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1 Proof of Theorem 1

From Egs. (13) and (15), the filtering error covariance matrices of unknown inputs and system states
can be derived as follows:
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It follows immediately from

E{&;(1e[1)aT (1)} = 0,
E{&;(lello)vi (le1)} = 0,
E{&(l)vi (le11)} = 0,
E{&(l)o] (le41)} =0,

that 77 =0, =0,7,=0,15=0,77 = 0,73 = 0,779 = 0,171 = 0. Nevertheless, the two other cross terms
E{%;(ILe)l;)oF (Ii+1)} and E{v;(l;41)0} (l,41)} are not equal to zero, which requires further discussion.

According to the definitions of o;(l;+1) and J;, one can easily obtain
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Besides, in light of the adaptive event-triggered mechanism, it is not difficult to find that
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By means of Lemma 1, one obtains
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Taking them into account, one further acquires
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The proof is now completed.

2 Proof of Theorem 2

It follows from Eq. (17) that the upper bound =; 4(I;) of the filtering error covariance of unknown inputs

can be rewritten into a more compact form:
Eialle) = Liller1)Oi(ler1) Lille4) T (S6)

In what follows, under constraint (13), a Lagrange multiplier A;(l;+1) is introduced to construct a new

function

H(Li(le41), Ai(le+1))
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+ (I = Li(le+1)Cille1) BU)) AT (Le41)-



Using the completing-the-square method, one can further achieve
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— A1) (Cillir)B()) 67 Ly 1) (Cillir) BUD)) AT (lin).-

It can be seen that H(L;(l;41), Ai(l+1)) is minimized when the gain L;(l;41) is taken as
Li(lir) =

(I
i(lig1) = Ai(Le1) (Colliy1)B(1) " O;  (leya)-
)

Substituting it into constraint (14), we have

Ai(li41) = ((Cillir1)B(10)) T O; (11 (Cilliy1) B(1:))) ™

Obviously, the upper bound (17) takes the minimum value when the inequality in problem (25) holds.
On the other hand, =; ;(l;+1]li+1) can be rewritten as
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Following the same methodology for function H(L;(li4+1), Ai(Sk+1)), one has

Sia(liallie)
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It is easy to see that = ;(l¢41]l4+1) is minimized when

Ni(le1) = Pi(l)C; (L) 27 (L) (S8)

Noting the definition of N;(l;+1) in Eq. (S8) and the value of L;(sx+1) in Eq. (19), one has

®;(11)C} (1i41) 92 (li41)
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Furthermore, we have
Ki(li41)
=(@i(1)C; (le41) 92 (Le41) = BUe) Li(le1)) (I = Cile1)B(Le) Li(Le41))T
={@:(10)C (141) 92 (le1) = BUL)(O5" (141)) " (Cille1)B(14)) "
-0, (i) (I = Cilli ) BU) (5 (i41)) ™ (Collir)B(1) T O (11)))

Finally, it is not difficult to see that the upper bound = ;(I;41]lt+1) is minimized when the above equation
holds. The proof of Theorem 2 is completed.

3 Proof of Theorem 3

For convenience, we first define the following notations:

1(le41) =L = Ni(li1)Ci(li41))A),

A2 (L) =(I = Ni(le41)Ci(le41))A(l),
fillir1) =Ai2 (L)@ (le) = Nileg1) (Vi (legr) — oi(leg)),
Z(lir1) =(I = Ni(li41)Ci(leg 1)) AW (1) AT (1) (I = Ni(li41)

W
Ciller1))" + (1 = 28:)Ni(lea1)Vi(leg ) N; (L)
+ (14 H)pNi(ler )N (lega).
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Obviously, the filtering error dynamics (16) can be rewritten as

Ti(legllegr) =Ai1 (L) T (le|le) + filleg), (510)
and the upper bound in Eq. (18) can be rewritten as
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(I = Ni(le41)Cille41)) " + Z(let) (511)
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In what follows, we introduce a quadratic function
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Then we have
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According to Eq. (19), Eq. (20), and inequality (22), we have
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and
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Noting the expression of N;(l;+1) in Eq. (S8), we can obtain
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On the other hand, one can derive
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Then, one has
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(
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For any scalar €; > 0, it is not difficult to derive that

E{Vipsr (Follesillesn) | E010))} — (1 + ) Vip(@a(llio))
=E{(Ai,1 (L) & (Lelle) + filler1))T Z 0 Qo) (Aia (1) Zi (Lol

+ filles)} = (U4 €)@ (alle) =75 (Lell) s (L] l)
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ie W) Zi(Lelle)} + (L + & DE{S (1) =7y (e lli) fillesn) -

Using the matrix inversion lemma, the matrix in the first term in the above equation can be handled as
follows:
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which means
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£
)+ ) ) + (4 )1{ (s19)

Such an inequality can be rearranged by
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<X Vi (2 (L)1) + (S19)
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where Y
x=(+e)1 -1+,

n=1+¢")

(bS]

Obviously, there exists a positive scalar ¢; such that 0 < xy < 1. Subsequently, we can obtain from inequality
(S19) that
E{|| &i(le+1le41) 1%}
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Eia (bl 1) @i (e |leg1) }
<PE{V; k1 (Zi (Leg1le41)) }
ran HEAONRES TIPS
1=0
k-‘rl]E 7.(0 2 1577 )
XFHE() (0 ) + 2

<

IS 13

<

IS 13

Based on the above discussions and Definition 1, we can know that the filtering error ; (I+|l;) is exponentially
bounded in the mean square sense. The proof of Theorem 3 is completed.
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