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~ Abstract— Standard discrete-time control laws consider pe- Recent works [4], [5], [6], [3], [7], [8] on event-driven
riodic execution of control jobs. Although this assumption control have focused on deriving timing properties thaphel
simplifies the control design and the resource utilization analysis characterizing controllers’ resource demands. In pdetcu

for later implementation, it leads to a conservative usage of . t-dri f lati th h h ‘ob
computing resources. On the contrary, event-driven control given an event-driven formuiation, they sShow how Jobs

offers controllers with a tighter resource utilization. However, ~activation times can be derived a priori, either using appro
job executions are no longer periodic, and predicting their imations or bounds.
_computing r(_aqgirements is_ crucial for efficient implementation Complementary to these results, but aligned in the same
in severely limited computing systems. direction, this paper studies the type of activation inter-
Sampling intervals for event-driven control systems show Is that todri troll te. First of i
different patterns, ranging from chaotic behaviors to periodic vals . at event- rlvgn con ro. grs genera e.. ISt or &
osci"atory patternsy named equ”ibrium Samp]ing interval se- |00k Into under Wh|Ch Condltlons eVent'd”Ven Controllers
quences (ESIS). Focusing on resource demands predictability, in will exhibit ESIS. Afterwards, we provide methods to pre-
this paper we identify the conditions for event-driven controllers  dict/compute them, when possible.
to exhibit ESIS, and provide methods to characterize and g computational load of an event-driven controller is not
compute them. Finally, we study the transitions from ESIS to letely defined af dicti ESIS. C b
chaotic sampling. Simulated experiments illustrate the paper completely defined aiter predicting an' . Care must be
contributions. taken because not all the ESIS are desirable. In fact, ESIS ca
be consideredtableor unstable An event-driven controller
I. INTRODUCTION having an unstable ESIS may eventually switch to another
ESIS if its closed-loop dynamics are perturbed. Therefore,
predicting an unstable ESIS does not give assurances on the
controller resource demands. This problem is also covered
in the paper.

The computation load required by controllers is propor
tional to their rate of execution. Event-driven controlteyss
offers controllers with a lower resource utilization thaars

ﬁ:rr(igr?trrlgldICe(rjflcs)fr:we;ne;;t:an;g]C%netg?:lelavev\?evr:ﬂj?i\%gvgggé Finally, as stressed before, some job activation pattems a
P ' ' otic. Therefore, it is also of great importance to stumy t

. h
seems to be the natural choice for networked and embeddt??g?‘nsitions from ESIS to chaotic sampling in order to previd

control systems with sever resource limitations. HOwevefiondition for the limits on resource demands predictapbilit

implementation feasibility requires to analyze their @xac The rest of this paper is structured as follows. Section I

resource demands [3]. Unfortunately, the execution of even stablishes the event-driven control model. Sections df m

driven control jobs is no longer periodic, and estimation oF . : L
. . : : ivates the approach presented in the paper with an intuitiv
their computation load requires an accurate analysis.

In event-driven control systems, jobs executions are tri a}nalysis of ESIS. Section IV provides the complete char-
. ! Ycterization of ESIS. Section V analyzes switching between

gered by event conditions (execution rules). Generalipkspe ESIS, and to chaotic sampling. Finally, Section VI conckide
ing, these rules ensure that the plant will be sampled andtl’?‘e p:aper ’ '
new control signal will be applied when the system trajgctor '
will reach a boundary defined by a tolerated distance (or||, EVENT-DRIVEN CONTROL SYSTEM MODEL
error) to the previous sampled state. Depending on several )
parameters such as plant, controller, boundary, and tetera W€ consider the control system
error, sampling intervals for event driven controllers who i(t) = Az(t)+ Bu(t)
different patterns, ranging from chaotic behaviors to quic y(t) = Cz(t) (1)
oscillatory patterns, named equilibrium sampling intérva
sequences (ESIS). Note that an ESIS may determine havinith € R"*!, A € R"*", B € R"*™, y € RY*™ and
an event-driven controller executing periodically, busaal C € R**". Let
having the controller periodically switching between two o
more sampling intervals. up = La(ar) = Lay @)

. ) be the control updates given by a linear feedback controller
This work was patrtially supported by C3DE CICYT DPI2007-81%nd desi d i h . . d in b . |
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M. Velasco and P. Martis with the Automatic Control, Techni- Samples of the state at discrete instamisaq,...,ax, .. ..

