
Chapter 4 

Gait Development 

Before a bipedal robot can walk, a gait or walking pattern must be developed for the robot 
t(\ follow. There are many different ways [19] of doing this, however the aim of gait 
de\ dopment is to produce a gait which is dynamically stable. If the gait is dynamically 
stable. when the robot walks according to the gait in the absence of external disturbances, it 
\\iII achieve dynamic walking. However, if the gait is not dyrfamically stable then the 
robot will fall over, since the system will be unstable. 

Walking is a repetitive motion, which consists of two main phases which alternate on each 
kt: 

1. Double support phase 
This phase exists when both feet are in solid contact with the ground plane. In this 
phase the robot is stable with a relatively large support base. The system enters this 
state when the front foot contacts the ground, and leaves this state when the rear 
foot breaks contact with the ground. 

2. Single support phase or swing phase 
This phase exists where only one foot is in solid contact with the ground plane. 
During this phase the centre of mass (COM) of the robot rotates about this contact 
point in the manner of an inverse pendulum, while the other leg known as the swing 
leg translates in preparation to come in contact with the ground for the next double 
support phase. The systems enters this state when the swing leg foot breaks contact 
with the ground and leaves this state when the swing leg foot contacts the ground. 

This cycle can be seen in Figure ( 4.1 ). As can be seen from the state diagram, the walking 
pattern alternates the single support phases between each leg, interspersed with a double 
support phase between each alternation. 
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Figure 4.1: Illustration of the gait cycle and dynamic biped walking 
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'-'(>~llL' different approaches to gait development are discussed below. 

-L 1 Intuitive approach 

Ill,· mtuitive approach to gait development is not directly based upon dynamic principles, 
rat 1\~_'r it is more a method of building one step of the gait at a time. This is achieved by 
t.::\!1LTimental modification of the gait by examining the performance of the gait on the 
rohut This approach, has no previously known data to compare the performance of the 
robot against, and therefore we cannot generate a performance measure for the gait. 
W 1 thout such a quantitative measure we can only observe the robot while it is enacting the 
gait to determine the stability of the gait. For this reason the approach is called intuitive. 

Th 1' method was chosen first to develop a gait due to its simple" nature. The analytical 
approaches are complex and often have no solution or no unique solution. An intuitive 
approach allows the consideration of more subjective measures such as developing the gait 
thruugh examination of the human gait, which is highly efficient. 

In this way, through many trials and examinations of the behaviour of the robot, an 
intuitiYe understanding is built up which allows a reasonable dynamically stable gait to be 
de' eloped. Using this method, joint angles were determined over time, and allowed the 
roh1)t to take three steps before falling over without feedback and control. This shows that 
althPugh the intuitive approach is not as objective and theoretically grounded in the 
dynamics of the robot system, it can be successful in allowing a dynamically stable gait to 
be rapidly developed. Of more importance is the experience and understanding of the 
system which was gained through this method. 

-U Periodic function approach 

On,· major drawback to the intuitive approach is that the gait which is developed is not 
easily scalable. For example, parameters which we might like to alter such as step length, 
step height or step period cannot easily be altered offline, and are even more difficult to 
alter while the robot is in motion. 

To understand why we would want such parameters, we need to consider the entire 
walking cycle. The walking cycle begins with the robot stationary, and accelerates to the 
desired velocity. The cycle ends with the robot decelerating and eventually coming to rest. 
In order to vary the velocity, we require a method of scaling the gait under different 
situations. In this manner, we can develop a single set of joint angle relationships over 
time that completely specify the walking gait and allow the variation of the desired 
parameters. 

Since walking is a repetitive motion which repeats over time, we use periodic functions as 
a basis for developing the gait. In this way, we can specify the period of the step. Further, 
in order to specify parameters for changing the step length and step height, we specify the 
trajectory of the foot over time. This allows us to solve for the required angles of the leg 
link joint angles. 
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-L3 Foot trajectory 

t\s mentioned above, specifying the foot trajectory over time allows the parameters of step 
length and step height to be introduced to the gait. Using inverse kinematics, we can then 
solve for the joint angles of the leg links over time, thereby specifying the gait. 

When considering the foot trajectory, we consider the period as one step. In this way we 
only need to consider the swing leg foot trajectory since the support leg foot is in contact 
with the floor, and therefore stationary. We can specify any trajectory as below; 

(i) 
(ii) 
(iii) 

use of a p-degree polynomial as interpolation function 
cubic polynomial trajectories 
Linear function with parabolic blends .. 

In this research, cubic polynomial trajectory is selected to describe the path of the ankle of 
swing leg as, 

2 3 y=a0 +a1x+a2 x +a3x 

To describe the foot trajectory the constants a0 , a 1, a2 , a3 need to be found. To find out the 

constants following known x and y values can be used. By substituting these known values 
to the cubic polynomial equation a relationship between x and y is obtained. 

At x =xi cosa, y = x1 sin a 

At x =(xi cos a+ x2 cosa)/2, y = x 2 sin a+ f 12 

At x=(x2 cosa+x3 cosa)/2 y=x3 sina+fl2 

At x = x3 cosa, y = x3 sin a 

To find out they values relative to the different x values the above relation is used. 
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