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Summary

Bifurcation control generally refers to the design of a controller that can modify the
bifurcating properties of a given nonlinear system, so as to achieve some desired
dynamical behavior. Typical bifurcation control objectives include, but are not limited
to, delaying the onset of an inherent bifurcation, introducing a new bifurcation at a
preferred parameter value, changing the parameter value of an existing bifurcation

©Encyclopedia of Life Support Systems (EOLSS)



CONTROL SYSTEMS, ROBOTICS AND AUTOMATION - Vol. XlII- Control of Bifurcations - Guanrong Chen

point, modifying the shape or type of a bifurcation chain, stabilizing a bifurcation point
or a bifurcated solution, monitoring the multiplicity, amplitude, and/or frequency of
some limit cycles emerging from bifurcations, optimizing the system performance near
a bifurcation point, creating a particular bifurcation purposefully, or even a combination
of some of these objectives. This chapter introduces this challenging and yet stimulating
and promising field of research, putting the main subject of bifurcation control into
perspective.

1. Introduction

Bifurcation Control, in general terms, refers to the task of designing a controller that can
modify the bifurcating properties of a given nonlinear system, thereby achieving some
desired dynamical behavior. Typical bifurcation control objectives include delaying the
onset of an inherent bifurcation, introducing a new bifurcation at a preferred parameter
value, changing the parameter value of an existing bifurcation point, modifying the
shape or type of a bifurcation chain, stabilizing a bifurcation point or a bifurcated
solution, monitoring the multiplicity, amplitude, and/or frequency of some limit cycles
emerging from bifurcation, optimizing the system performance near a bifurcation point,
creating a particular bifurcation purposefully, or even a combination of some of these
objectives.

Bifurcation control not only is important in its own right, as further discussed in this
chapter, but also suggests an effective strategy for chaos control, since bifurcation and
chaos are usually “twins” and, in particular, period-doubling bifurcation is a typical
route to chaos in many nonlinear dynamical systems.

It is now known that bifurcations can be controlled via various methods. Some
representative approaches employ linear or nonlinear state-feedback controls e.g., use
time-delayed feedback, apply a washout-filter-aided dynamic feedback controller,
employ harmonic balance approximations, utilize quadratic invariants in normal forms,
and so on. Some of these effective methods will be briefly introduced and described in
the present chapter, along with a few closely related topics, as well as some potential
real-world applications of bifurcation control and its implications to other areas of
dynamical and control systems.

This chapter is an updated and simplified version of the tutorial of Chen, Moiola and
Wang (2000) (courtesy of World Scientific Pub. Co., Singapore) and offers an overview
of the interesting but challenging, and yet quite promising field of research on
bifurcation control.

2. Bifurcation Control — The New Challenge

To start with, it may be illuminating to consider one simple yet representative system —
the discrete-time Logistic map — to see how bifurcation control is different from most
classical systems control, and how difficult this kind of control tasks would be. This
may help appreciate the technical challenge of the bifurcation control problems in
general.
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The classical Logistic map is described by
Xk+]_: f(xka p) = pxk (1_Xk)7 (1)

where p >0 is a real variable parameter. Two equilibria of the map can be found by

solving the algebraic equation x= f(x,p), which are: x*=0 and x" =(p-1)/p.
Further examination of the Jacobian, J =of /ox = p—2p X, reveals that the stabilities of
these equilibria depend on parameter p.

For 0< p<1, the point x* =0 is stable. Starting from any bounded initial point, the
iterated sequence will converge to zero as k — o« . However, for 1< p <3, all nonzero

initial points of the map converge to x* = (p—1)/p instead. The dynamical evolution of
the system behavior, as p is gradually increased from 3.0 to 4.0 by small steps, is
very complex and interesting, as shown in Fig. 1. As can be seen from the figure, at

p =3 a stable period-two orbit {xl, x2} is born out of x*, with

x22 = (1+ p+y p2-2p-3)/(2p).

