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Abstract— A new continuous-time particle swarm
optimization (PSO) algorithm is introduced as op-
posed to the well-known discrete-time PSO. A com-
pact notation for the classical PSO is first introduced,
then the new PSO is presented. The proposed PSO
has two forms, one can be proved to be Lyapunov
stable and the other can be proved to be globally
asymptotically stable. Effect of the parameters of the
new PSO is studied. Pertinent simulation results are
provided to illustrate its major characteristics.

Index Terms— Particle Swarm, Optimization, Sta-
bility

I. INTRODUCTION

Deterministic techniques were dominating the opti-
mization field for several decades. Their inability to
find global minima, and their complexity were the mo-
tivation for stochastic and heuristic algorithm. Most of
the heuristic algorithm are based on modeling natural
optimization processes such as simulated annealing,
crystal growth and genetic evolution These algorithms
are based on populations of individuals with a specific
behavior depending on the natural process modeled.

Among the first heuristic algorithms, random search
(RS) is a simple technique based on random test moves
of one of the individuals in the search space [1]. The
individual is actually moved to the new position, if the
cost function in the new position is better. Genetics and
Memetics algorithms are other more recent examples.
As their name imply genetic algorithm (GA) models the
natural genetic evolution. GA is based on exchanging
parts of a string of coded information (gene) between
two individuals (parents). Memetics algorithm models
the exchange of ideas among a group of persons [2].

Recently, the concept of particle swarm optimization
(PSO) is proposed in [3]. It is motivated by the zoologist
models of the movement of individuals among a group
(school of fishes, flock of birds or swarm of insects). It
has been noticed that group members share information
about the best positions found during their search for
food. Hence, the PSO model incorporate both individual
and social experience in the search. PSO has been
successfully applied, among other fields, in electrical
power system applications [4] and in electromagnetic
field calculations [5]. The basic PSO can be modified
to include bad memories to be avoided [6]. Parameters
effect on the PSO has been investigated in [7]. From sys-
tems point of view, standard PSO algorithm is discrete
in nature: particle motions are updated every time step.
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In this paper a new continuous time model for PSO is
developed. The continuous PSO (CPSO) model is moti-
vated by the fact that natural PSO have continuous mo-
tions (they do not jump). Moreover, from the systems
point of view, discretization has a de-stabilizing effect.
A review of the original PSO algorithm is presented in
section 2 with a new compact notation. The developed
CPSO model is presented in section 3. In section 4,
CPSO is shown to be Lyapunov stable. To ensure
asymptotic stability, a modified CPSO is presented in
section 5, and its global asymptotic stability is proven in
section 6. Section 7 compares the parameters of the PSO
with those of the CPSO. Simulation results presented in
section 8 shows that the developed model has a better
performance than classical discrete PSO.

II. DISCRETE SWARM ALGORITHM

As inspired form the natural swarms, the PSO tech-
nique conducts the search for an optimum using a group
(population) of particles which are traveling in the fea-
sible region. The position of each particle (bird) at any
given time represents a candidate solution. Every period
of time, each bird evaluates the cost function at its
current position and compares it with the self-best that
it 'remembers’. Of course, the self-best is the position
at which the cost function had the best value during
the bird’s search. The birds exchange information about
their individual self-bests to determine the best position
they have ever discovered, the global best. The birds
direction of motion includes both social-only and cogni-
tion only components. The social-only component pulls
up the birds towards the global best, while the cognition
only component pulls each bird towards its self-best.
Hence the speed of each bird has three components,
namely, a momentum component trying to keep the
same search direction, a component towards the birds
self-best and a component toward the global swarm
best. The PSO update equations for the it" bird are
hence given by the vectorial equation [7]:

vi(k+1) = agvi(k) + B4(vw, — xi(k)) +vq(Tgp — fci(/(f);
1
zi(k+1) = (k) +vi(k + 1) (2)

where x; represents the i*" bird position, v; its speed,
xp, its local best, x4 the swarm global best, aq, G4
and v, are positive non zero reals. As the previous
equation suggest, the basic PSO algorithm is discrete-
time in nature, where each bird has a simple set of

2811



motion equations. These equations can be rearranged
to describe the whole swarm in a compact manner.

