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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to a deboning method and a deboning apparatus that exhibit excellent yield and can avert
damage to a cutting blade or the like by precisely grasping the outline of a bone by using an X-ray in the step of separating meat
from the bone of an arm part or a thigh part of a carcass to be supplied as meat.

BACKGROUND ART

[0002] The step of deboning an arm part or a thigh part (hereinafter referred to as a "work") of a carcass to be supplied as meat
such as pork, beef, and mutton roughly consists of a preliminary step of removing a hip bone and the like, a meat cutting step of
making a cut in a longitudinal direction along the surface of a forearm bone, a humerus, a lower leg bone, or a thigh bone, and a
meat separation step of tearing meat after the meat cutting step. Because the work is heavy, when the dissection and deboning
operation is manually performed, heavy work is required. As a result, an operator has performed the deboning process while the
work has been suspended by a suspension device such as a gambrel or a clamping device and transported, the heavy work has
been still required.

[0003] Consequently, the present inventors propose a deboning unit in which the steps other than the preliminary step are
automated in each of Patent Document 1 (WO 2008/136513A1) and Patent Document 2 (WO 2009/139032A1).

[0004] In the meat cutting step of the automated unit, when a bone buried in the meat of a work is removed while the work is
suspended by the suspension device via an ankle, the total length of the bone of the work is measured with a clamping position
by the suspension device used as a starting point. From the information on the total length, the outline of the buried bone is
presumed based on an empirical rule. Next, a robot arm equipped with a cutting blade is operated to move the cutting blade along
the presumed outline of the bone, and the meat cutting is thereby performed.

[0005] Although the method can handle about 80% of the total number of works, since the size of the work has an individual
difference, in some cases, the bone has been left in the meat and the yield has been thereby reduced in the remaining 20%
thereof. In addition, in some cases, the cutting blade has cut into the bone, an excessive load has been applied to the cutting
blade, and the cutting blade has been damaged so that the deboning apparatus has had to be halted. The arm part and the thigh
part of the carcass have many uneven variation points at its joint part and condyle part, and it is not easy to precisely operate the
cutting blade along the surface of the bone at these parts when the individual difference in the work is large.

[0006] In the deboning step, although it is necessary to precisely cut body tissues such as a muscle and a tendon around the
bone, a complicated arc-like shape of the bone completely buried in meat is not visible from the outside. In addition, due to a
seasonal change in the state of fleshing or different states of fleshing of different farms, the size of the work itself varies so that
there are cases where the muscle or the tendon cannot be cut completely in some works. Further, the above-described excessive
load is applied to the cutting blade during the meat cutting in some movements of the robot arm, and hence the cutting blade has
been operated on a safe side in which consideration has been given to an error resulting from the individual difference such that
the excessive load has not been generated. As a result, in some cases, the yield of meat has been reduced.

[0007] Patent Document 3 discloses (Japanese Patent Application Laid-open No. H6-324006) a technical matter in which
positions of a muscle of meat, a tendon, and a bone are read by using an X-ray irradiation unit, the positions thereof are indicated
on two or more dimensional coordinates, and a cutting section is caused to perform a cutting operation on the basis of the
process data.

[Patent Document 1] WO 2008/136513A1
[Patent Document 2] WO 2009/139032A1

[Patent Document 3] Japanese Patent Application Laid-open No. H6-324006

[0008] The technical matter disclosed in Patent Document 3 presents only the idea in which the positions of the muscle of the
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meat, the tendon, and the bone are read by using the X-ray irradiation unit and the result of the reading is utilized for the cutting
of the muscle of the meat or the separation of the bone. Accordingly, even when the technical matter disclosed in Patent
Document 3 is applied to the automated deboning unit disclosed in Patent Document 1 or 2, the above-described problem cannot
be solved. That is, in order to allow a deboning process that does not generate the excessive load to the cutting blade, does not
reduce operation efficiency, and maintains high yield to be performed on the work that has the complicated shape, is suspended,
and rapidly moves at a constant speed or by feed based on a tact system, there are still many problems in terms of a production
technology.Document EP2153727 discloses a method and a device of cutting and deboning meat using a robot arm which
comprises a cutter blade.Document WO9721352 discloses a method and a device of cutting and deboning poultry in which the
triosseum canals of a carcass are located by using X-ray.

DISCLOSURE OF THE INVENTION

[0009] In view of the problems of the conventional art, an object of the present invention is to generate no excessive load to a
cutting blade, reduce damage to the cutting blade or the like to maintain high operation efficiency, and improve yield to be higher
than that of the conventional automated unit in an automatic deboning step of a work.

[0010] In order to achieve the object, a deboning method for meat with bone using an X-ray of the present invention is a method
according to claim 1, in which, in a state where an arm part or a thigh part of a carcass is suspended via an ankle, a deboning
process of the arm part or the thigh part is performed by using a multi-axis articulated arm provided with a cutting blade that
operates based on a predetermined operation course including a preliminary step of setting a comparison reference point on an
outline of a bone of the arm part or the thigh part, and also presetting three-dimensional position coordinates of a target
operation course of the cutting blade and two-dimensional position coordinates of the comparison reference point corresponding
to the three-dimensional position coordinates of the target operation course, an X-ray image analysis step of irradiating the X-ray
to each arm part or each thigh part to obtain two-dimensional position coordinates of the outline of the bone of the arm part or the
thigh part by analyzing a transmitted X-ray image, an operation course correction step of determining a positional displacement
amount between the two-dimensional position coordinates of the comparison reference point corresponding to the target
operation course and the two-dimensional position coordinates of the comparison reference point obtained in the X-ray image
analysis step to determine a corrected operation course obtained by correcting the target operation course correspondingly to
the positional displacement amount, and a cutting blade operation step of operating the cutting blade on the corrected operation
course determined in the operation course correction step to perform meat cutting or meat separation of the arm part or the thigh
part.