As p increases to the value of 1++/6 =3.44948... , each of these two points bifurcates
out into two new points. These four points together constitute a period-four solution of
the map (at p=1++/6). As p continuously moves through a sequence of values:
3.44948..., 3.5644..., ---, an infinite series of bifurcations is created by such period-
doubling, which eventually leads to chaos:

period 1 — period 2 — period 4 — ---period 2X ... chaos

R

1.0

0.643 4

0.0

Figure 1: Period-doubling of the Logistic map.
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At this point, several control problems may be raised: Is it possible (and, if so, how) to
find a simple (say, linear) control sequence, {u,}, such that the controlled Logistic

system
X1 = F(X, p) = px A=X)+u, 2
can achieve, for instance, the following goals:

(1)  The limiting chaotic behavior of the period-doubling bifurcation process is
delayed, or completely suppressed.
(i) The first or the second bifurcation is delayed to take place, or some bifurcations
are changed either in form or in stability.
(i) The asymptotic behavior of the system becomes chaotic (if chaos is beneficial),
when the parameter p is currently not in the chaotic region.

Obviously, these are not typical objectives in conventional control theory, and may not
be solved by classical stability-based feedback control methods.

3. Bifurcations in Control Systems

The example of system bifurcations discussed above is simple but illustrative. In fact,
bifurcations can occur in many nonlinear dynamical systems, even in systems that are
under feedback or adaptive controls. This perhaps comes as a surprise to control
engineers, and may be counterintuitive; however, local instability and complex
dynamical behavior can indeed result from such globally controlled systems — if
adequate process information is not available for feedback or for parameter estimation.
In these situations, one or more poles of the closed-loop transfer function of the
linearized system may move to cross over the stability boundary, potentially leading to
signal divergence as the control process continues. Sometimes, this may not lead to a
global unboundedness in a complex nonlinear system, but rather, to self-excited
oscillations, bifurcations, and even chaos.

Automatic Gain Control (AGC) loops provide a typical example of feedback control
systems with bifurcation phenomena. AGCs are very popular in industrial applications,
such as in most receivers of communication systems. Both the Video Graphics Array
(VGA) and the detector are nonlinear, so that the AGC loop can have complex behavior
such as homoclinic bifurcation leading to chaos. Its discrete version also has the
common route of period-doubling bifurcations to chaos, similar to the Logistic map
discussed above.

As a second simple example of feedback control systems, a single pendulum controlled
by a linear proportional-derivative (PD) controller may also have various bifurcations.
In fact, even a feedback system with a linear plant and a linear controller can produce
bifurcations and chaos — if a simple nonlinearity (e.g., saturation) exists somewhere in
the loop.

Adaptive control systems are more likely to produce bifurcations than other control
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systems, due to the frequent changes of system stabilities. Different pathways that lead
to estimator instability in a model-referenced adaptive control system can be identified.
Similarly, rich bifurcation phenomena have been observed in discrete-time adaptive
control systems.

Bifurcations are ubiquitous in physical systems, need not subject to control, such as the
well-known example of power systems which generally have rich bifurcation
phenomena. In particular, when the consumers’ demands for power reach a peak, the
dynamics of the service power network may move to its stability margin. This may
yield oscillations and bifurcations, and quickly result in voltage collapse.

A typical double pendulum can also display bifurcation as well as chaotic motions.
Some rotational mechanical systems also have similar behavior. A road vehicle under
steering control can have Hopf bifurcation when it loses stability, which may also
develop chaos and even hyperchaos. A hopping robot, even a simple two-degree-of-
freedom flexible robot arm, can produce unusual vibrations and undergo period-
doubling which leads to chaos. An aircraft rotating stall during flight, either below a
critical speed or over a critical angle-of-attack, is caused by bifurcations. Dynamics of
ships can exhibit bifurcations according to wave frequencies that are close to the natural
frequency of the ship, creating oscillations and chaotic motions leading to ship capsize.
Simple nonlinear circuits are rich sources of bifurcation phenomena. Many other
systems have bifurcation properties, including cellular neural networks, laser machines,
aero-engine compressors, weather, and biological population dynamics, to mention only
those typical ones.

Given this background, it can be easily seen that controlling bifurcations will have
tremendous impacts on many real-world applications. Meanwhile, it also provides new
motivations to control theory development.

