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- Pneumatic pliers with special prongs used to grip tendons and pull out the muscle. The pulling force can reach 200 kg andd
complex mechanism was necessary to obtain a proper grip on the warm tendon.

d-) a mechanism able to move the tools under the computer control. It is an electric robot with 6 axis able to apply forces UP 10
200 kg, a model commonly used in mechanical industry. It is equipped with a pneumatic system allowing the automatic tool change. witf
an interface board and fully controlled by a computer;

e-) a computer system used for data acquisition, 3D measurements, modelling calculations, path tools adaptation and f
control. A set of software was written in C and Pascal languages, for all theses applications. All machines are at IBM-PC/AT standard:

obo!

3 - SETTING A STRATEGY FOR THE EXTRACTION OF THE MUSCLE

There are many different possibilities to remove a muscle from the carcass. The method used by a butcher is a compromise
solution between his dexterity to a knife with minimum tire and his strength. The butcher's method cannot be copied by a machiné
because of the complexity of the movements. With a mechanical system we can use more heavy tools and apply important forces but
the motions of these tools have to be simple. The first step is to decide how to remove the muscle, ( with cuts only or with cuts and bY
pulling out the muscle ), where the cuts are to be done, what tools are to be used , in what order the different operations are done.

Then each operation is executed, with the robot in manual mode configuration and moving step by step. At the same time tné
co-ordinates of the significant points of the path are recorded. Next the path for each tool is executed with the robot in automatic mod®
and can be fitted to produce a more efficient result.

After a lot of experiments, we obtained a set of trajectories, each defined by the co-ordinates of a specific point of the tool
instance the tip of the knife ) and the value of the quaternion which define the 4 angles giving the orientation of the tool in the spacé
Moreover parameters for the robot such as the speed and the accuracy of the displacement are given.

In the case of the infra spinatus muscle, the set of trajectories comprises 4 trajectories as defined on the figure 3. All thes®
trajectories are strongly linked for their mutual position. The experience shows that in the situation where we work, this set of trajeciories
could be applied to any quarter, in a large game of scale within the following conditions:

(fof

1- The proper location of one point of these trajectories is deciding for a successful operation. This "main point" is numbefed #
on figure 2. The position of this point on the quarter must be located with an error less than 10 mm measured from anatomic points o
the quarter. Unfortunately, these anatomic points ( i. e. the extremal part of the scapula apophisis ) are not all located at the surfac®
and cannot be directly extracted from an image of the quarter. When the right position of the main point is found, only a translation of al

the points is needed to obtains a proper position of the whole set of trajectories.

. = : : | : irst
2- The angular position of this set must be fitted for each quarter by applying rotations of the whole set around two axis. The fir
- : in
axis is a vertical axis and the second an horizontal axis perpendicular to the sagital plane of the quarter. The two axis cross at the ma
point.
ad®

These conditions are not absolutes. They are the expression of specifications of the equipment and tools such as bl ;
compliance, or pliers dimensions, and signifies the importance of these characteristics on the settling of the strategy of musc

dismantlement.

4 - PUTTING THE SET OF TRAJECTORIES ON THE QUARTER

e
To implement properly the muscle extraction, the knowledge of the main point co-ordinates on the quarter are necessary: il

ALY B d - ns
natomic and consequently the quarter geometric organisation can be defined as a common organisation. The different anatomical P&

W)

. ; : . A C
re always arranged following a general scheme which define the shape, the geometrics dimensions and the relative position of €2

n

, : : / . iffef
anatomical element. This scheme is invariable for different animals from the same specie. But for an animal the geometry of items diff

from the general scheme by size shape and location. We tried to calculate the main point by the measurement of lengths and distance5
between points easily takes on the quarter.
Two methods were tested: modelling and correlation.
A.) Modelling:
A model of external surface of the quarter was built. The successive steps of this construction were:
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Figure 3

Cutting paths on the scapular
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