cal University of Catalonia, Pau Gargallo 5, 08028 BarcaloSpain Between control updatest,(t) is held constant. In periodic
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The system trajectory, after the sampling timg evolves Note that the inverse implication is not true. Two states

according to having different directions can present the same sampling

interval becausd ~—!(z, T,n) may be a multi-valuated func-
Vt>ar x(t)=(®(t—ar) +T(E—ar)l)z B) 4o, (,,m) may
where® : R — R™*" andI': R — R"*™ are defined by g Example
o(t) = e and T(t) = /t A ds B Throughout the paper, we will illustrate the different
0 results using the double integrator system
Let %= Ax + Bu
ex(t) = z(t) — zk 4

where

be the error evolution between consecutive samples with = { 0 1 ] B { 0 }

t € [ax,ary1]. For several types of event-driven control ap- 0 0]’ 1]

proaches, e.g. [4] or [7], event conditions can be gen@@liz Fo jl|ustrative purposes, we will consider
by introducing a generic functiorf : R™” x R” — R that

defines a boundary measuring the tolerated error with réspec oy et = ma T, (10)
the sampled state. The condition that must be ensured is

flex(t), z, 1) <7 (5) (x(t) —ap)" (2(t) — xx) = iy (11)
where ) is the error tolerance and = {v;, vy, ..., v} as execution rules for triggering the control updates given
v; € Ris a set of free parameters. Henceforth, the consider&y & continuous feedback lal = [ L ©2 ]. Eq. (10)
boundaries will be restricted to intuitively mandates to trigger more frequent control upda

when the state moves fast while (11) is a typical quadratic
f(x(t) =z, 25, T) = f(2(t) — cag, ey, 1) (6)  execution rule, similar to that used for example in [4]. In

10), @+ = (A+ BL)xy, denoting the state derivative once

wherec € R. That is, we consider boundaries that scale wit )
N the controller has been applied to the sampled state.

the state along any direction.
Observation 1:Restriction (6) means that states having I1l. 1-ESIS CHARACTERIZATION: THE
the same direction will have the same sampling intervaleNot MOTIVATING ANALYSIS

that if the sampled state scales by two, the control signial wi |, many cases, for an small tolerated error, the dynamics

also scale by 2 (2) and therefore the closed loop state Wil o event-driven control system are given by the dynamics

move twice faster. And since the boundary is twice *biggerys the continuous system. In this cases, if the eigenvalue of

(6), the time taken by the state to reach it will be the samene continuous closed loop matrix with largest real part is

Hence, we can define the complete dynamics of the evensy| the event-driven system will exhibit a 1-ESIS. This is
driven system by the + 1 non linear discrete-time system -yndensed in the following proposition.

apr1 = ap+ Axg, T,n) R Proposjtion 1 Cpr]sider an event—Qriven control system

Tpr1 = (P(A(zr, Y, n) + T(A(zk, T, n)) L)y (21)-(2) with (5) fulfilling (6) such that}]% A(z;,Y,n) =0.
whereA : R* — R is the solution to (1), (2), and (5) that FOr this system, lex = maX(Re(/_\7;1)) where(A+BK)v; =
gives the sequenchu,} of activation times. Aivi- If A€ R andn << 1, thenh” = A(v;, T, 7).

Proof: Let thezy., dynamics of (7) be rewritten as
Tpy1 =z + V(A(zg, T,m))(A+ BK)z,  (12)

where [1]

A. Preliminaries
Definition 1: Let

hiy1 = Ay, T, n) 8)

t
. . . _ As _ _
denote thek+1t" sampling interval as the time elapsed from ~ ¥(t) = / e®ds , ®=I+AV , I'=VUB

0
ay to Qfd1- .
Definition 2: Let the n-equilibrium sampling interval se- For_n << 1, the time elapsed from the sampled state to
quence (n-ESIS) reaching the boundary tends toward zero. Hence, the Taylor

B series of¥(-) converges, and the first order approximation
h"™ ={hy,ha,...,hp} (9) is given by U(A(zk, Y,n)) ~ A(zg,Y,n). Using this

- . . approximation (12) gives
denote the periodic sequence af consecutive sampling PP (12)g

intervals. Tpa1 =~ xp + A(zr, T,n)(A+ BK)xy, (13)
From observation 1, and also similar to the approach tak
in [8], the following lemma holds.
Lemma 1:For an event-driven control system (1)-(2) with
(5) fulfilling (6), Yx;, z;, if z; = Az;, A € R, then it holds
that A(z;, T,n) = A(z;, T, n). '+ Az, T,n)(A+ BK)z* = \z™ (14)