[0011] In the method of the present invention, one or more comparison reference points are set at positions that can be easily
located on the outlines of the bones of the work. In addition, the three-dimensional position coordinates of the target operation
course and the two-dimensional position coordinates of the comparison reference point corresponding to the target operation
course are preset. The positional displacement amount between the two-dimensional position coordinates and the two-
dimensional position coordinates of the comparison reference point obtained in the X-ray image analysis step is determined, and
the target operation course is corrected correspondingly to the positional displacement amount. By performing this process on
each work, it is possible to precisely operate the cutting blade along the outline of the bone of each work. As a result, it is possible
to prevent the cutting blade from cutting into the bone, reduce damage to the cutting blade to maintain high operation efficiency,
and improve yield.

[0012] Thus, according to the method of the present invention, it is possible to precisely detect the shape of the bone inside
meat, especially the complicated shape and the position of a knee part or a condyle part for each work by analyzing the X-ray
image, and hence it is possible to allow the deboning process having high accuracy as compared with the conventional process
method in which the shape of the bone is presumed according to an empirical rule. With this, it is possible to improve the yield of
meat, avert the cutting of the bone, and prevent a foreign object such as a bone fragment or the like from mixing into the meat. In
addition, it is possible to avert the generation of an excessive load in the cutting blade, and hence it is possible to reduce the
capacity and power of a drive device of the cutting blade.

[0013] The method of the present invention preferably further includes an ankle measurement step of determining an ankle bone
diameter W4 immediately below a clamping position of an ankle of the arm part or the thigh part and an ankle bone diameter W2

immediately above the clamping position thereof from the two-dimensional position coordinates of the outline of the bone of the
arm part or the thigh part obtained in the X-ray image analysis step, a work length measurement step of determining a length L1

from the clamping position to a joint and a length Lo from the joint to an end of a condyle from the two-dimensional position

coordinates obtained in the X-ray image analysis step when the ankle bone diameter W1 is larger than the ankle bone diameter
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W5 in the ankle measurement step, and an image information correction step of changing, when a ratio between the length L
and the length L2 is nhot a normal value, the ratio between the lengths to the normal value to correct the two-dimensional position

coordinates obtained in the X-ray image analysis step.

[0014] The ankle part has a part having an extremely small cross-sectional bone diameter in the central part of a lower leg bone,
and a part in the vicinity of the extremely small diameter part is clamped and suspended by a suspension device. At this point, the
work usually descends by its own weight, and the work is fixed to the suspension device with the clamping position at an increased
diameter part closer to the tip than the extremely small diameter part. As a result, all works can be suspended at a substantially
constant height from the tip of the ankle of each work. The X-ray image analysis is performed with the work suspended at this
position, and the operation course of the cutting blade is set on the basis of two-dimensional position information on the outline of
the bone obtained in the X-ray image analysis.

[0015] However, when the ankle is clamped at a position satisfying W1 > W, in some cases, the work does not descend to the

increased diameter part. When the work is subjected to the X-ray image analysis in this state, and the work descends to the
normal clamping position with the load by the cutting blade applied to the work in the subsequent deboning step, a situation
occurs in which the operation course of the cutting blade does not match the actual position of the work and the excessive load is
applied to the cutting blade. To cope with this, by performing the ankle measurement step, the image information correction step,
and the image information correction step, even when the clamping position of the work is abnormal, it is possible to match the
operation course of the cutting blade with the actual outline of the bone of the work.

[0016] In the method of the present invention, it is preferable that, in the preliminary step, a reaction force applied to the cutting
blade when the cutting blade operates on the target operation course is measured in advance and target reaction force data is
stored, in the cutting blade operation step, the meat cutting in which a cut is made in a longitudinal direction along a surface of
the bone of the arm part or the thigh part is performed and a reaction force applied to the cutting blade during a cutting operation
is measured, and, when a difference between the measured reaction force and the target reaction force data is out of a set
range, the corrected operation course corrected in the operation course correction step is changed such that the difference falls
within the set range. For example, when the measured reaction force is higher than the upper limit of a threshold value, the
cutting blade is moved in a direction in which the cutting blade is moved away from the bone, and the measured reaction force is
thereby returned to a value not more than the threshold value. On the other hand, when the measured reaction force is lower
than the the threshold value, the cutting blade is moved close to the bone, and the measured reaction force is thereby returned
within the threshold value.

[0017] Thus, by measuring the reaction force applied to the cutting blade, it is possible to operate the cutting blade along the
surface of the bone more precisely. As a result, it is possible to further improve the yield of meat, avert the excessive load applied
to the cutting blade, and avert the breakage of the blade and the cutting of the bone.

[0018] Note that the reaction force applied to the cutting blade cab be determined by detecting the current value or the voltage
value of an electric motor that drives the cutting blade. Alternatively, by providing the cutting blade or the like with a strain gauge,
and the reaction force can be determined from the value of the strain gauge. In addition, by subtracting reaction force data
measured during a ho-load operation from reaction force data measured during a loaded operation, it is possible to determine the
precise reaction force that is not influenced by gravity applied to the cutting blade or a fluctuation in bending moment resulting
from gravity.

[0019] In the method of the present invention, it is preferable that a check point is set at a position where an excessive load
tends to be generated in the cutting blade on the operation course of the cutting blade, the reaction force applied to the cutting
blade during the cutting operation is measured in a region on an upstream side of the check point, and, when the difference
between the measured reaction force and the target reaction force data is out of the set range, the corrected operation course
from a point, where the reaction force is measured, to the check point is changed such that the difference falls within the set
range. The check point is set at the joint part or the condyle part where many uneven variation points are present. With this, it is
possible to prevent the generation of the excessive load in the cutting blade at the joint part or the condyle part where many
uneven variation points are present beforehand, and prevent the cutting of the cutting blade into the bone, the damage to the
cutting blade, and the cutting of the bone.

[0020] In the method of the present invention, it is preferable that a reaction force applied to the cutting blade during a no-load
operation is measured in advance and no-load reaction force data is stored in the preliminary step, the reaction force applied to
the cutting blade during the cutting operation of the cutting blade and the no-load reaction force data are compared with each
other and, when a difference between the reaction force and the no-load reaction force data is out of a set range, it is determined
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that the cutting blade is damaged and an operation is halted. With this, it is possible to speedily detect the damage to the cutting
blade to halt the operation of the deboning apparatus. Note that the set range is different from the set range for the difference
between the measured reaction force and the target reaction force data, and is a range that is separately set.