4. Preliminaries of Bifurcation Theory

This section first introduces some mathematical definitions of bifurcations.

It is convenient to consider a two-dimensional, parameterized, nonlinear dynamical
system of the form

{X= f(x y:p) 3)

y=9(X,¥;p),

where p is a real variable system parameter.

Let (X*,y")=(X"(Py), Y (Py)) be an equilibrium of the system at p = p,, satisfying

both f(x*,y";py) =0 and g(x",y"; py) =0. If the equilibrium is stable (resp., unstable)
for p> p, but unstable (resp., stable) for p < p,, then there is a qualitative change of

dynamical behavior. Here, p, is a bifurcation value of p, and (x*,y*,po) is a
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bifurcation point in the parameter space of coordinates x—y—p. A few examples are
given below to distinguish several different but typical bifurcations.

4.1. Bifurcations in One-dimensional Systems

One-dimensional maps, used to define continuous-time systems here, are convenient to
use for conceptual illustrations.

The one-dimensional system
x=f(xp)=px—x*

has two equilibria: x =0 and x;=p. If p is varied, then there are two equilibrium
curves (see Fig. 2). Since the Jacobian of the system is J = of /0x|,_,= p , it is clear that

for p < p, =0 the equilibrium x; =0 is stable, but for p > Py =0 it becomes unstable.

Hence, (X, py) =(0,0) is a bifurcation point. This is called a transcritical bifurcation.

In this and the following figures, the solid curves indicate stable equilibria and the
dashed curves, the unstable ones.

Figure 2: The transcritical bifurcation.

The one-dimensional system
x=1f(xp)=p-x°

has an equilibrium point, x =0, at Py =0, and an equilibrium curve, (x*)2 =p, at

p>0, where x;=./p is stable and x; =—/p is unstable for p> p,=0. This is
called a saddle-node bifurcation (see Fig. 3).
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Figure 3: The saddle-node bifurcation.

The one-dimensional system
x=f(x;p)= px—x3

has two equilibrium curves: one is x; =0 for all p and another is (x*)2 =p for p>0.
Its Jacobian is J = p—3(x*)2, S0 xf =0 is unstable for p>p,=0 and stable for

p<py=0. Also, the entire equilibrium curve (x*)2: p is stable for all p>0

(because, at which the Jacobian is J =-2p). This is called a pitchfork bifurcation, and
is depicted in Fig. 4.

Figure 4: The pitchfork bifurcation.

The above-discussed bifurcation phenomena for one-dimensional parameterized
nonlinear systems are usually referred to as static bifurcations. Analysis of such
elementary static bifurcations by using a frequency domain approach is not only
possible but quite efficient.
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It should be noted that not all nonlinear dynamical systems have bifurcations, as can be
verified by examining the following simple example:

x=f(xp)=p-x°.

This equation has an entire stable equilibrium curve, x= p1/3, and does not have any
bifurcation as the real parameter p is varied.

4.2. Hopf Bifurcation

In higher-dimensional systems (or maps), bifurcation phenomena are generally complex
and complicated. For instance, in addition to the aforementioned static bifurcations,
there is another important type of bifurcation existing in systems of higher dimensions
— the Hopf bifurcation, classified as a dynamic bifurcation.

Hopf bifurcation occurs in the following scenario: As the parameter p is varied to pass
a critical value py, the system Jacobian has one pair of complex conjugate eigenvalues

moving from the left-half plane to the right, crossing the imaginary axis, while all the
other eigenvalues remain to be stable. At the moment of crossing, the real parts of the
two eigenvalues become zero, and the stability of the existing equilibrium changes from
being stable to unstable. Also, at the moment of crossing, a limit cycle is born. These
phenomena are supported by the following classical result (see Fig. 5):

Theorem (Poincaré-Andronov-Hopf)

Suppose that the two-dimensional system (3) has a zero equilibrium, (x*,y")=(0,0),
and that its associate Jacobian has a pair of purely imaginary eigenvalues, A(p) and

A(p). If

ARG} L,
dp P=Po

where R denotes ‘the real part of’, then

p= p, is a bifurcation value of the system;
for close enough values p < p,, the zero equilibrium is asymptotically

stable;
3. for close enough values p > p,, the zero equilibrium is unstable;

4. for close enough values p # p,, the zero equilibrium is surrounded by a

limit cycle of magnitude O(,/| p—pg|)-
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4
RS p<po / /

P=p

P>no

P=m

Figure 5: Two types of Hopf bifurcation in the phase plane.

