1=1,...,N, the origin of the following system

2(t) =(Gi(t) — pfu(t) 1s) F(2), (10)
where # € R*, is globally exponentially stable at the rate
of at least udy.

Proof: Inspired from Su and Huang (2012), let ®;(¢,7) be
the state transition matrix of the following system:

(t) = Gi(t)z(t). (11)
Performing the state transformation z(t) = ®,(0,t)Z(t)
gives

2(t) =9 (O t)z(t) +
== 0;(0,£)Gi(t)Z(t) + 3(0,8)(Gi(t) — pufia(t)14)Z(t)
= — pfi(@®)Pi(0,0)(t) = —pfii(t) L12(1). (12)
Keeping in mind the diagonal structure of —p f;;(¢)I4, one
may conclude from the proof of Lemma 3.2 of He and
Huang (2021) that there exists a constant a3 > 0 such
that

®;(0,t)x(t)

l2(6)]] < aze™*"||2(0)]. (13)
For (11), using the skew-symmetry of G;(t) gives
d .
3 ZOIF =220 T3 (1) = 22(t) " Gs()z(t) =0, (14)
thus, ®,(t,0) is bounded for all ¢ > 0. As a result,
2] =[1i(t, 0)2(t)]] < aze™ | @i(t, 0)[[|2(0)]]
< age” " (0] (15)
for some a4 > 0. O

Now we are ready to present the convergence result of
system (9).

Lemma 4. Under Assumption 4, for any initial condition,
the trajectory of (9) satisfies

|z(@)]| < ase™ 0= |z(0)]|
for any € € (0, pudo), where a5 > 0.

(16)

Proof: Let © = [v],79,....,7]  where z; € R* i =
1,...,N. Then, (9) is equivalent to the following system:
(t) =(G1(t) — pfrr(t) )21 (1), (17a)
da(t) =(Ga(t) — pfaz(t)Ia)2(t) — pfor(t)a1(t), (17b)
i5(t) =(Gs(t) — pfas(t)Ls)as(t) — pfar(t)wi(t)
— 1fa2(t)z2(t), (17c)
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N-1
in(t) =(Gn(t) — pfun () s)zn(t) — Z pfni(t)wi(t).

(17d)

In what follows, we will show the claim of this lemma
by induction. First of all, (17a) is globally exponentially
stable at the rate of at least udy by invoking Lemma 3
with 4 = 1. Then consider (17b), which takes the form (7)

with A(t) = Gg(t) - /J,fgg(t).[4 and b(t) = —/J,le(t)xl(t).
Since by Lemma 3, system
ia(t) = (Ga(t) — pfaa(t)Is)xa(t)

is globally exponentially stable at the rate of at least udo;
and from our previous argument, —u fa1 ()21 (t) also tends
to zero exponentially at the rate of at least udg, invoking
Lemma 2 concludes that x2(t) — 0 exponentially at the
rate of at least pdg — € for any € € (0, udg) as t — oo.

Now consider (17¢), which takes the form (7) with A(t) =
pufsa(t)z2(t).

G3(t) — pf3s(t) Iy and b(t) = —pfa1(t)w1(t) —
Since, by Lemma 3, system
d3(t) = (Ga(t) — pfas(t)a)z(t)

is globally exponentially stable at the rate of at least
1oo; and from the previous argument, —pfs1(t)z1(t) —
1fs2(t)za(t) tends to zero exponentially at the rate of at
least udyg — € for any e € (0, udp), Lemma 2 implies that
x3(t) — 0 exponentially at the rate of at least udy — € for
any € € (0, udo) as t — oo.

Repeating the above steps concludes that, for all i =
2,3,...,N, x;(t) — 0 exponentially at the rate of at least
oo — € for any € € (0, udo) as t — oco. Thus, the origin of
(9) is globally exponentially stable at the rate of at least
oo — € for any e € (0, udp), in other words, (16) holds for
any initial condition. O

4. EVENT-TRIGGERED DISTRIBUTED OBSERVER
OVER ACYCLIC SWITCHING GRAPHS

In this section, we will establish our main result. Let us
first note that, under Assumption 3, by properly number-
ing the nodes, the weighted adjacency matrix A, and
the corresponding H, ;) are both in lower-triangular form
with h;;(t) > 0 for all t > 0 and ¢ = 1, ..., N. Moreover, by
Remark 4.1 of He and Huang (2021), there exists d; > 0
such that, for any ¢ > 0,

t+2T
/ h“(T)dT Z 251T.
t

o(t) satisfies Assumption 4 with dp = d;

(18)

In other words, H,
and Ty = 27T

Let v, = v; — v and 7; = 1; — qo be the tracking errors

of v and ¢ of follower i. Define ¥ = col(?y, ..., On) and
77 = COl(ﬁlanwﬁN)‘ AISO, for any 'y = [y17y27y3] ) let
M :R3 — R**4 be such that
0 yda —Y2
_ | 7Y Y1 Y2
Mly) = yv2 =y 0 s (19)
—y1 —y2 —y3 O