%onsidering Lemma 1 and the system’s dynamics, the system
will have an 1-ESIS ifxy 1 = Axg, that is, if it existsz*
such that
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Fig. 1. Sampling interval sequence. Fig. 2. Sampling interval sequence forming an 4-ESIS
Reordering (14), which recursively iterates from a given state the discrete
) event-driven dynamics (7) considering the corresponding
(A+ BK)z" ~ Nu (15)  sampling interval.

_ . (/. wn n
where \ = ﬁ Since N € R, it follows that h! ~ Definition 5: Let /o (-) : R" — R
A(z*, T, n). Fe(i) (An) = {z€ RT’/fei(azo) =x,Vzo € A} (19)

be the set of points ifR™ resulting from applying —times

[ ]
Proposition 1 can be read as states lying on real eigenvegs, .- o "o qiven dynamics to all point&Rih having
tors of the closed-loop system will exhibit a 1-ESIS. NOtethe same sampling interval

that real eigenvectors are equilibrium directions. . . .
Example 1:Consider the double integrator system with Theorem 1:If an event-driven control system (1)-(2) with

execution rule (10) wherg = 0.0001, and feedback gain ) fﬂgﬂ”m% Eﬁ) g‘(ﬂ')bf ai r;\—ES_IS, X‘en It eX.IStSA.Bh ?ndt
L = [ -30 —11]. From (15), the eigenvectors of therGF(n)s(u)c atFe ™ (An) = An, Le., Ay is an invariant se

T e © ).
closed loop system are; ; [ 01961 —0.9806 } and Proof: Having n-ESIS means that there is a sampling
v = [ —0.1644 0.9864 |* with A, = —5 and)> = =6 interval sequencé™ = {hy, ho, ..., h,} such thath, ,; =
as eigenvalues, respectively. Taking into account thamfrohi_ Suppose thaFé”)(Ahi) # Ap,. Thendz € Fe(”)(Ah,)

(10) it follows that such thatA () # h;, which contradicts the n-ESIS existence

T assumption.
A(J"ky Tﬂ?) = \/77 bk ) (16) n
i (A+ BL)"(A+ BL)xk Example 2:For standard linear discrete-time control sys-

the dominant eigenvector gives an approximate 1-ESIS §ms with periodic samplingh,, A, = R". As pointed
h' = 0.0020 seconds. To corroborate this result, Fig-OUt in [6], for standard discrete-time periodic systemg th
ure 1 shows the sampling interval sequence for the everfoundary that generates constant sampling is given by
driven controIIeTr when the_ pl_ant _initial _cono!itions arg = efe, = 2FQ(t)xy (20)
[ 0.54 0.84 |". The z-axis is simulation time, and each r
control update is represented by a dot, whose height ireticatVhereéQ(t) = (®(t) +I'(t)L —1)" (¢ () +I'(t)L - I). From
the time (in seconds) elapsed to the next control update, tHZ0) it f0||('_z\1l\)lS that any controller has a 1'_ES|S"?1f = {hs}
is, the sampling interval length. As it can be seen in thB8CaUSEFe " (An) = Aj. I\(Igte that for this particular case,
figure, the sampling sequence shows an asymptotic dynamibs is an invariant set ofe"'(-), i = 1,2,3,... because\,

toward 0.00205 seconds. is defined to be constant.
Example 3:Taking the system of example 1I-B with ex-
IV. GENERAL n-ESIS CHARACTERIZATION ecution rule (11) withL = [-1 — 2] andn = 0.368,
Definition 3: Let it holds that Fé4)(A0'4557) = A0,4557 where A0.4557 =
{a[0.9865,0.1638)T, o € R} U {3[0.5164, —0.8564]T, 3 €
Ap ={z € R"/A(z,T,n) = h} (17) R}. In fact, this system has an 4-ESIS dff =

{0.4557,0.5704,1.1173,1.2239}, as illustrated in Fig. 2.
Therefore, Ag 5704, A1.1173 and A1 2039 are also invariant
sets ofFe(4)(-).

be the set of points iiR™ having the same sampling interval.
Definition 4: Let £{”(:) : R» — R" be the event recur-
sive map defined as

A. DeterminingA,
1 ()

(1) -7 0) For a given linear event-driven control system setup,

fer(x) = (®(A(fe (). T,n))+ theorem 1 is the condition of existence of an n-ESIS, but

I'(A( © (I)’Tvn))L)fe(o) (z) it does not provide methods to compute it. The following

fe@ (x) = (®(A(fX(z),Y,n))+ proposition provides a sufficient condition that permits to
T(A(fL(z), Y, n)L) P (2) (18)  easily compute some n-ESIS.