As indicated in Fig.5, the Hopf bifurcations are classified as supercritical (resp.,
subcritical) if the equilibrium is changed from stable to unstable (resp., from unstable to
stable), where for the latter case the eigenvalues move from the right to the left. The
same terminology of supercritical and subcritical bifurcations applies also to some other
non-Hopf types of bifurcations.

For the discrete-time setting, consider a two-dimensional parameterized system:

{Xk+1: f (X%, Yis P) (@)

yk+1 = g(xka yk7 p)a

with a real variable parameter p and an equilibrium point (x*,y"), satisfying
X" =f(x",y";p) and y* =g(x*,y";p) simultaneously for all p. Let J(p) be its
Jacobian at this equilibrium, and 4, ,(p) be its eigenvalues, with 2,(p) = 7,(p) . If

o 44(p)|

A= and SRR

0, (5)

then the system undergoes a Hopf bifurcation at (x*,y*, p*), in a way analogous to the

continuous-time setting. Both supercritical and subcritical Hopf bifurcations exist in the
discrete case, which can be determined via a sequence of coordinate transformations.

©Encyclopedia of Life Support Systems (EOLSS)



CONTROL SYSTEMS, ROBOTICS AND AUTOMATION - Vol. XlII- Control of Bifurcations - Guanrong Chen

5. State-Feedback Control of Bifurcations

First, consider a one-dimensional discrete-time parameterized nonlinear control system
of the form

X1 = F(4:p) = F(X; p) +u(X; p), (6)

where p is a real variable parameter, x, € R the initial state, and u(-) the state-
feedback controller to be designed. The map F: R — R is autonomous, representing the
dynamical behavior of the control system that can be visualized in the x, —x, ., plane,
called the discrete phase plane, where k =0,1,2,---.

Bifurcation analysis for this control system may be formulated as the following routine
checking procedure for convenience in designing the controller through a trial-and-error
process.

TO ACCESS ALL THE 38 PAGES OF THIS CHAPTER,
Click here

Bibliography
E. H. Abed and J. H. Fu, (1987) “Local feedback stabilization and bifurcation control,” Sys. Contr. Lett.,
Part I: Hopf bifurcation, Vol. 7, pp. 11-17, 1986; Part I1: Stationary bifurcation, Vol. 8, pp. 467-473.

E. H. Abed, H. O. Wang, J. C. Alexander, A. M. A. Hamdan and H.-C. Lee, (1993) “Dynamic
bifurcations in a power system model exhibiting voltage collapse,” Int. J. of Bifur. Chaos, Vol. 3, pp.
1169-1176.

E. H. Abed, H. O. Wang, and A. Tesi, (1995) “Control of bifurcation and chaos,” in The Control
Handbook, W. S. Levine (Ed.), CRC Press, Baco Raton, FL pp. 951-966.

D. M. Alonso, D. W. Berns, E. E. Paolini, and J. L. Moiola, (2003) “Bifurcation control in feedback
systems,” in Bifurcation Control: Theory and Applications, G. Chen, D. J. Hill and X. Yu (eds.),
Springer-Verlag, Berlin.

J. Alvarez and L. E. Curiel, (1997) “Bifurcations and chaos in a linear control system with saturated
input,” Int. J. of Bifur. Chaos, Vol. 7, pp. 1811-1822.

J. Argyris, G. Faust, and M. Haase, (1994) An Exploration of Chaos, North-Holland, New York.

D. W. Berns, J. L. Moiola, and G. Chen, (1998) “Feedback control of limit cycle amplitudes from a
frequency domain approach,” Automatica, VVo. 34, pp. 1567-1573.