Then, from Wang and Huang (2022), the error system of
(4) can be put as follows:

@(t) =A, (t)ﬁ(t) + ey (t)a (203)
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n(t) =An(£)n(t) + Fa(t) + en(t), (20b)
where A,(t) = 2Iblock diag (M(Ev1),..., M(Evy)) —
( o(t) & 14); A (t =INn®S - :U'U(Ha(t) 02y In)a Fd(t) =
COl( M(Ev1)qo, ..., s M(EN)q0), €y = col(ey, ..., eun),
en = col(enl7 JEnN)-
Our main result is summarized as follows:
Theorem 1. Under Assumption 1 and Assumption 3, for
any [y, 0y, ay > 0, let p, > %f”, By € (0, %51_”5”)7 and
By € (0,min{p,, pty01}). Then, for any initial condition
with ¢o(0) € Q,, the trajectories of (3) and (4) exist
for all ¢ > 0 and are such that for all + = 1,..., N,

lims 00 (v;(t) —v(t)) = 0 and limy o0 (7:(¢) — go(t)) = 0
both exponentially.

Proof: First consider (20a). Let [0,T%,) with 0 < T, < o0
be the maximally defined interval for the solution of (20a)

with the triggering mechanism (4c). By Theorem 4.1 of
He and Huang (2021), under Assumptions 1 and 3, let

Moy > 2HSH , the origin of the following system

o(t) = A, (t)o(t) (21)
is globally exponentially stable at the rate of at least

“”51 - ||SH Set 0 < 3, < ”“51 — [|S]]- Invoking Lemma 2
to (20a) gives, along the trajectory of (20a),

[5)] < core™", t € [0,T),
for some ¢,1 > 0.

(22)

Next, we show that there is a positive lower bound of
the inter-event time ¢/, —t,”*, which implies that Ty, =
oo. First note that, for ¢t € [t};’i,t};il), Llew (@)
calll bl < e,y (1)]), and (4a), (4c), (22) imply that
there exists ¢,o > 0 such that, for t € [t,”, v ),

k+1
d . .
d*llem(t)\l < lewi@) = lloei (D)

Y (Sv] )+ v (1)) = Salt) = va(t)) H

JEN
gM,Z<%wwmww
JEN(t)
o T et - entt) + ) - o) |
JEN(t)

<cpoe Pt t e 0,13)).
Since em-(tZ’i) =0 for all 4, k, (23) further yields

t .
lews®) < [ evae7dr = S2ee (et 1)
Ut Bv

k

for t € [t .0 1)-

Note that the right-hand side of (24) is monotoni-
cally increasing with respect to ¢ and the next trig-
gering time instant ¢, must satisfy |le,i((t,},)7)[ >
e Pt which, together with (24) gives tZil — >
B%ln (%’i’” + 1). As ,8% In (O‘;’T’i“ + 1) is a positive con-

stant independent of ¢, we conclude that there is a dwell
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time no smaller than [% In (O‘;—’i“ + 1) between any two
triggering time instants of (4a).

Now we turn our attention to (20b). First consider the
following time-varying system

i(t) :(%block diag (M(Bvy), ...,

— ia(Hoey © 1) )i(2), (25)

which takes the form (9) with G; = $M(Ev;), p = py,
F(t) = H,@). Since under Assumptions 1 and 3, (25)
satisfies all the conditions of Lemma 4, it is globally

exponentially stable at the rate of at least yu,0; — € for
all € € (0, f1y01).

Now consider (20b). Let [0, T},) with 0 < T}, < co be the
maximally defined interval for the solution of (20b) with
the triggering mechanism (4d). Since ||e, (t)|| < Na,e=?nt
by (4d) and || Fy(t)|| — 0 exponentially at the rate of at
least (3, by (22), letting 0 < £, < min{f,, uyd1} and
making use of Lemma 2 gives

17N < e,
for some c¢,;; > 0.

M(Evy))

tel0,Ty)), (26)

Next, we show T}, = oo. First note that, for t € [t} ¢} ),

k+1/»
Slen(®)] = G < Jlén()]l. By (4b), (4d), (5b).

for t € [t} tZil)

%Hem‘(t)ll <éns@®N = lInes @)

1 1
S‘ Hn Z (277j © Q(Evj) — Uk ©) Q(E'Ui)) H
JEN (1)
- ‘ oy Y (nej(tZ’]) - nei(tZ’z)> H
JEN; (1)
1
< > (G0-meaE)|
JEN; (1)
1
+ ||y (2 — 7 @Q(EU ))
JEN;(t
1 -
+ ||Hn (2(10 ©Q(ED; — EUz))
JEN; (¢
1 -
+ (2 7 © Q(Ev; — Evz))
JGN

+ ||t Z (en;(t

JEN(t)

—eni(t)) + (e (t) — mei(t))) H

(27)
Since, under Assumptions 1 and 3, for any £, <
min{\,, 3.}, each term on the right-hand side of (27)
exponentially converges to zero at the rate of at least 5,
there exists some ¢,z > 0 such that