We consider, without loss of generality, the problem
of minimizing a cost function and define the symbols
throughout the remaining of this work: d denotes the
problem dimension, 2 C R¢ represents the feasible
region, n denotes the number of birds, f : @ — R is
the function to be minimized. In addition, for the sake
of compactness, the following vectors and matrices are
defined as follows:

« X £ [ z, | € (2xR") the position
matrix

cVE[ u v, | € (RYxR™) the velocity
matrix

e X £ [ aw, - aw, ] € (2xR") the local

best position matrix

o Xy € R4 the global best position matrix

« F2[ f(x1) flzn) ]: (AxR") — R"
is the stacked objective function raw vector

o T € R% a row vector composed of ones

e ; € R™ is a column vector having all elements
equal to zero except the i*" element that equals
one.

o I, € (R™ x R™) is the identity matrix of size n.

Hence the proposed new elegant representation for

the classic discrete time PSO algorithm is:

V(k+1) = aaV (k) +B,(Xin(k) — X (k)
(X (0T = X (k) 3)
X(k+1) = X(k)+V(k+1) (4)
Xu(k+1) = 5 [X(k+1)+ Xy (B)

b5 IXGEF ) - Xy BIC ()
where: ¢ = diag[sgn (F (X (k) — F (X (k+1)))] (6)

diag[y] is a diagonal matrix with the diagonal elements
given by the elements of the vector y and sgn( ) denotes
the signum function, defined as:

_J 1 y=0
Sgn(y) - { -1 Yy <0

III. CONTINUOUS SWARM ALGORITHM

(7)

Although discrete time swarm model was successfully
applied into several applications, natural swarm are
continuous in nature, i.e., they are not jumping at fixed
time intervals, their motion is actually smooth. This fact
proposes that the development of the continuous time
swarm model may boost the PSO performance. Another
important motivation is the fact that the discretizing
phenomena has a de-stabilizing effect which may affect
the learning procedure.

To develop a complete continuous model, equations
(3) and (4) must be replaced by their continuous equiv-
alent. Using the same notations as in discrete model, we
can describe the motion equations as:

V=—aV + p(Xp — X) + (X T — X) (8)

Xx=V (9)

where the dimensions of X, V, Xy, Xy, and T are
as defined above; and the time notation is dropped for
brevity; «, 8 and ~y are positive non zero reals.

However, it should be noted that X and V are not
the only system states, Xj; is also a state since it has a
'memory’. For example, the i*" column in X, which
represents the best position the i*® bird encountered
during its previous path, remains unchanged as long
as the bird does not find a better position, but once a
better position is encountered, its location replaces the
previous value of the ith column in Xj. From the state
model point of view, the matrix X;; should be dealt with
as additional states. The time derivative of these states
will be zero as long as the local best position does not
change and impulsive once a new best position is found
to change the ’state’ value in no time.

Although the implementation of such zero/impulsive
derivative state is possible using standard software
package, their stability analysis is not straight forward.
Hence, assuming a to be a positive constant, it is
proposed to approximate the evolution of zy, for a
minimization:

2y, = a(z; —xw,) +a(x; —xw,) [sen (f (2,) — f (2:))]
(10)
This equation can be represented in matrix form as:

Xu=a(X — Xup) [L, + diag [sgn (F (Xy) — F (X))]]
(11)
Remark 1: To better understand equation (11), let us
consider equation (10) for the following cases:

o If f(aw,)—f (i) 2 0, then sign(f (x,) — f (1)) =
1 and ilbiz 2a (x; — xp, ), which means that if the
value of the objective function evaluated at the
current point is less than its value at the local best,
then the local best is attracted to the current point.

o If f(zw,)—f(zi) <O, thensign(f (zw,) — f (zi)) =
—1 and :blbi: 0, which means that if the value of
the objective function evaluated at the local best
is less than its value at the current point, then the
local best remains unchanged.

Remark 2: Based on the equation above, it is worth
pointing out that the X, is not necessarily the local
best, but rather an approximation because no impulsive
derivative is used in this continuous-time algorithm

Finally, it remains to characterize the global best X4,
which can be defined as:

Xgp = X;p@Q; with j = arg {oglén (f (ﬂflbi))} (12)
From the system point of view, X, can be considered a
setpoint since its only effect is to change the equilibrium
point of the dynamical system defined by the swarm.

Definition 3: Using the previously defined notations,
the continuous swarm is described by the following
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dynamical system X:

X=V
V: —aV + B(Xp — X) + y(XpT — X)
Xuw=a(X — Xp) [In, + diag [sgn (F (Xp) — F (X))]]

(7o)}

Xgp = X1p@; where j = arg {ogl<n
(13)
Remark 4: Notice that the notation used above is
not the standard state space notation since the state
variable X, V and X are not vectors but rather
matrices of the adequate dimension previously defined.
This choice is obviously motivated by the simplicity and
compactness it provides without loss of clarity.