Proposition 2: For an event-driven control system defined
- ‘ by (1)-(2) with (5) fulfilling (6), if 3\ € R andz* € R™ such
@) = @AV (@), T,n)+ that A\z* — (%), then A, = {z € R"/A(z,T,7) =
DA™ (@), 1) L) £ () A", T, )}



Proof: If \z* = fe” (z*), thenz* is an eigenvector
of fe(’)(~) and thus its direction does not change, i.e., it's an
equilibrium direction. By lemma 1 it holds that all points in
the line A\z* have the same period. [ ]

Observation 2:The problem of finding equilibrium di-
rections given by Proposition 2 may be read as finding
the equilibrium points of the projection of the event-drive
dynamics given byfe(’)(-) onto an sphere. The projection of
the dynamics is found by applying

Orietation [rad]

I:R* — S leRr" (21)
X
z — I(z)=—
)=

to £, The resulting functiorllfi = TI(f{") describes
how the orientation of the state changes at each iteration Orietation [rad]

by associating each state direction to a pointSitr!. The

application of (21) to the premise of proposition 2, that is, Fig. 3. 1-dimension maps for the orientation of the event drigentrol

) system dynamics
I(A\z*) = (£ (z%)), (22)
transforms to
2 =10 (). (23)

Therefore finding equilibrium directions for an event-eiv
control system is equivalent to finding equilibrium points o
erl) (). —06f

Being a sulfficient condition, Proposition 2 will not capture
all the possible n-ESIS. In fact, we conjecture that it ishiea
to capture n-ESIS of event-driven control systems wherether
are limit cycles inILf*(.).

Example 4:Consider a standard linear discrete-time con-
trol system with periodic samplingis, of dimensionn = 2. !
Consider a controller, that locates complex conjugated
discrete poles in the closed-loop discrete dynamics. s thi -t

Orietation [rad]

-09T1

=11 -1 -0.9 -0.8 -0.7 -0.6 -0.5 -04

situation,T1f*(-) has no equilibrium points and proposition Orietation [rad]
2 will fail at finding h,. However, the theorem is able to
determine its existence (as illustrated in example 2). Fig. 4. Zoom in of the previous figure.

Taking into account lemma 1, proposition 2 and observa-
tion 2, we can derive a graphical interpretation of n-ESIS
for second order system (see Figures 3 and 4). Consider thear [0.8,0.8] evolves to a 4-cycle orbit. This fact can be
diagram where the variable of interest is the state vectdetter observed in the detailed plot 4.
orientation. In this bi-dimensional state space, we repres .
S' by the intervall0, 27]. The diagram has two curves gen-B- Stability of n-ESIS
erated by 1-map defined és., : [0, 27] — [0, 27] such that Theorem 1 and proposition 2 do not differentiate between
Opr1 = arg [(D(A(xy)) + T(A(zg))L) [cos(6x) sin(fg)]]. stable and unstable n-ESIS. Consider that the starting poin
This map shows how the orientation evolves at each st&f a given event-driven dynamics belongs to an unstable n-
as function of the previous orientation. The first curve i€SIS. Although the dynamics will stick to this sampling
generated by the 1-mag, € [0,2n], that is, it gives all sequence, a minimal perturbation may provoke to switch
possible transitions between consecutive orientatimrsalf to another dynamics governed by an stable n-ESIS. From a
orientations. The second curve, with a squared shape, onigsource utilization predictability point of view, thidisation
gives the transitions between consecutive orientatioos fr is extremely undesirable. Predicting the computation load
a given initial orientation. When the squared curve visits af the controller in the unstable n-ESIS does not guarantee
point in the other curve (or in the diagonal) two times, an nfeasibility of the implementation because suddenly the-con
ESIS is identified. Moreover, will be the number of visited troller may demand a different load if a switch to an stable
intermediate points before revisiting the same point, mgki n-ESIS occurs. Therefore, it is of interest to study whether
an n-cycle orbit. n-ESIS are stable or not.