Slen )l < eqze™P1, t € 0,77,
Like the previous argument, (28) further yields
t .
len(®)ll < / e = St (P 1)
2

' (20)

(28)
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for t € [t]",t}')) since ey (t]") = 0; and the event-
!

triggered mechanism (4d) implies that [|e,:((t}/,)7)[ >
which, combined with (29) yields th_l —
(e
which is independent of ¢, between two triggering times
f (4b). As a result, the solution of the event-triggered
distributed observer (4) is well-defined over [0, 00). This
fact together with equations (22) and (26) concludes that

limg o0 (v;(t) —v(t)) = 0 and limy o0 (7:(¢) — qo(t)) = 0
both exponentially. The proof is thus completed. a

_ B ¢
Qpe Bn k1,

tZ’i > > Thus, there is a lower bound,

Remark 3. Since both i, and p, can be arbitrarily large,
By and B, can take any positive numbers. Thus, Theorem
1 effectively overcomes the drawback of Lemma 1.

Remark 4. It can be easﬂy shown that the positive lower
bounds of th_l —.tk and th_l 7" are monotonically
decreasing respectively with respect to B, and 3,. Thus,
even though large 3, and 3, will lead to faster convergence
rate, they may incur shorter dwell time for the sequence

£ and ¢}, respectively.

5. AN APPLICATION TO THE COOPERATIVE
RIGID BODY CONTROL PROBLEM

In this section, we will apply the event-triggered dis-
tributed observer to the leader-following attitude consen-
sus of multiple rigid body systems as studied in Liu and
Huang (2018). Define the attitude tracking error ¢.; and
the angular velocity tracking error we; as follows:

Qei =45 © Gi, (30a)

wei =w; — C(gei)wo (30b)
By Proposition 1 of Yuan (1988), the body frame of the
ith follower coincide with the body frame of the leader if
and only if §.; = 0. Thus, the leader-following consensus
problem is formulated as follows:
Problem 1. Given the leader system (3), the N followers
(2), and a digraph G,(;), design a distributed control law

such that, for any initial condition with ¢;(0) € Q,,, there
hold limy¢ s o0 Gei (t) = 0 and lim; oo wei(t) = 0,7 =0, ..., N.

Following the same argument as that in Wang and Huang
(2022), the solution of Problem 1 under jointly connected
acyclic graphs is summarized as follows:

Theorem 2. Under Assumptions 1 and 3, for any p, > 0,
a, > 0, an > 0, ki; > 0, ko; > 0, let Wy > 21151

01
Bv € (0, “”T‘Sl — [|S]), and B, € (0,min{p,, it,61}). Then

Problem 1 is solvable by combining the event-triggered
distributed observer (4) and the control input

U; (t) = — kQZ'Zi + w; (t)XJZ'OJi (t)

)

— Ji((2i(t) = k1iGei(t)) ™ Clqei(t)) Evs(t)
+ %ku(q-ei(tﬂg () (2 (0) — kridei (1))
— C(qei(t)) ESvi(t)).

Next, we use an example to illustrate our approach.
Consider the case where N = 4. The inertia matrices of

11—+ 0.3 —-0.2
follower ¢ is given by J; = l 0.3 9—1¢ 0.1 ]; and the
—-0.2 0.1 6—1



5274

020
-200
000

leader takes the form of (3) with S = , E=1Is.

It is clear that Assumption 1 is satisfied.

The switching communication network is generated by the
switching signal being given as follows:

1,if k77 <t < (k+0.25)T1

2, if (k+0.25)T1 <t < (k+0.5)Ty
3,if (k+0.5)T1 <t<(k+0.75)T
4,if (k+0.7)T <t<(k+ 1T
with 77 = 1 second and k = 0,1,2,.... The edge sets for
o(t) = 1,2,3,4 are respectively given by & = {(1,3)},
E={(0,1)},E =0, = {(1,2),(3,4)}. It can be verified
that the switching graph satisfies Assumption 3. Moreover,
by simple calculation, (18) holds with §; = 0.25.

o(t) = (31)

As Assumptions 1 and 3 are all satisfied, a distributed
control law in Theorem 2 can be designed to solve Problem
1. The design parameters are u, = 20, o, = 5, 8, = 0.45,
tn =10, ay =5, By, = 0.4, k1; =10, koy = 3,1 =1,2,3,4.
It can be verified that the above setting satisfies the
conditions in Theorem 2.

The performance is evaluated under random chosen initial
conditions. As expected, the estimation errors approach
0 asymptotically, and the attitude and angular velocity
tracking errors both converge to zero as ¢ — oco. Due to
the space limit, all figures are removed.

6. CONCLUSION

In this paper, we have investigated the design of the
event-triggered distributed observer problem in Wang and
Huang (2022) by assuming that the communication net-
work is acyclic. As a result, we have shown that the two
design parameters 3, and 3, can take any positive value
by choosing other parameters appropriately. We have then
applied our event-triggered distributed observer to the
leader-following consensus problem of multiple rigid body
systems and illustrated our design by a numerical example.
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