D. W. Berns, J. L. Moiola and G. Chen, (1998) “Feedback control of limit cycle amplitudes from a
frequency domain approach,” Automatica, Vol. 34, No. 12, pp. 1567-1573.

M. E. Brandt and G. Chen, (1997) “Bifurcation control of two nonlinear models of cardiac activity,”
IEEE Trans. on Circ. Sys. — |, VVol. 44, pp. 1031-1034.

©Encyclopedia of Life Support Systems (EOLSS)


http://www.eolss.net/Eolss-sampleAllChapter.aspx
https://www.eolss.net/ebooklib/sc_cart.aspx?File=E6-43-22-01

CONTROL SYSTEMS, ROBOTICS AND AUTOMATION - Vol. XlII- Control of Bifurcations - Guanrong Chen

W. C. Y. Chan and C. K. Tse, (1996) “Bifurcation in bifurcation from a current-programmed DC/DC
boost converter,” Proc. of IEEE Int. Symp. on Circ. Sys., Atlanta, GA, June 1996, pp. 249-252.

F.J. Chang, S. H. Twu, and S. Chang, (1993) “Global bifurcation and chaos from automatic gain control
loops,” IEEE Trans. on Circ. Sys., Vol. 40, pp. 403-411.

T. R. Chay, (1995) “Bifurcations in heart rhythms,” Int. J. of Bifur. Chaos, Vol. 5, pp. 1439-1486.

D. S. Chen, H. O. Wang and G. Chen, (2001) “Anti-control of Hopf bifurcations,” IEEE Trans. on Circ.
Syst.-1, Vol. 48 , pp. 661-672.

G. Chen, (1999) “Chaos, bifurcations, and their control,” in The Wiley Encyclopedia of Electrical and
Electronics Engineering, J. Webster (ed.), Wiley, New York, Vol. 3, pp. 194-218.

G. Chen, (1998) “Chaos: control and anti-control,” IEEE Circuits and Systems Society Newsletter, March
Issue, pp. 1-5.

G. Chen (ed.), (1999)Controlling Chaos and Bifurcations in Engineering Systems, CRC Press, Boca
Raton, FL, USA.

G. Chen, D. J. Hill and X. Yu (eds.), (2003) Bifurcation Control: Theory and Applications, Springer-
Verlag, Berlin.

G. Chen and X. Dong, (1998) From Chaos to Order: Methodologies, Perspectives and Applications,
World Scientific Pub. Co., Singapore.

G. Chen and J. L. Moiola, (1994) “An overview of bifurcation, chaos, and nonlinear dynamics in control
systems,” J. of the Franklin Institute, Vol. 331B, pp. 819-858.

G. Chen, J. L. Moiola and H. O. Wang, (2000) “Bifurcation control: Theories, methods, and
applications,” Int. J. of Bifur. Chaos, Vol. 10, No. 3, pp. 511-548.

G. Chen and T. Ueta (eds.), (2002) Chaos in Circuits and Systems, World Scientific Pub. Co., Singapore.
G. Chen and X. Yu (eds.), (2003) Chaos Control: Theory and Applications, Springer-Verlag, Berlin.

X. Chen, G. Gu, P. Martin, and K. Zhou, (1998) “Bifurcation control with output feedback and its
applications to rotating stall control,” Automatica, Vol. 34, pp. 437-443.

H.-D. Chiang, T. P. Conneen, and A. J. Flueck, (1994) “Bifurcations and chaos in electric power systems:
Numerical studies,” J. of the Franklin Institute, Vol. 331B, pp. 1001-1036.

H.-D. Chiang, I. Dobson, R. J. Thomas, J. S. Thorp, and L. Fekih-Ahmed, (1990) “On voltage collapse in
electric power systems,” IEEE Trans. on Power Sys., Vol. 5, pp. 601-611.

M. B. D’Amico, J. L. Moiola and E. E. Paolini, (2002) “Hopf bifurcation for maps: A frequency domain
approach,” IEEE Trans. on Circ. Syst.-1, Vol. 49 , pp. 281-288.

I. J. Day, (1993) “Active suppression of rotating stall and surge in axial compressors,” ASME J.
Turbomachinery, Vol. 115, pp. 40-47.