Example 5:Consider the diagram for example 3 shown The stability analysis of the sét; of Fe(")(~) using the
in Figure 3. As it can been seen, the squared curve startitigeory of invariant sets for discrete maps applied to (7&fis |



for future work. However, taking advantage of proposition
2, we can easily characterize the stability of the n-ESIS
generated by equilibrium directions.

Proposition 3: For an event-driven control system defined
by (1)-(2) with (5) fulfilling (6), an n-ESIS obtained by
proposition 2 will be stable if the eigenvalues of

ot L) (z)
oz

Intersampl values [s]
SO 9 o 9 9 o o
©® ® p v v L W
o © N S o ©

(24)

o
o
b

T*

/<\

0.2 0.202 0.204 0.206 0.208 0.21 0.212 0.214 0.216 0.218 0.22
n

o
o
~

are less than one in absolute value.
Proof: It follows from observation 2 and the application
of the Lyapunov indirect method. |
Observation 3:Note that when the eigenvalues of the
Jacobian (24) are larger than one in absolute value, the n-
ESIS will be unstable. Those equal toin absolute value dynamics projected over the sphere. Such equilibrium point
require a deeper analysis. are the solutions of (27). For somg given an equilibrium
Example 6:Taking again example 3, we study whether itspoint z*, it holds thatG (z*, ) = 0. If we vary a little bitn
4-ESIS are sable and unstable. Starting from the equationith 7, the corresponding variation an= z* +dz* should
o p(4) [ also fulfil (27). Therefore, the first Taylor approximatiof o
AT” = fe( )(:C ) (25) (27) evaluated on this variation is
we can compute its solutions, which giv8s4-ESIS. By oG oG
applying proposition 3 we can conclude thaof them are  G(a™ + 027, 1+ ") = G(a7,) + 02" + -1 =0,
stable. In particular, we identified an 4-ESIS gy 4557. The K

Fig. 5. Bifurcation of the example 7

Jacobian matrix (24) for this system ate Ay 4557 is which yields to (28). _ a
Observation 4:Equation (28) describes how the n-ESIS
g— | 04238 02556 | (26) evolves as) slightly changes. Given the equilibrium state,
—0.2909 —0.1754 that is, given an starting direction and sampling interval
And its eigenvalues ar@; = 0 and A, = 0.2448, that are (¢"), we can computéh” and we can assess how’
less thanl in absolute value. Therefore, the 4-ESKS — changes ag slightly changes. This permits to determine the
{0.4557,0.5704, 1.1173, 1.2239} is stable. computational load of a controller depending for example on
7, that is, it permits to perform resource utilization anays
V. BIFURCATIONS as a function ofy.

After characterizing n-ESIS, from a controller resource 1° Study when a given event-driven dynamics jumps from
utilization point of view, it is of interest to study when the®n€ N-ESIS to an m-ESIS, we have to look when stable
event-driven closed loop dynamics jumps from one n-Es|8quilibrium points of the projection of the dyna'mlc.s on the
to an m-ESIS when a "parameter” varies, for example, sphere are no longer stable. L(_)0k|ng at (28),_ it will be_not
a function of the tolerated erray. This can be assessedWell defined when(5Z) loses its rank, that is, when its
by applying bifurcation theory, e.g. [9] or [10]. Our first eigenvalues are zero. I.n this case, one or more eigenvalues
concern is to study how small variationssjraffect n-ESIs. Of (24) reach the unit circle. That is, stability is lost. Alg
Afterward, we will study under which conditions the event-Point @ bifurcation occurs, and the event-driven dynamics
driven dynamics jump from one n-ESIS to another. jump to anot_her n-ESIS. The type of bl_furpatlon depends on

The equilibrium directions of the event-driven dynamicd!0W many eigenvalues crosses the unit circle, and how they
are the equilibrium points of its projection on the sphere'0SS it. There is a very extensive literature on this topic t

which are the solutions of perform the analysis, see e.g. [10].
_ Example 7:Consider again example 3 within the range
G(z,n) = ILf(z,n) — Mz = 0. (27)  [0.20,0.22]. This system presents an 1-ESIS;at 0.20 and

a 2-ESIS atyp = 0.22. Therefore, the Jacobian of the map
er(l)(-) presents an eigenvalue that crosses the unit circle