[0021] A deboning apparatus for meat with bone using an X-ray of the present invention that can be used in the implementation
of the above-described method of the present invention is an apparatus according to claim 7 that includes a multi-axis articulated
arm provided with a cutting blade that operates based on a predetermined operation course and a device that suspends and
transports an arm part or a thigh part of a carcass, and performs a deboning process in a state where the arm part or the thigh
part is suspended, including an X-ray irradiation unit that is disposed on an upstream side of the multi-axis articulated arm in a
direction of transport of the arm part or the thigh part and irradiates the X-ray to the suspended arm part or the suspended thigh
part, an X-ray entrance unit into which the X-ray transmitted through the arm part or the thigh part enters, an image analysis
process unit that analyzes a transmitted X-ray image having entered the X-ray entrance unit to obtain two-dimensional position
information on an outline of a bone, and a controller that controls an operation of the cutting blade, the controller including a
comparison reference point setting unit that sets a comparison reference point on the outline of the bone of the arm part or the
thigh part, a storage unit that stores three-dimensional position coordinates of a target operation course of the cutting blade and
two-dimensional position coordinates of the comparison reference point corresponding to the three-dimensional position
coordinates of the target operation course, and an operation course correction unit that determines a positional displacement
amount between the two-dimensional position coordinates of the comparison reference point corresponding to the target
operation course and two-dimensional position coordinates of the comparison reference point obtained in the image analysis
process unit to determine a corrected operation course obtained by correcting the target operation course correspondingly to the
positional displacement amount, wherein the cutting blade is operated on the corrected operation course determined in the
operation course correction unit.

[0022] In the apparatus of the present invention, the comparison reference point setting unit sets one or more comparison
reference points at positions that can be easily located on the outline of the bone of the work. In addition, the three-dimensional
position coordinates of the target operation course and the two-dimensional position coordinates of the comparison reference
point corresponding to the target operation course are preset, and the information is stored in the storage unit. The operation
course correction unit determines the positional displacement amount between the stored two-dimensional position coordinates of
the comparison reference point and the two-dimensional position coordinates of the comparison reference point obtained in the
image analysis process unit, and corrects the target operation course correspondingly to the positional displacement amount. By
performing this process on each work, it is possible to precisely operate the cutting blade along the outline of the bone of each
work. As a result, it is possible to prevent the cutting blade from cutting into the bone, reduce the damage to the cutting blade to
maintain high operation efficiency, and improve the yield. In addition, it is possible to avert the generation of the excessive load in
the cutting blade, and hence it is possible to reduce the capacity and power of the drive device of the cutting blade.

[0023] The controller of the apparatus of the present invention preferably further includes an ankle measurement unit that
determines an ankle bone diameter W1 immediately below a clamping position of the suspension and transport device and an

ankle bone diameter W2 immediately above the clamping position thereof from the two-dimensional position coordinates of the
outline of the bone obtained in the image analysis process unit, a work length measurement unit that determines a length L4 from
the clamping position to a joint and a length L2 from the joint to an end of a condyle from the two-dimensional position coordinates
of the bone obtained in the image analysis process unit when the ankle bone diameter W1 is larger than the ankle bone diameter
W in the ankle measurement unit, and an image information correction unit that changes, when a ratio between the length L1
and the length Lo is out of a normal range, the ratio between the lengths to a normal value to correct the two-dimensional position
information on the bone obtained in the image analysis process unit.

[0024] W4 and Wy are measured by the X-ray image analysis and, when W1 > W5 is satisfied, the lengths L1 and Ly are further
measured by the X-ray image analysis. When the ratio between L4 and L2 is out of the normal range, the ratio therebetween is
changed to the normal value and the two-dimensional position information on the check point is recalculated. With this, even

when the clamping position of the work is abnormal, it is possible to match the operation course of the cutting blade with the
actual outline of the bone of the work.

[0025] The apparatus of the present invention preferably further includes a reaction force measurement device that measures a
reaction force applied to the cutting blade, wherein the storage unit of the controller preferably stores target reaction force data
obtained by measuring a reaction force applied to the cutting blade when the cutting blade operates on the target operation
course, and the controller preferably further includes an operation course change unit that changes, when a difference between a
reaction force measured by the reaction force measurement device during a cutting operation of the cutting blade and the target
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reaction force data is out of a set range, the operation course of the cutting blade such that the measured reaction force falls
within the set range. For example, when the measured reaction force is higher than the upper limit of a threshold value, the
operation course change unit moves the cutting blade in a direction in which the cutting blade is moved away from the bone to
return the measured reaction force to a value not more than the threshold value and, when the measured reaction force is lower
than the threshold value, the operation course change unit moves the cutting blade close to the bone to return the measured
reaction force within the threshold value.

[0026] Thus, since the reaction force applied to the cutting blade is measured and the operation course is corrected in the
operation course change unit on the basis of the reaction force data, it is possible to further precisely operate the cutting blade
along the surface of the bone. As a result, it is possible to further improve the yield of meat, avert the excessive load applied to
the cutting blade, and avert the breakage of the blade and the cutting of the bone.

[0027] In the apparatus of the present invention, it is preferable that the controller sets a check point at a position where an
excessive load tends to be generated in the cutting blade on the operation course of the cutting blade, the reaction force
measurement device measures the reaction force applied to the cutting blade during the cutting operation in a region on an
upstream side of the check point and, when the difference between the measured reaction force and the target reaction force
data is out of the set range, the operation course change unit changes the corrected operation course from a point, where the
reaction force is measured, to the check point such that the difference falls within the set range. By setting the check point at the
joint part or the condyle part where many uneven variation points are present, it is possible to prevent the generation of the
excessive load in the cutting blade beforehand, and also prevent the cutting of the cutting blade into the bone, the damage to the
cutting blade, and the cutting of the bone.