I. Dobson, H. Glavitsch, C. C. Liu, Y. Tamura, and K. Vu, (1992) “Voltage collapse in power systems,”
IEEE Circuits and Devices Magazine, Vol. 8, pp. 40-45.

A. Garfinkel, M. L. Spang, W. L. Ditto and J. D. Weiss, (1992) “Controlling cardiac chaos,” Science,
Vol. 257, pp. 1230-1235.

G. C. Golden and B. E. Ydstie, (1988) “Bifurcation in model reference adaptive control systems,” Sys.
Contr. Lett., Vol. 11, pp. 413-430.

G. Gu, X. Chen, A. G. Sparks, and S. S. Banda, (1999) “Bifurcation stabilization with local output
feedback,” SIAM J. Optimiz. Contr., Vol. 37, pp. 934-956.

G. Gu, A. Sparks, and S. Banda, (1997) “Bifurcation based nonlinear feedback control for rotating stall in
axial flow compressors,” Int. J. of Contr., Vol. 6, pp. 1241-1257.

J. Guckenheimer and P. Holmes, (1993) Nonlinear Oscillations, Dynamical Systems, and Bifurcation of
Vector Fields, Springer-Verlag, New York.

©Encyclopedia of Life Support Systems (EOLSS)



CONTROL SYSTEMS, ROBOTICS AND AUTOMATION - Vol. XlII- Control of Bifurcations - Guanrong Chen

J. Hale and H. Kocak, (1991) Dynamics and Bifurcations, Springer-Verlag, New York.

D. J. Hill (ed.), (1995) Special Issue on Nonlinear Phenomena in Power Systems, Proceedings of the
IEEE, Vol. 83, No. 11.

G. loose and D. D. Joseph, (1980) Elementray Stability and Bifurcation Theory, Springer-Verlag, New
York.

W. Kang, (1998) “Bifurcation and normal form of nonlinear control systems,” Parts | and Il, SIAM J. of
Contr. Optim., Vol. 36, pp. 193-232.

W. Kang and A. J. Krener, (1992) “Extended quadratic controller normal form and dynamic feedback
linearization of nonlinear systems,” SIAM J. of Contr. Optimiz., VVol. 30, pp. 1319-1337.

W. Kang, G. Gu, A. Sparks, and S. Banda, (1999) “Bifurcation test functions and surge control for axial
flow compressors,” Automatica, Vol. 35, pp. 229-239.

Yuri A. Kuznetsov, (1995) Elements of Applied Bifurcation Theory, Springer-Verlag, New York, 1995.

I. M. Y. Mareels and R. R. Bitmead, (1986) “Nonlinear dynamics in adaptive control: Chaotic and
periodic stabilization,” Automatica, VVol. 22, pp. 641-665.

I. M. Y. Mareels and R. R. Bitmead, (1988) “Nonlinear dynamics in adaptive control: Periodic and
chaotic stabilization Il - analysis,” Automatica, Vol. 24, pp. 485-497.

F. E. McCaughan, (1989) “Application of bifurcation theory to axial flow compressor instability,” ASME
J. of Turbomachinery, Vol. 111, pp. 426-433.

J. L. Moiola, D. W. Berns and G. Chen, (1999) “Controlling degenerate Hopf bifurcations,” Latin
American Applied Research, Vol. 29, pp. 213-220.

J. L. Moiola and G. Chen, (1996) Hopf Bifurcation Analysis: A Frequency Domain Approach, World
Scientific Pub. Co., Singapore.

H. Ohta and Y. Ueta, (2002) “Blue sky bifurcations caused by unstable limit cycle leading to voltage
collapse in an electric power system,” Chaos, Solitons and Fractals, VVol. 14 , pp. 1227-1237.

J. D. Paduano, A. H. Epstein, L. Valavani, J. P. Longley, E. M. Greitzer, and G. R. Guenette, (1993)
“Active control of rotating stall in a low-speed axial compressor,” J. of Turbomachinery, Vol. 115, 48-56.

J. Sun, F. Amellal, L. Glass, and J. Billette, (1995) “Alternans and period-doubling bifurcations in
atrioventricular nodal conduction,” J. of Theor. Biol., Vol. 173, pp. 79-91.