IV. STABILITY ANALYSIS OF THE CONTINUOUS
SWARM

The continuous swarm 3 can be considered as a
dynamical system whose stability can be investigated
using standard Lyapunov stability tools. The determi-
nation of the equilibria of the system needs further anal-
ysis. The equilibria must verify the following equations:

V=0 (14)

B(X— X) +1(XpT = X) =0 (15)
a (X — Xp) I, + diag[sign (F (Xp) — F (X))]] =0
(16)
A close look at equation (16) shows that it can be
verified for the following two cases:
1) X = X3, which implies by equation (15) that X =
Xip = X T
2) 3 a subset ' C {1,2,....,n} such that Vi €
Tya; # ap, and f(xzp,) — f(x;) < 0; and Vj €
[{1,2,...,n} —I'] we have x; = x;,. In this case,
we necessarily have Vi € T" the following equation
satisfied:

B, — i) = —v(Xgp — x4)

which can be interpreted as follows: the pulls of
the local and global bests are vectorially opposite
in sign for some of the birds while their speed was
7Z€ero.

(17)

This phenomenon is particular to the continuous
swarm and does not have a counterpart in the discrete-
time swarm. Of course, the interesting equilibrium point
is the first equilibrium where all the birds are located
at the global best. Let us consider the stability of this
equilibrium point. We will see in the next section, how
the continuous swarm algorithm can be modified in
order to make the equilibrium point unique.

We define the following error vectors:

X=X-X,T

X = Xpp— X T

Assuming that the global best remains constant or
changes very slowly, the continuous-time swarm equa-
tions can be expressed as:

X=V

V=—aV + (X, — X) —1X

K= a (X = X ) [L + diag [sgn (F (Xn) = F ()]
(20)
Consider the following candidate Lyapunov function:

1 o N
W = §tr [7XTX +VIv 45 (X - le) (X - le)
(21
where tr(-) is the trace of (-). The derivative of W along
the solution of the continuous swarm is given by:

. ~ ~ . ~ ~ T [/ = 3
W = tI‘|:’yXTX+VTV+5(X_le) (X—le)]

i {VXTV — VTV 4+ VT (X — X) —AVTX
+3 (X _ le)T 1%
—af (X = %) " (X - %) o]

- {avTv g (X %) (X-%0) 4 (22)

where ¢ = I,,+ diag[sgn (F (Xj;) — F (X))]. It can be
seen immediately that all elements of the n x n matrix ¢
can take only two values 0 or 2, which directly implies
that the derivative W is negative semi-definite, which
implies that the considered equilibrium point is stable
in the sense of Lyapunov.

This result even though ensures that the swarm
does not ’blow up’, does not guarantee that the birds
converge to the global best or even to their individual
local bests. Even a trial to apply invariance theorem
will never prove asymptotic stability of the equilibrium
point due to similar arguments investigated in the deter-
mination of the equilibria of the swarm. A modification
should be made to the proposed continuous-time swarm
algorithm to guarantee:

o Uniqueness of the global best equilibrium point
o Global asymptotic stability of this equilibrium.

V. MODIFIED CONTINUOUS-TIME SWARM
ALGORITHM

Up till this section, the continuous swarm algorithm
is quite inspired by the classical discrete-time swarm
algorithm, however, as we have seen in the previous
section, no asymptotic stability of the global best equi-
librium point can be guaranteed. This basically due to
the possibility of the occurrence that for one or more
of the birds, the pulls of the local and global bests
are equal and opposite in direction while the birds do
not have any momentum. Even though this case will
rarely occur practically, there is always a mathematical
possibility of its occurrence. We propose in this section
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the addition of small damping terms which will cancel
out this possibility. The modified continuous swarm
algorithm X,,, is thus defined as:

X=V+68(XpT — X)
V=—aV + B(Xp — X) +y(XpT — X)

Xu=a(X — Xp) [I,, + diag [sgn (F (Xp) — F (X))]]
+& (ngT - le)

X = X where j =arg { int (£ (2.}
0<i<n

(23)
where 6 and e are small positive real constants. The
addition of these damping terms will have the effect of
attracting both the bird position and their individual
bests to the global best. It is worth pointing out that
this limits the mobility of the birds, i.e. their ability
to eventually discover new local bests and thus up-
dating the global best. However, this negative effect is
minimized by choosing § and ¢ are chosen very small.
Simulations results provided in the subsequent sections
show how their effects are negligeable.