[0028] The controller of the apparatus of the present invention preferably stores measurement data on a reaction force applied
to the cutting blade during a no-load operation in the storage unit, and preferably further includes a determination unit that
compares the reaction force applied to the cutting blade during the cutting operation of the cutting blade and the stored no-load
reaction force data and, when a difference between the reaction force and the stored no-load reaction force data is out of a set
range, determines that the cutting blade is damaged to issue an operation halt instruction. With this, it is possible to speedily
detect the damage to the cutting blade to halt the operation of the deboning apparatus. Note that the set range is different from
the set range for the difference between the measured reaction force and the target reaction force data, and is a range that is
separately set.

[0029] According to the method of the present invention, since a method in which, in a state where an arm part or a thigh part of
a carcass is suspended via an ankle, a deboning process of the arm part or the thigh part is performed by using a multi-axis
articulated arm provided with a cutting blade that operates based on a predetermined operation course includes a preliminary
step of setting a comparison reference point on an outline of a bone of the arm part or the thigh part, and also presetting three-
dimensional position coordinates of a target operation course of the cutting blade and two-dimensional position coordinates of the
comparison reference point corresponding to the three-dimensional position coordinates of the target operation course, an X-ray
image analysis step of irradiating the X-ray to each arm part or each thigh part to obtain two-dimensional position coordinates of
the outline of the bone of the arm part or the thigh part by analyzing a transmitted X-ray image, an operation course correction
step of determining a positional displacement amount between the two-dimensional position coordinates of the comparison
reference point corresponding to the target operation course and the two-dimensional position coordinates of the comparison
reference point obtained in the X-ray image analysis step to determine a corrected operation course obtained by correcting the
target operation course correspondingly to the positional displacement amount, and a cutting blade operation step of operating
the cutting blade on the corrected operation course determined in the operation course correction step to perform meat cutting or
meat separation of the arm part or the thigh part, and it is possible to precisely detect the shape of the bone inside the meat,
especially the complicated shape and the position of the knee part or the condyle of the thigh bone for each work by analyzing
the X-ray image of each work, it is possible to allow the deboning process having high accuracy as compared with the
conventional process method in which the shape of the bone is presumed according to an empirical rule. With this, it is possible to
improve the yield of meat, avert the damage to the cutting blade or the cutting of the bone, prevent a foreign object such as a
bone fragment or the like from mixing into the meat, and allow a high-efficiency deboning process.

[0030] In addition, according to the apparatus of the present invention, since an apparatus that includes a multi-axis articulated
arm provided with a cutting blade that operates based on a predetermined operation course and a device that suspends and
transports an arm part or a thigh part of a carcass, and performs a deboning process in a state where the arm part or the thigh
part is suspended includes an X-ray irradiation unit that is disposed on an upstream side of the multi-axis articulated arm in a
direction of transport of the arm part or the thigh part and irradiates the X-ray to the suspended arm part or the suspended thigh
part, an X-ray entrance unit into which the X-ray transmitted through the arm part or the thigh part enters, an image analysis
process unit that analyzes a transmitted X-ray image having entered the X-ray entrance unit to obtain two-dimensional position
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information on an outline of a bone, and a controller that controls an operation of the cutting blade, the controller includes a
comparison reference point setting unit that sets a comparison reference point on the outline of the bone of the arm part or the
thigh part, a storage unit that stores three-dimensional position coordinates of a target operation course of the cutting blade and
two-dimensional position coordinates of the comparison reference point corresponding to the three-dimensional position
coordinates of the target operation course, and an operation course correction unit that determines a positional displacement
amount between the two-dimensional position coordinates of the comparison reference point corresponding to the target
operation course and two-dimensional position coordinates of the comparison reference point obtained in the image analysis
process unit to determine a corrected operation course obtained by correcting the target operation course correspondingly to the
positional displacement amount, and the cutting blade is operated on the corrected operation course determined in the operation
course correction unit, it is possible to achieve the operation and effect similar to those of the above-described method of the
present invention, and also realize a high-efficiency automatic deboning apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

FIG. 1 is a step diagram of a preliminary process step according to a first embodiment in which the present invention is applied to
a deboning process of a pig thigh part;

FIG. 2 is a step diagram of an automatic deboning deboning process of the first embodiment;
FIG. 3 is a block diagram of an automatic deboning apparatus of the first embodiment;

FIG. 4 is a structural view of the pig thigh part on which an operation course of a cutting blade and comparison reference points
are set in the first embodiment;

FIG. 5A is a view showing an X-ray transmission image of a pig thigh part of a left leg in the first embodiment;
FIG. 5B is a view showing an X-ray transmission image of a pig thigh part of a right leg in the first embodiment;
FIG. 6Ais a flowchart showing operational procedures (the first half) of the automatic deboning apparatus in the first embodiment;

FIG. 6B is a flowchart showing operational procedures (the second half) of the automatic deboning apparatus in the first
embodiment;

FIG. 7 is a diagram showing a torque value applied to the cutting blade in the first embodiment;

FIG. 8 is a front view of a work automatic feed apparatus in the first embodiment;

FIG. 9 is an explanatory view showing a normal clamping position of a work in the first embodiment;

FIG. 10 is an explanatory view showing an abnormal clamping position of the work in the first embodiment;

FIG. 11 is a flowchart showing an image information correction step in the first embodiment;

FIG. 12Ais a view of an X-ray transmission image showing a normal clamping state of the work in the first embodiment;
FIG. 12B is a view of an X-ray transmission image showing an abnormal clamping state of the work in the first embodiment;
FIG. 13 is an explanatory view of a skeleton of the work in the first embodiment;

FIG. 14 is an explanatory view showing the operation course of the cutting blade in a meat cutting step (1) in the first embodiment;
FIG. 15 is a view taken along arrows X-X of FIG. 14;

FIG. 16 is a view taken along arrows Y-Y of FIG. 14;

FIG. 17Ais an explanatory view showing an excellent cutting line in the meat cutting step (1);

FIG. 17B is an explanatory view showing a poor cutting line in the meat cutting step (1);

FIG. 17C is an explanatory view showing another poor cutting line in the meat cutting step (1);

FIG. 18 is an explanatory view showing a kneepan cutting step in the first embodiment;
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FIG. 19 is a front view of a cutting blade drive device in the kneepan cutting step;

FIG. 20 is an enlarged view showing the operation of the cutting blade in the kneepan cutting step;