A. Tesi, E. H. Abed, R. Genesio, and H. O. Wang, (1996) “Harmonic balance analysis of period-doubling
bifurcations with implications for control of nonlinear dynamics,” Automatica, Vol. 32, pp. 1255-1271.

C. K. Tse, (1994) “Flip bifurcation and chaos in three-state boost switching regulators,” IEEE Trans. on
Circ. Sys. — 1, Vol. 41, pp. 16-23.

T. Ueta, H. Kawakami, and I. Morita, (1995) “A study of the pendulum equation with a periodic impulse
force — bifurcation and chaos,” IEICE Trans. on Fundam. of Electr. Commun. Comput. Sci., Vol. E78A,
pp. 1269-1275.

A. F. Vakakis, J. W. Burdick, and T. K. Caughey, (1991) “An ‘interesting’ strange attractor in the
dynamics of a hopping robot,” Int. J. of Robot Resear., Vol. 10, pp. 606-618.

H. O. Wang, E. H. Abed, and M. A. Hamdan, (1994) “Bifurcations, chaos, and crises in voltage collapse
of a model power system,” IEEE Trans. on Circ. Sys. — I, Vol. 41, pp. 294-302.

S. Wiggins, (1990) Introduction to Applied Nonlinear Dynamical Systems and Chaos, Springer-Verlag,
New York, 1990.

K. C. Yap, G. Chen and T. Ueta, (2001) “Controlling bifurcations of discrete maps,” Latin Amer. Appl.
Res., Vol. 31, pp. 157-162, July 2001.

P. Yu, (1999) “Simplest normal forms of Hopf and generalized Hopf bifurcations.” Int. J. of Bifur. Chaos,
Vol. 9, No., 10, pp. 1917-1939.

P. Yu and A.Y.T. Leung, (2003) “The simplest normal form of Hopf bifurcation,” Nonlinearity, Vol. 16,

©Encyclopedia of Life Support Systems (EOLSS)



CONTROL SYSTEMS, ROBOTICS AND AUTOMATION - Vol. XlII- Control of Bifurcations - Guanrong Chen

No. 1, pp. 277-300.

P. Yu (2003) “ Bifurcation dynamics in control systems,” in Bifurcation Control: Theory and
Applications, G. Chen, D. J. Hill and X. Yu (eds.), Springer-Verlag, Berlin, pp. 99-126.

F. Zou and J. A. Nossek, (1993) “Bifurcation and chaos in cellular neural networks,” IEEE Trans. on
Circ. Sys. — 1, Vol. 40, pp. 843-848.

Biographical Sketch

Guanrong Chen received the M.Sc. degree in Computer Science from Zhongshan University, China, and
the Ph.D. degree in Applied Mathematics from Texas A&M University, USA. He was a tenured Full
Professor in the University of Houston, Texas, USA before he took up the Chair Professor position in the
City University of Hong Kong in 2000, where he is now also the Founding Director of the Centre for
Chaos Control and Synchronization. He is a Fellow of the IEEE since 1996, for his fundamental
contributions to the theory and applications of chaos control and bifurcation analysis. Prof. Chen has
(co)authored 15 research monographs and advanced textbooks, about 300 SCI journal papers, and about
200 refereed conference papers, published since 1981, in the field of nonlinear systems dynamics and
controls. Prof. Chen served and is serving as Chief Editor, Deputy Chief Editor, Advisory Editor,
Features Editor, and Associate Editor for 8 international journals including the IEEE Transactions on
Circuits and Systems, the IEEE Transactions on Automatic Control and the International Journal of
Bifurcation and Chaos. He received the 1998 Harden-Simons Prize for the Outstanding Journal Paper
Award from the American Society of Engineering Education and the 2001 M. Barry Carlton Best Annual
Transactions Paper Award from the IEEE Aerospace and Electronic Systems Society. He is Honorary
Professor of the Central Queensland University, Australia, and Honorary Guest-Chair Professor of more
than ten universities in China.

©Encyclopedia of Life Support Systems (EOLSS)