VI. MobDIFIED CPSO STABILITY ANALYSIS

As we have proceeded in the continuous-time swarm,
let us first verify that the modification introduced makes
the global best the unique equilibrium point. The equi-
libria must verify the following equations:

V46Xl — X)=0 (24)
—aV—‘rﬂ(le—X)—‘r’y(ngT—X) =0 (25)
a(X—le)gaJrs(ngT—le) =0 (26)

Obviously V = 0, X = X, = X7 is an equilibrium
point, but is it the unique equilibrium point? A close
investigation is necessary to verify this fact. From equa-
tions (24) and (25), we obtain that:

(ad+7) (XgpT — X) = B(X — Xpp) = 0 (27)

Equation (26) can be rearranged after adding and sub-
stracting e X as follows:

e(XpT —X)+(a+e) (X —Xp)p=0 (28)

For each column of the matrices used in equations (27)
and (28), two cases can happen according to the value
of . The matrix defining the linear system of equation
is given by :

adb+y —p

A= € Ala+e) (29)
where A = 0 or 2. Its determinant is given by:
Al =A(ad+7) (a+e)+ Be (30)

which is always positive non-zero for all possible values
of A. This implies that the only solution to the linear
equations defined by (27) and (28) is X = Xj, = X1
Thus, the unique equilibrium point of the modified
continuous-time swarm is the global best.

To study the stability of this unique equilibrium
point, we express its dynamical equations in the alter-
nate coordinate frame used by (20):

X=V—-6X

V=—aV + (X — X) -7 X
Xup=a (X - le) [y + diag [sgn (F (Xw) — F (X))]]
—eXp
(31)
and consider the same candidate Lyapunov function
proposed in equation (21), whose derivative along the
solution of ¥, is given by:

W= [-avTy - (X Ku) (X - )

6XTX — 5)?£le] (32)
Because W is globally positive definite and radially
unbounded and W is globally negative definite, global
asymptotic stability of the global best is implied.

VII. PSO AND CPSO PARAMETERS

In order to be able to compare the behavior of the
discrete time and continuous time , a method to relate
the parameters in each case has to be presented. The
analysis of the behavior of the discrete-time swarm has
been investigated in [7]. However, it is possible to get
the same results of [7] from the systems point of view, in
a much simpler way. We first begin by identifying the
conditions that the parameters of the discrete swarm
have to fulfill in order to guarantee stability and then
provide a method to map the discrete time parameters
to those of the continuous time swarm.

A. Discrete Time Swarm Parameters

As it can be seen from equation (3), (4) and (5),
the adjustable parameters for the discrete swarm are
aq, Bg and v4. aq is the momentum term,while (3,
and 7, are the magnitude of the attractions to the
local and global bests, respectively. For the sake of
clarity of the argumentation, let us limit ourselves to
a swarm consisting of only one bird traveling in a single
dimensional space. Very similar arguments can be used
in the general case. Notice that, in this case, the global
best is irrelevant (it always coincides with the local
best). Assuming for the purpose of this analysis that
Ty, 18 constant, the equations of motion of the bird are
given in a state-space form by:

v(k +1) = agu(k) = B4 (x(k) — )

(x(k+1) —aw) = aqu(k) + (1 = By) (x(k + 1) — 2w)
(34)
The stability of this system depends on the roots of the
characteristic equation:

(33)

N — (g —Bg+DA+as=0 (35)
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For the system to be stable, the solutions of (35) must
be inside the unit circle. These roots are:

Ad2d = w (36)
where
A= (ag—fB,+1)* —4day (37)

However, to increase the bird’s mobility in order for it
to cover as much of the space as possible before con-
verging to the local best, the roots should be imaginary
and the closest possible to the unit circle. Hence, the
determinant A of (35) should be negative, i.e.: A < 0
and ag < 1. An easy way to achieve this requirement is
to choose g and 3, satisfying

By=aa+1 (38)

In this case the eigenvalues A1y and Aoy of the discrete-
time swarm are £j5,/aq. Hence, it remains to choose oy
such that /ag is nearly unity.