FIG. 21 is an explanatory view of a step of separating meat from a thigh bone in the first embodiment;

FIG. 22A is a table showing an amount of remaining meat on the work in the first embodiment;

FIG. 22B is a table showing an amount of remaining meat on the work in a conventional deboning process;
FIG. 23Ais a view showing a state of remaining meat on a knee joint of the work in the first embodiment;

FIG. 23B is a view showing a state of remaining meat below the knee joint of the work in the first embodiment;
FIG. 23C is a view showing a state of remaining meat on the work in a conventional deboning process method;
FIG. 24Ais a view showing a result of meat cutting of the thigh bone of the work in the first embodiment;

FIG. 24B is a view of a result of meat cutting of the thigh bone of the work in the conventional deboning process method;
FIG. 25A is a view showing a state of remaining meat on the work after meat separation in the first embodiment;

FIG. 25B is a view showing a state of remaining meat on the work after meat separation in the conventional deboning process
method;

FIG. 26 is a view showing a result of meat cutting in the meat cutting step (1) of the first embodiment;
FIG. 27 is a view showing a comparative example of the result of meat cutting in the meat cutting step (1);
FIG. 28 is a view showing another comparative example of the result of meat cutting in the meat cutting step (1);

FIG. 29 is a step diagram of a preliminary process step according to a second embodiment in which the present invention is
applied to the deboning process of a pig arm part; and

FIG. 30 is a step diagram of an automatic deboning deboning process of the second embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0032] A detailed description is given hereinbelow of the present invention by using embodiments shown in the drawings. Note
that the scope of the invention is not limited only to dimensions, materials, shapes, and relative arrangements of constituent parts
described in the embodiments unless specifically described.

[0033] A description is given of a first embodiment in which the present invention is applied to a deboning step of a pig thigh part
on the basis of FIGS. 1 to 28. FIG. 1 shows a pig thigh part w as a deboning target (hereinafter referred to as a "work w"). In FIG.
1, bones of the work w include a lower leg bone 2, a thigh bone 3, a hip bone 4, and a kneepan 6 (patella) in the vicinity of a knee
joint 5 that joins the lower leg bone 2 and the thigh bone 3 arranged from the side of an ankle 1, and a meat part 7 adheres to
these bones. Before the work w is subjected to a deboning process by an automatic deboning apparatus of the present
embodiment, the hip bone 4 is manually removed by an operator as a preliminary process, and the work w is suspended from a
clamping device 12 of the automatic deboning apparatus by a feed device. The work w moves among individual process devices
constituting the automatic deboning apparatus in a state where the work wis suspended from the clamping device 12.

[0034] FIG. 2 is a flowchart showing all deboning steps according to the present embodiment and, based on FIG. 2, the outline of
all of the deboning steps of the present embodiment are described. In FIG. 2, first, in a left/right determination step, the meat
thickness of each of left and right parts of the work w is measured by two sets of measurement plates 14a and 14b, and it is
determined whether the work w is a right leg or a left leg from a difference in meat thickness between the right and left parts. Next,
in a total length measurement step, the total length of the bones of the work wis measured. The work w has uneven parts at the
knee joint 5 and the condyle part of the thigh bone 3. At the condyle part of the thigh bone 3, a spherical thigh ball 3a and a
major trochanter 3b are present. With a measurement plate 16 being abutted on the thigh ball 3a positioned at the lowest end of
the thigh bone 3 from below, the total length of the bones is measured from a distance between a reference point P
corresponding to the upper surface position of the clamping device 12 and the measurement plate 16.
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[0035] Next, in an X-ray irradiation step, an X-ray is irradiated to the work w, an image of the X-ray transmitted through the work w
is analyzed, and two-dimensional position information on the outlines of the bones is thereby obtained. Then, in an ankle cutting
step, as a stage prior to a meat cutting step, a cut is made in the periphery of the ankle 1 by a rotating circular blade 18 disposed
in a parallel direction, and body tissues such as a muscle and a tendon adhering to the periphery of the ankle are thereby cut.
Subsequently, three-stage meat cutting steps (1) to (3) are performed, and cuts indicated by meat cutting lines Sq to S3 are made

along the surfaces of the bones toward longitudinal directions of the bones. Then, in a kneepan cutting step, as indicated by a cut
line 84, a cut is made along the side surface of the kneepan 6 by a rotating circular blade 20 disposed in a vertical direction. With
this, body tissues adhering to the side surface of the kneepan are cut and meat separation performed in a subsequent step is
facilitated.

[0036] Next, in a lower leg bone separation step (1) and a lower leg bone separation step (2), a separator 22 is pressed against
the upper surface of the meat part 7 and is pulled down, whereby the meat part 7 is torn from the lower leg bone 2. Subsequently,
in a thigh bone separation step, the separator 22 is further pulled down while the body tissues such as the muscle and the tendon
adhering to a part in the vicinity of the condyle of the thigh bone 3 are cut by a circular blade 24, whereby the meat part 7 is
separated from the thigh bone 3.

[0037] FIG. 3 shows a part of an automatic deboning apparatus 10 according to the present embodiment (an X-ray irradiation
unit 30 and a meat cutting unit 50). In FIG. 3, a transport chain 26 is disposed in a horizontal direction so as to connect individual
process stations, and the transport chain 26 is wound on a driven sprocket 28 and a driving sprocket (not shown) and is moved
by the driving sprocket in a direction indicated by an arrow. A large number of the clamping devices 12 are attached to the
transport chain 26 at regular intervals, and the work w is suspended from each clamping device 12 via the ankle 1 and is
transported in the direction indicated by the arrow.

[0038] In the X-ray irradiation unit 30, an X-ray irradiation device 34 is provided inside an X-ray box 32. Aregion surrounded by a
shield wall 36 is disposed forwardly of the X-ray box 32, and an X-ray line sensor 38 is disposed in the region. A transport path for
the work w is arranged so as to cross the shield wall 36 and, when the work w is about to enter the shielded region, the part of the
shield wall 36 facing the transport path is opened. After the work w has entered inside the shield wall 36, the shield wall 36 is
closed. The shield wall 36 is provided with an irradiation window 35 at a position from which an X-ray r is irradiated to the work w,
and the X-ray r is irradiated to the work w from the X-ray irradiation device 34 through the irradiation window 35. The image of the
X-ray transmitted through the work w is inputted to the X-ray line sensor 38. The X-ray transmission image inputted to the X-ray
line sensor 38 is shown on a display 82 of a controller 80 that controls an overall operation of the automatic deboning apparatus
10.