Cltowards outside, while the Jacobianﬂ)ff) presents one or

Proposition 4: For an event-driven control system define more eigenvalues that go inside the unit circle, having then
by (1)-(2) with (5) fulfilling (6), the evolution of an N-ESIS " e o incide. Therefore, the 2-ESIS will be stable. The

obtained by proposition 2 with respect to small changes if . . .
nis y prop P 9 corresponding values for the jacobians are

. [(0G\ oG 1, [ 02201  0.3347
or* = % 8777577 (28) Jn:0.2,m*:[0.8 —0.56]T(Hf€ ) ~ | —0.6567 —0.9671
Proof: According to proposition 2 and observation 2, n- @y — 0.0149 0.0234
ESIS are generated by equilibrium points of the event-drive *7=0-22.z*=[0.84 053y () = | o716 0.4265 |

For the sake of clarity, in (27) we explicitly show the
dependency ofe(”(-) on 1.
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Fig. 6. Bifurcation diagram for double integrator with baiany (11).

both with eigenvalues inside the unit circle. Figure 5 pnése

of n the system has an unique stable 1-ESIS, which becomes
longer as the boundary is larger, i.e., @grows. At point

n = 0.213... (as previously stated in example 7) there is
a doubling sampling interval bifurcation, which makes the
system to jump to a 2-ESIS. In fact the 1-ESIS found before
this jump is still there, but has become unstable. Progrgssi
with 7, there is a second double bifurcationzat 0.251...

And once again af = 0.2645, and so on until the sampling
sequence is considered chaotic. The transition to chaos is
not only a crossover barrier. Inside the chaotic area there
are stable n-ESIS. For example at= 0.298, inside the
chaotic zone, we find an stable 3-ESIS. Observe that there is
also a relative long 4-ESIS (the one identified in example
3) atn = 0.368. It is worth noting that the relation of
the different bifurcations in one dimensional map (as for
example in Figure 6) is related to the Feigenbaum constant.
It permits to predict the pointn(= 0.271...) at which the

a graphical representation of the stable n-ESIS as funofion
the parameten in the specified range. It can be appreciate&
that a bifurcation appears at = 0.213..., between the
identified n-ESIS. Before this bifurcation point, withireti-

ystem dynamics will switch to chaos.

VI. CONCLUSIONS

This paper tackles the problem of identifying which type

ESIS, observe that asincrements, the longer is the samplingof sampling intervals will an event-driven control system
interval. This type of figure will be further explained next. exhibit . This permits to predict controller resource dedsan

A. Transition to chaos and the endless resource deman
analysis problem

and thus implement efficient control systems in platforms
ith severe limited resources. The analysis shows when pe-
riodic sampling interval sequences exists, and also cdkliers

Parallel to studying transitions from an n-ESIS to an mproblem of transitions to chaos. Future work will develog th

ESIS, it is also of interest to study whether the transitioformal analysis for event-driven systems applying synoli
brings the event-driven control system to chaotic samplinglynamics from chaos theory.

The type of boundary, and how its parameters are selected,
may determine transitions to chaotic sequences of sampling
intervals. Achieving this scenario means that predictiognc
putational demands of controllers is no longer possible.

A dynamical system must have the following properties
[11] to be classified as chaotic:

1) it must be sensitive to initial conditions,

2) it must be topologically mixing, and

3) its periodic orbits must be dense.
These conditions may be checked before selecting the boundf!
ary or its parameters. For example, for the case of eventy
driven control systems where control updates are generated]
by (20), that is, for periodic sampling, the first propertyedo  [5]
not hold, and therefore we can “obviously” affirm that no
chaotic sampling will appear.

Although the formal analysis is left for future work, the [€]
next example illustrates some interesting concepts ingerm
of controller resource demand analysis.

Example 8:Consider again example 3 where control up-[7]
dates were generated by boundary (11). In order to prove
for example that (11) generates chaos it suffices to shoys]
that the projection of the generated event-driven dynamic
onto the sphere, which is a 1-map, will present an 3-ESI
[12]. Figure 6 shows the last sampling interval sequencés]
after 10000 iterations of the event-driven closed-loop systenﬂll]
as a function ofp (Figure 5 belongs to this figure). By
simple inspection, we can observe that fpr= 0.298, a [12]
3-ESIS is found. Figure 6 also shows that for small values

(1]
(2]

9]
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