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R OBOT P LATFORM

• A small autonomous humanoid robot was developed to represent the University of Bristol in the 2012 FIRA Robot Games.
• It is aimed to compete in the Marathon and Basketball disciplines.
• To achieve these ends the tasks were analysed and divided among team
members. Research was undertaken in robotic design, computer vision,
gait, kinematics and simullation.
• Separate research was integrated beneath a central physical structure, and
conglomerated using high level behavioural programming.

V ISION
Two webcams, installed in the head, together
with image processing algorithms, provide Line
tracking and Object detection capabilities.
Colour Calibration: Calibration allows thresholding of a video image , which separates the image pixels of the targeted colour from the background pixels. This enables specific features to
be recognised by the robot.

B ODY D ESIGN

Line Tracking: Line parameters are resolved
by employing a closed loop searching concept.
The algorithm then outputs navigation commands to the gait; walk straight, turn clockwise
or turn anticlockwise.

The humanoid robot comprises of: a Perspex
layer body encapsulating a BeagleBoard-xM computer, CM700 micro-controller, an inclinometer and
a Lithium-Polymer battery power supply.
Sixteen RX-28 and five AX-12 servomotors are
used for actuation, resulting in a total 21 degrees of
freedom (DoF). All custom made components were
subjected to Finite Element Analysis to assess their
performance.

Object Detection: Depth perception is obtained using Stereo-vision, through use of the
parallax effect. Cartesian coordinates of the targeted object are then calculated and used to plan
motion to pick up the object.

To accommodate the need to look ahead for Basketball and look downwards for
Marathon, a curved mirror is utilised to stretch the Field of View of the webcams.
The deflection of the mirror is carefully designed to give a linear transformation
between the vision spaces.

A RM M OTION D EVELOPMENT
Motions for picking up and throwing are required for Basketball.

G AIT D EVELOPMENT
Gait parameters are defined and optimised to achieve dynamic stability by means
of exploring the parameter space in a systematic manner.

Picking Up: The ball was picked up, from
the specifically designed ball holder, using the
robot’s actuated gripper.
The joint angles
needed were found using inverse kinematics and
trigonometry. Trajectory planning provided a
smooth polynomial based path for each arm motor.

Kinematic Modelling: Dimensionality in the original 12 DoF gait structure is reduced by restricting
analysis to two dimensional planar views. This allows easy application of kinematic methods to describe centre of mass (CoM) in terms of robot geometry
and joint variables.
Trajectory Planning: A CoM trajectory based on
an inverted pendulum mode is coupled with robot feet
oscillations to establish motions including straight
walking and turning on the spot.
Parameter Optimisation: The relationships between dynamic parameters and
servomotor speed were investigated through empirical testing.

Throwing: The ball was modelled using projectile mechanics, to find the optimal release point.
Again, trajectory planning and inverse kinematics created a path for each arm motor.

S YSTEM O VERVIEW

S IMULATION
EZPhysics robotic simulator was used to test motion trajectories. A proportional feedback controller remotely
controlled the simulation. Communication between
EZPhysics and the controller was achieved via an Sfunction.