[0039] The X-ray transmission image inputted to the X-ray line sensor 38 is subjected to image analysis in an image analysis
process unit 40, and two-dimensional position coordinates of the outline of bones of the work w can be thereby obtained. The
two-dimensional position coordinates are sent to the controller 80 and a robot controller 60 described later. The meat cutting unit
50 is disposed on the downstream side of the X-ray irradiation unit 30 in the direction of transport of the work. Herein, along the
transport chain 26, there are provided three meat cutting robots 52a to 52c that perform the three-stage meat cutting steps. The
individual meat cutting robots have multi-axis articulated arms of four or six axes 54a to 54c and electric motors 56a to 56c that
operate the multi-axis articulated arms. To the tips of the multi-axis articulated arms, knife-shaped cutting blades 58a to 58c are
attached.

[0040] In addition, there are provided a robot controller 60 that controls the multi-axis articulated arms 54a to 54c to control the
operations of the cutting blades 58a to 58c by controlling the electric motors 56a to 56c¢, and torque sensors 59a to 59c that
detect torques applied to the individual cutting blades during the operations. The torque sensor detects a torque value applied to
the cutting blade by detecting the current value flowing in each of the electric motors 56a to 56c. During the operation of the
automatic deboning apparatus 10, the torque values applied to the electric motors 56a to 56c are constantly detected by the
torque sensors 59a to 59c, and detection signals of the individual torque sensors are inputted to the robot controller 60. The
transport position of each work w is detected by an encoder 57 and is inputted to the controller 80 and the robot controller 60.

[0041] FIG. 4 shows an operation course for a right-leg work w(r) used in the meat cutting step (1) as an example of the
operation course of the cutting blade. In the drawing, Step 1 shows a target operation course. The target operation course is
based on the assumption that the work w has the average size and the average shape. Comparison reference points Ag to Hy are

preset at eight positions on the outlines of the bones, and teaching points c00 to c99 are set on the target operation course. The
comparison reference points are set at parts having characteristics of the shape of the bone.
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[0042] Step 2 in FIG. 4 shows the transmission image of the work w(r) inputted to the X-ray line sensor 38. Two-dimensional
position coordinates of the comparison reference point Ag of Step 1 and two-dimensional position coordinates of a comparison

reference point A of Step 2 (two-dimensional position coordinates determined by analyzing the transmission image in the image
analysis process unit 40) are compared with each other, and a positional displacement amount AA is determined. Next, three-
dimensional position coordinates of the teaching points c00 to c09 of Step 2 are corrected correspondingly to the positional
displacement amount AA. In the same manner, the positional displacement amount of each comparison reference point is
determined, and the position of the teaching point corresponding to each comparison reference point is corrected
correspondingly to the positional displacement amount.

[0043] The correspondence between the comparison reference point and the teaching point is shown in Step 3. For example,
the position of the teaching point c10 is corrected accordingly to the positional displacement amount of the comparison reference
point B, and the positions of the teaching points c11 and c12 are corrected correspondingly to the positional displacement
amount of the comparison reference point C. Step 3 shows a corrected operation course. Thus, the cutting blade 58a is operated
on the corrected operation course.

[0044] In addition, among the teaching points, a teaching point having a high possibility of occurrence of a risk that the cutting
blade 58a cuts into the bone is set as a check point. In Step 3, the check points include c09, c¢11, ¢c19, and c32 (indicated by
double circles). The monitoring of the torque value applied to the cutting blade 58a is started from a region on the upstream side
of the set check point. According to the result of the monitoring, the corrected teaching point is further corrected. That is, when
the torque value is higher than an upper limit value of a set range in the region on the upstream side of the check point, the
operation course is changed in a direction in which the cutting blade 58a is moved away from the bone and, when the torque
value is lower than a lower limit value, the operation course is changed in a direction in which the corrected teaching point is
moved close to the bone.

[0045] For example, the check point c19 has a high risk that the cutting blade 58a cuts into the condyle of the thigh bone.
Consequently, the torque value applied to the cutting blade 58a is monitored from the teaching point ¢16 and, in the manner
described above, the teaching points c16 to c19 are changed.

[0046] FIGS. 5A and 5B show actual X-ray transmission images inputted to the X-ray line sensor 38. FIG. 5A shows a left-leg
work, while FIG. 5B shows a right-leg work. The uneven parts of the work w are a part in the vicinity of the knee joint 5 and a part
in the vicinity of the condyle of the thigh bone 3 and, in order to precisely perform meat cutting of particularly these uneven parts,
it is necessary to obtain precise position information on the uneven parts. Accordingly, the comparison reference points Ato H
are set on the uneven parts. Although the comparison reference points are not set on the central part of the lower leg bone or the
straight bone part of the central part of the thigh bone, the shapes of the outlines of the bones of these parts can be determined
by performing interpolation using the reference point P of the clamping device 12 and the comparison reference points on the
joint and the condyle. In the image analysis process unit 40, two-dimensional position coordinates of these comparison reference
points are obtained, and the target operation course of the cutting blade 58a is corrected on the basis of the position information.

[0047] In FIG. 3, a comparison reference point setting unit 64 sets the comparison reference points Ag to Hg on the outlines of

the knee joint 5 and the condyle part of the thigh bone 3 of the work w before the X-ray irradiation step. A storage unit 62 of the
robot controller 60 stores the two-dimensional position coordinates of the comparison reference points Ag to Hp, the three-
dimensional position coordinates of the target operation course of the cutting blades 58a to 58c, measurement data on the torque
value applied to the cutting blade when the cutting blade operates on the target operation course (hereinafter referred to as
"target torque data"), and measurement data on the torque value applied to the cutting blade during a no-load operation in which
the cutting blade is operated without the work (hereinafter referred to as "no-load torque data"). The target operation course is
set on the assumption that the pig thigh part has the average size and shape.