B. Continuous Time Swarm Parameters

Before trying to map the parameters of the discrete
and continuous time swarms, we, similarly to the pre-
vious subsection, consider the evolution of a single bird
of the continuous time swarm in a single dimensional
space. Its equations of motion, under the assumption
that zj;, is constant, are given by:

v=—av — Bz — xw)

(@ —an) )
—(z—zp)=v
i Ib
The dynamics of the system are governed by the roots
of the characteristic equation:

Mtal+6=0 (40)
which immediately implies that the eigenvalues A, and
Ao, of the continuous-time swarm are:

—aty/a?2—4
)\10,212 = fg (41)

Using the root mapping technique from the Z-plane
to the S-plane (Z = e*T'), where T is the sampling time,
the roots of (35) can be mapped by:

e = L (In[]Adll + 5&Aa)

where ||y|| and £y are the norm and angle of y, respec-
tively. Noticing that the product A14A\24 is the constant

(42)

term in (35), or in other words ||A1ql| = |[X2dll = /oa
and hence:
Me+doe=—a=2ZIn|N\f| =2 In/ag=F1nag
(43)

Hence, to obtain the same dynamic response o and ay
have to be related by:

a=—7lnag (44)
On the other hand, 8 can be calculated as follows:
B = Aedoe = (2| A\g])* + (24ha)”
2
= o2 (Fran ! (2555)) (45)

If the choice proposed at the end of the last section is
made, the selection of § becomes much easier and is
given by:
B=a®+ ()’
Remark 5: Tt remains to determine the value of T', the
sampling time. However, even though T does not have
any physical meaning in the problem, it affects how close
the discrete time and continuous time dynamics relate.
Simulations results given in the next section show that,
as it can be easily expected, the smaller T, the more
damping there is in the continuous time dynamics with
respect to the discrete and vice-versa.

(46)

VIII. SIMULATION RESULTS
In this section, a relatively simple quadratic optimiza-
tion problem is selected to emphasize the properties
of the continuous swarm model as well as to compare
its performance with discrete PSO. The selected cost
function is given by:

fn,y2,y3) = (Y —0)" (Y = o)

where o=[r 2 5]T. For this problem, the dimension of
the problem is d = 3. The global minimum is clearly o.

(47)

A. Comparison Between Continuous and Discrete PSO

To compare the response of continuous and discrete
PSO, one bird swarm is selected in both cases, i.e. n = 1.
The bird is initialized as follows: X[0] =2 4 6 |7,
V0] =[ =1 1 —1]T. The discrete swarm parame-
ters are set to ag = 0.9, and §,; = 1.9 from (38). The
corresponding parameters for the continuous swarm are
set according to (44) and (46), to a = 0.1054, 8 = 2.47
at T =1, for comparison purposes simulations are also
carried out for « = 0.0527, 8 = 0.618 at T = 2. The
parameter a is set to 3.0 so that the dynamics of X,
is fast compared to X .Since there is only one bird, the
global and local bests are identical and there is no point
in adding the global best term, i.e. both v, and ~ are set
to zero. Figure (1) shows the evolution of the first spatial
component in the discrete, continuous with 7' = 1, and
continuous with T = 2 cases. Figure (2) depicts the
evolution of the value of the objective function at the
best obtained local best for the cases defined above. A
close look at the figures shows that:

e The transient performance of the position for the
PSO and the CPSO are similar except for dis-
cretization effects. Moreover, the value of T' affects
the similarity between the PSOs, as expected.

o The CPSO finds the best faster than the PSO. This
can be explained by the fact that the CPSO moves
along all the points in the trajectory, as opposed to
the PSO which computes the objective function at
discrete points along the trajectory.

o This single bird swarm did not locate the global
minimum of this three dimensional problem for
both PSO and CPSO (see remark below).
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Remark 6: Referring to figure (1), the bird converges 5 -
to 1 = 2.71 instead of m (the minimum). This result 498 o 8'5&'!%80“51 =4
can be explained as follows. The motion of the bird in -=-- Continuous, T=4
the discrete model from k& = 0 to & = 1 is given by 4.9 ]

it initial speed at k = 1 , either X(0) or X (1) will be 4.85
considered as local best depending on the cost function.
The speed equation is

v(2) = aq(l) + 2 By(zn(l) —2(1))  (48)

The second term in the RHS is either zero or is equal
to —v(1), hence the two terms in the RHS are linearly 4.65 ]
dependent, and the new speed vector is just a scaled

:b
(o]
1

S ———————

Best Cost
R
o

»
5
L

. . . . . 4.6 g
version of the previous speed. Using mathematical in-
duction, it is easy to prove that this statement is valid 4.55 .
for all k. Hence, the bird keeps moving rectilinearly and 4 ‘ ‘ ‘ ‘
its locus is: ' 20 40 60 80 100
z(k) = 2(0) + pv(0) (49) Time (sec)

where p is some proportionality constant. The same g 1. PSOand CPSO First Dimesion Trajectories

discussion can be extended to continuous swarm model.
The best cost achievable along the bird trajectory line

