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1 Introduction

This semester project revolves around a baby-foot where one side is controlled by actuators and
the other side by a human player. It was built around 10 years ago and each semester, students
improve it as part of their semester projects. The objectives I received at the beginning of the
semester were mostly about the vision part (detection of the ball):

ˆ Find a good exposure value for the cameras

ˆ Find out why the ball detection does not work great near the goals

ˆ Calibrate the high resolution camera (Cam5), make it work with the main VI and �nd out
if it is better than Cam0 or not.

ˆ Improve the strategy by taking the actuator speed into account

ˆ Improve the trajectory estimation which does not work well with high angles

ˆ Find out a good position for the cameras

ˆ Check the quality of the LED lighting

Not all objectives were treated and some unplanned tasks were done.

2 Vision pipeline

First of all, we can have a look at a global view of the vision part of the project. The pipeline from
the picture taken by the camera to the estimation of the ball position looks something like that:

Figure 1: Position estimation pipeline

Each step will add some inaccuracy (due non-perfect tuning/method) and how much greatly de-
pends on some parameters.

2.1 Error estimation

We can start by making a vague estimation to see what kind of accuracy we can get. The quality
of the camera's image depends on its resolution and bandwidth. We have two di�erent cameras:
Cam0 (648x488, 500fps) and Cam5 (1152x724, 250fps). By looking at the calibration images and
knowing that the dots are 30mm in radius, we can deduce what resolution in millimeters we can
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get with each camera. But we also have to consider the deformation of the lens which leads to
having less pixels per mm close to the borders of the image than in the center.

Center Border
Cam0 1.2mm/pix 2.7mm/pix
Cam5 0.8mm/pix 1.5mm/pix

Table 1: Resolution of each camera

The ball tracking resolution can vary greatly depending on the reference image given by the player
before a game so this is a very approximate estimation done purely visually. Generally, the ball
tracking VI achieved to detect the ball with a 2 pixels error for Cam0 and Cam5.
Using the calibration VI, we can see how close the reference points are to the real points which
determines the quality of the calibration. There is generally also an error of about 2 pixels.
The other corrections and estimation are much harder to estimate since the �rst one cannot be
evaluated properly and the estimation error depends greatly on the noise of the position measure-
ments.
Considering the whole pipeline, we can end up with these magnitude of errors:

Center Border
Cam0 6.3mm 13.5mm
Cam5 4mm 7.5mm

Table 2: Approximate position error

These values where found by just adding the errors at each step. This more or less represents
the worst case but it can show us what kind of accuracies we should be getting.

2.2 Error measurement

To try to evaluate the error of the whole pipeline more precisely, a ball that can be attached to a
player was designed, 3D printed and painted.
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