[0048] An operation course correction unit 66 determines the positional displacement amounts between the two-dimensional
position coordinates of the comparison reference points Ag to Hp corresponding to the target operation course and the two-
dimensional position coordinates of the comparison reference points A to H of the X-ray transmission image obtained in the image
analysis process unit 40 to determine a corrected operation course obtained by correcting the target operation course, i.e., the
teaching points correspondingly to the positional displacement amounts. An ankle measurement unit 68 determines an ankle
bone diameter W4 immediately below the reference point P of the clamping device 12 and an ankle bone diameter W»
immediately above the reference point P thereof from the two-dimensional positional coordinates of the bones obtained in the
image analysis process unit 40, as shown in FIGS. 12A and 12B.

[0049] As shown in FIG. 13, a work length measurement unit 70 determines a length L1 from the clamp reference point P to the
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knee joint 5 and a length Ly from the knee joint 5 to the lower end of the thigh ball 3a from the two-dimensional position

coordinates of the bones obtained in the image analysis process unit 40. In an image information correction unit 72, when a ratio
(Lo/L4) is not in a normal range, the ratio is changed to the normal value to correct the two-dimensional position coordinates of

the X-ray transmission image obtained in the image analysis process unit 40. An operation course change unit 74 issues an
instruction to change the operation course to the electric motors 56a to 56c such that the difference between the torque value
generated in the target operation course stored in the storage unit 62 and the torque value actually detected by each of the
torque sensors 59a to 59c during the cutting operation falls within a set range.

[0050] A determination unit 76 compares the torque value applied to the cutting blade during the cutting operation and the no-
load torque data stored in the storage unit 62 and, when the difference therebetween falls within a set range, determines that the
cutting blade is damaged, and issues an signal for halting the operation of the automatic deboning apparatus 10 to the controller
80. An alarm unit 78 issues an alarm when the difference falls within the set range.

[0051] Next, a description is given of operational procedures of the automatic deboning apparatus 10 on the basis of flowcharts
of FIGS. 6A and 6B. FIG. 6A shows the first half of the operational procedures, while FIG. 6B shows the second half of the
operational procedures. The operation performed in the image analysis process unit 40 is shown within a frame 40A, the
operation performed in the controller 80 is shown within a frame 80A, and the operation performed in the robot controller 60 is
shown within a frame 60A. When the automatic deboning apparatus 10 is actuated and the transport of the work w is started
(810), the X-ray irradiation unit 30 becomes ready to start the image analysis process (S12). Next, a shield wall 36 shielding
instruction is issued from the controller 80 (S14). When the shield wall 36 is not brought into a shielding state, the flow returns to
the actuation of the automatic deboning apparatus 10. When it is determined that the shielding state is established (S16), an X-
ray irradiation start instruction is issued from the controller 80 (S18).

[0052] Subsequently, an irradiation window 35 opening instruction is issued from the controller 80 (S20) and an imaging start
instruction is issued from the controller 80 (S22), the X-ray r is irradiated from the X-ray irradiation device 34 through the
irradiation window 35. The X-ray r transmitted through the work w is inputted to the X-ray line sensor 38. Then, an imaging end
instruction (S24) and an X-ray irradiation end instruction (S26) are issued from the controller 80 and, when the X-ray irradiation is
ended, an irradiation window 35 closing instruction is issued (S28). When it is determined that the irradiation window 35 is closed
(830), a shield wall 36 opening instruction is issued (S33). When the irradiation window 35 is not closed (S30), the operation of
the automatic deboning apparatus 10 is halted (S32).

[0053] When the imaging is ended (S24), an instruction to request the X-ray transmission image is issued from the image
analysis process unit 40 to the X-ray line sensor 38 (S34), the X-ray transmission image is captured into the image analysis
process unit 40 (S36), and image processing is performed (S38). In the image processing, filtering and binarization are performed
and a binarized image is thereby obtained. Subsequently, the binarized image is shown on two-dimensional coordinates and the
two-dimensional position coordinates of the work w are obtained. The image processing is conventional, as disclosed in Patent
Document 3. The two-dimensional position coordinates of the work w obtained in the image analysis process unit 40 are
transmitted to the controller 80 (S40).

[0054] When receiving the two-dimensional position coordinates of the work w, the controller 80 sends the two-dimensional
position coordinates to the robot controller 60 (842), and also performs the ankle cutting step shown in FIG. 2 while selecting the
operation of the apparatus according to whether the work w is the the left leg or the right leg (S46). In the robot controller 60, the
operation course correction unit 66 compares the two-dimensional position coordinates of the comparison reference points Ag to
Hp of the target operation course stored in the storage unit 62 and the two-dimensional position coordinates of the comparison
reference points A to H of the X-ray transmission image obtained in the image analysis process unit 40 to determine the positional
displacement amounts and, as described above, corrects the three-dimensional position coordinates of the teaching points
correspondingly to the positional displacement amounts (S44).

[0055] Thereafter, the controller 80 issues a meat cutting step start instruction to the robot controller 60 (S48). On reception of
the instruction, the robot controller 60 issues a meat cutting step start instruction to each of the meat cutting robots 52a to 52c
(S50). At the same time as the start of the meat cutting step, each of the torque sensors 59a to 59c starts the measurement of
the torque value applied to each of the drive motors 56a to 56c (S52). When the torque value T < T - B (set value) is satisfied
until the end of the meat cutting step after the start of measurement of the torque value (S54), the determination unit 76
determines that one of the cutting blades 58a to 58c is damaged and in a no-load state. Subsequently, the alarm device 78
issues the alarm (S56), and the operation of the automatic deboning apparatus 10 is halted (S58). Note that the set value (T1 - B)
can be a value different from a threshold value T4 or T2 by independently setting the value of 3.

10



DKI/EP 2532246 T3

[0056] When each of the cutting blades 58a to 58c reaches the region on the upstream side of the check points c09, c11, c19,
or c¢32 (S60), the torque value T is checked (S62). When the threshold value (lower limit) T4 £ T < the threshold value (upper

limit) T» is satisfied, the meat cutting is performed without changing the teaching point, and each of the cutting blades 58a to 58c
is moved to the check point (S68). When the torque value T > T2 is satisfied, the teaching points from the current position to the

check point are changed in a direction in which the cutting blade is moved away from the bone surface by the operation course
change unit 74 (S64).