(&)

..... Discret
can be found by substituting (49) into the cost function 4.95 —_ Clc?rg;triﬁfous, T=1
given by (47), which gives: ad == Continuous, T—27
- .
1) = (X +pV(0) =) (XO) +pV(0) =) (50) g ,
differentiating w.r.t. p, and equating to zero we get: % 48 . |
Q o el
VO"(X(0)-0o O
p = L™ = —0.7139 (51) 475 ]
)]
Substituting this value into eq(49), the best achievable i .
position is given by X = [ 2.71 3.29 6.71 7. This 465 |
matches the steady state value of the bird trajectory. '
46 ]
B. Continuous PSO Performance 4.55 1
To evaluate the performance of a multi bird swarm, 4. ‘ ‘ ‘ ‘
the cost function f(.) of eq(47) is used. A swarm of 20 20 40 60 80 100

- . Ll . Time (sec)
birds is formed with random initial positions and speeds

uniformly distributed in [ 0 10 ] and [ -3 3 ] The  Fig. 2. Best Cost for PSO and CPSO
swarm parameters are o« = 0.1054, 8 = 2.47 and

a = 3. Simulation results, given in figure(3), show 8
that the swarm settles to X =[ 3.141 2 5 |7, which
shows that the CPSO finds the global minimum point.
The information exchange between birds enables them
to modify their trajectories not to be trapped to the
simple line trajectory as in the single bird case. Figure
(4) shows the Lyapunov function W of the swarm for
the first five seconds of simulations along with the
binary value that represents the occurrence of a change
in Xg.The Lyapunov function is generally decreasing,
however it has some spikes, when Xg, is changed.
The Lyapunov analysis presented in this paper assumes
that there is no change in Xg. If such change occurs,

Third dimension|

Three dimension trajectories

the negative definiteness of W does not hold at this
point. However, as soon as X, stop changing, it starts A
attracting the birds in a stable manner. Notice also that 0 20 40Time (secE;O 80 100
the Lyapunov function does not correspond to the best

cost function, an increase in the Lyapunov function is
always associated with a decrease in cost function.

Fig. 3. CPSO Trajectories for the Three Dimension n = 20
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1000 ‘

— Lyapunov Functio
%QG Change in Xgb w

800 1

Figure (5) shows the first component of the positions
for a poorly tuned a parameter (¢ = 0.2 keeping «
and (8 as previously used) versus the properly tuned
at @ = 3. The swarm converges to 4.6 instead of 5. X
does not move fast enough to capture the true local
best before the birds move away from it: The swarm
may be attracted to a deviated point even if the swarm
trajectories passes through the global minimum.

Finally, the performance of the CPSO and the modi-
fied CPSO are compared. For figures clarity, the number
of birds is decreased to n = 5. Other parameters are
a = 0.1054, 8 = 2.47 and a = 3. In addition to the
CPSO where € = § = 0, figure (6) depicts the response i P
of the third dimension trajectories for ¢ = ¢ = 0.01 and 100 P
¢ = 6 = 1. The CPSO and the modified CPSO with 0 ‘ ‘ ‘ ‘ N . i
the first selection (¢ and 6 small) have similar responses. 0 02 04 06 Timoég(sec) 1 1214 16
However, the modified CPSO with the second set (¢ and
6 relatively large) of parameters is attracted too soon to
an incorrect value, before the birds have the chance to
"discover’ the true global minimum.

700 1

600
500
4oc/

300

.....

Lyapunov Function and Xgb change

200 P

Fig. 4. Lyapunov Function Trajectory with X, Changes

IX. CONCLUSION

In this paper, a new continuous time PSO has been
developed with two slightly different forms. The first
form is quite close to the classical discrete time PSO.
Stabilty study of this model shows that only Lya-
punov stability can be guaranteed. The second form
incorporates extra stabilzing terms that ensures global
asymptotic stability of the CPSO but which can reduce
the birds mobility and thus their ability to find the
optimum. Detailed discussions of the parameter effects
on both forms are provided and are compared with the
classical PSO. Simulation results illustrate the perfor-
mance of the proposed CPSO. CPSO is expected to give
better solutions than classical PSO. Current research 0 20 40 60 80 100
aims at comparing the response of both PSO techniques Time (sec)
when applied to difficult optimization problems.
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