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SUMMARY
Agility is the ability to change the body direction while 
maintaining dynamic balance, coordination, speed. This is 
achieved by acceleration, deceleration and change of direction. 
When viewed from the stand point of the Dynamical System 
Theory (DST), Agility could be described as a series of 
complex movements where coordinated body segments
perform a goal-directed repetitive movement. In this study, an 
agility drill is qualitatively characterized in each phase of 
movement implementing DST approach. Phase space analysis 
is used to study the characteristics of agility drill. In this 
regard, three phase spaces are constructed using center of 
mass (COM) coordinates. It is shown that body COM has limit 
cycle behavior in all state spaces. Moreover, it is shown that 
turning angle affects the limit cycle behavior significantly. 
The results of this study show that the DST method is a useful 
tool for studying agility and implementing more quantitative 
nonlinear techniques are needed.   

INTRODUCTION
Agility is defined as the ability to change the body direction 
effectively while maintaining dynamic balance, coordination, 
speed [1] and requires coupling of lower and upper body 
segments in order to decelerate, change direction and re-
accelerate the body as a whole [2].

During the recent years, Dynamical System Theory has been 
implemented increasingly in studying sport and exercise 
science to characterize facets such as coordination, skill 
acquisition and performance enhancement [3]. From 
Dynamical System Theory (DST) perspective, human 
movement is the result of coupling of body segments (as 
oscillators) which requires the organizing of the multi-degree 
of freedom movements of the segments [3,4].

Agility, as expressed in the definition, is a complex movement 
in which body parts orchestrate together to perform a goal-
directed repetitive movement of the whole body. Therefore, 
agility drill features can be extracted using the theory of 
Dynamical Systems and nonlinear dynamics. Characteristics 
such as coordination, balance, movement pattern, etc in each 
phase of the movement (i.e., deceleration, changing direction, 
re-acceleration), can be defined using DST approach.  

This study aims at characterizing different phases of agility 
drill using DST approach. The first step to study the 
movement is to define a state space from which the movement 
characteristic can be characterized. Since the definition of 
state space is not unique, different state spaces are constructed
to extract agility features in various phases of the drill.

METHODS
An agility test designed during which participants completed 
two 180-degree and two 90-degree turns (Figure 1). Five 
semi-professional soccer players who had no previous injury 
experience participated in the experiment. 2D coordinates of 
the body center of mass (COM) were recorded using a Kodak 
Motion Corder Analyzer (Kodak co.) at the sampling 
frequency of 300 Hz. All data were filtered before being 
processed.

Figure 1:  Schematic illustration of the agility drill

Figure 2:  Three state spaces: a) vx vs x, b) vy vs y, c) a vs v
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Phase spaces: Three phase spaces are constructed using
position data and their associated derivatives (Figure 2):
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Where )(tq x
and )(tq y

are the state vectors of the horizontal 
and vertical positions of the COM, respectively. )(tQ is the 

state vector of COM velocity and acceleration, )(tv and )(
.

ta are 
the velocity and acceleration of the COM, respectively. From 
these phase portraits the oscillatory nature of the COM along 
each direction of motion can be evaluated.

RESULTS AND DISCUSSION
From the state space definition of the COM in x direction 
(equation 1 & Figure 2-a), it can be observed that COM 
profile represents a limit cycle. In 180-degree turns, the COm
has zero velocity, while in 90-degree turn, the COM velocity 
is not zero. The space between these two turns is occupied by 
an acceleration followed by a deceleration phase. The slope of 
these parts of trajectory is determinant of the acceleration and 
deceleration phases of the drill. That is, in acceleration phase 
for example, a greater slope means that the athlete reaches a 
velocity in a shorter distance. Similarly, a great slope in 
deceleration phase means that the COM velocity decreases in 
a shorter distance.

In y direction, COM also portrays a limit cycle (Figure 2-b). In 
comparison with the trajectories of x sate space, it can be 
observed that the y direction trajectories are smoother which 
means that the athlete's movement in this direction is more 
coordinated. Moreover, it can be observed that in contrast to 
the x trajectory, the velocity of the COM in both 90 and 180-
degree turns is zero.

The third state space, constructed using COM velocity and 
acceleration (equation 3) is shown in Figure 2-c. According to 
this state space, the 180-degree turn produces a greater limit 
cycle while the 90-degree turn has a smaller one. This result 
implies that a forward relationship exist between the turning 
angle and the size of the limit cycle. It is because of the fact 
that, greater rotation angles require greater deceleration phase 
in an agility drill. In addition, 180-degree turn produces a 
quasi-symmetrical limit cycle around the origin while in the 
case of 90-degree turn, since the COM velocity is not zero, the 
limit cycle is not symmetrical with respect to the origin.

Another important feature of the state space definition is that 
the performance of the athlete in the agility can be 
qualitatively described with maintaining a high systematic 
approach through evaluation of the state spaces. As indicated 
in figure 2-a, the red trajectory is more symmetrical than the 
blue dashed one which can be as indicator of coordination 
during the drill completion. Additional quantitative measures 
such as trajectory length, trajectory area, Root-Mean Square 
(RMS), etc [5] can be used to evaluate athlete performance 
from the state space.

Having in mind that agility workout is a goal-directed 
movement, the results obtained from the state spaces 
introduced are in good accordance with similar studies in 
which the goals in a goal-directed movement introduced as 
attractors [6]. 

The state spaces presented in this study are not unique and 
other state spaces (e.g. higher order state spaces) can be 
defined to characterize the agility movement both qualitatively 
and quantitatively. Although it is not within the scope of this 
study to compare the quantitative feasibility of different state 
space definitions, an appropriate selection of the state space is 
essential to study the concept of agility in human movement
[7].

CONCLUSIONS
In the present study the qualitative characterization of a 
custom designed agility drill using different state space 
definitions was proposed. It was shown that body COM have 
limit cycle behavior in all state spaces. Turning angle affects 
the limit cycle behavior significantly. Agility phases (i.e.,
acceleration, deceleration. Changing direction) were 
determined in each phase space definition. Although this study 
characterized agility by means of qualitative Dynamical 
System Theory, more precise and quantitative nonlinear 
approaches are necessary to identify agility drill nonlinear 
characteristics.
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