[0057] In addition, when the torque value T < T+ is satisfied, the teaching points from the current position to the check point are

changed in a direction in which the cutting blade is moved close to the bone surface by the operation course change unit 74
(866). Note that, as the threshold value (lower limit) T4 and the threshold value (upper limit) T, different values are preset at the

individual teaching points on the operation course and are stored in the storage unit 62.

[0058] When the meat cutting step is ended (S70), the kneepan cutting step is performed while the operation of the apparatus is
selected according to whether the work w is the left leg or the right leg (S72). Further, the lower leg bone separation step (1)
(874), the lower leg bone separation step (2) (876), and the thigh bone separation step (S78) are sequentially performed while
the similar operation selection is performed.

[0059] FIG. 7 shows an example of test data of the meat cutting step (1) in which the vertical axis indicates the torque value T
applied to the electric motor 56a and the horizontal axis indicates the teaching points on the operation course. Figures of the
horizontal axis correspond to those of the teaching points shown in FIG. 2. In FIG. 7, a curve H is a no-load torque data curve
indicative of the torque value applied to the electric motor 56a when the cutting blade 58a is in the no-load state, while a curve | is
a target torque data curve indicative of the torque value when the cutting blade operates on the target operation course, an
excessive load is not applied to the cutting blade 58a, and the yield is excellent.

[0060] Acurve Jis a measured torque curve indicative of the measured torque value when the automatic deboning apparatus 10
is actually operated. It is shown that the torque value T has become higher than the target value indicated by the curve | in the
vicinity of the teaching points c18 to c22 (positioned in the vicinity of the condyle of the thigh bone) of the measured torque curve
J. As a result, it is shown that the torque value T could be returned to the normal value after the teaching point c22 by shifting the
cutting blade 58a in a direction in which the cutting blade 58a is moved away from the bone part by the operation course change
unit 74.

[0061] As shown in FIG. 8, on the upstream side of the X-ray irradiation unit 30 in the direction of transport of the work w, an
automatic feed device 84 that suspends the work w from the clamping device 12 is provided. The work w is temporarily delivered
to a clamping stage 86 from the automatic feed device 84 and, thereafter, the work wis pushed by a pusher (not shown) to be slid
on the clamping stage 86 and inserted into the clamping device 12. Note that the lower leg bone 2 is constituted by a shin bone
2a and a calf bone 2b.

[0062] FIG. 9 shows a state where the work wis delivered to the clamping device 12 at a normal clamping position K. As shown in
FIG. 13, the ankle 1 has a part 2c where the cross-sectional diameter of the bone is extremely small at a position closer to the
lower leg bone 2 than the tip thereof, and the work w is inserted in the clamping device 12 at a part in the vicinity of the extremely
small diameter part 2c. Thereafter, the work w usually descends by its own weight, and is fixed to the clamping device 12 at an
increased diameter part 2d closer to the tip than the extremely small diameter part 2c.

[0063] However, as shown in Step 1 in FIG. 10, due to a thin bone or a thick skin of the ankle 1 of the work w, there are cases
where the work w is clamped at a position below the ankle 1, the clamping position is shifted from the normal clamping position K
upwardly by Ah, and the work w does not descend by its own weight. When the X-ray irradiation is performed in this state and a
downward load by the cutting blade is then applied to the work win the meat cutting step as shown in Step 2 in FIG. 10, the work
w descends to the increased diameter part 2d by Ah. As a result, a difference of Ah in the height of the work w is generated
between during the X-ray irradiation and during the meat cutting. Consequently, the operation course of the cutting blade does
not match the actual position of the work and, when the meat cutting is performed in this state, an excessive load is generated in
the cutting blade, which leads to the damage to the cutting blade. A description is given of a method for preventing the damage
on the basis of FIGS. 11 to 13.

[0064] In the normal clamping state, the diameter of the bone immediately above the clamping position should be larger than that
of the bone immediately below the clamping position. By using this feature, it is determined whether or not the clamping position is
normal. The determination procedures are described on the basis of the flowchart of FIG. 11. First, the X-ray irradiation unit 30
acquires the X-ray image of the work w (S90). FIGS. 12A and 12B show examples of the X-ray image. FIG. 12A shows a normal
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clamping position, while FIG. 12B shows an abnormal clamping position. Next, from the two-dimensional position coordinates of
the work w obtained in the image analysis process unit 40, the ankle measurement unit 68 of the controller 60 determines an
immediately-below bone diameter W¢ and an immediately-above bone diameter Wo (S92 and S94).

[0065] When a difference (W1 - W9) is positive (S96), from the two-dimensional position coordinates of the work w obtained in
the image analysis process unit 40, the work length measurement unit 70 determines the length L4 and the length L2 shown in
FIG. 13 (S98). When the difference (W1 W2) is negative, the two-dimensional position coordinates obtained in the image analysis
process unit 40 are not corrected. Note that the length L1 is a length from the clamping position to the knee joint 5, and the length
Lo is a length from the knee joint 5 to the lower end of the thigh ball 3a. Next, when the ratio (Lo/L4) is not in the normal range
(8100), the two-dimensional position coordinates are recalculated based on the normal ratio (S102), and the two-dimensional
position coordinates are corrected (S104). Note that the normal range is a range where the ratio (Lo/L4) = 1.5 to 1.8 is satisfied in

the case of the pig thigh part. The corrected two-dimensional position coordinates are transmitted to the controller 80 (S106).

[0066] Subsequently, a description is given of a meat cutting method in the meat cutting step (1) by taking the right-leg work w(r)
as an example on the basis of FIGS. 14 to 17. As shown in FIG. 16, the meat part of the periphery of the thigh bone 3 is
constituted by a top round a, a round tip b, and a bottom round c, and a fat layer d is present on the outside of the bottom round
c. In the meat cutting step (1), a cut is made obliquely along a cutting line C1 from the lower part of the lower leg bone 2 to the
upper part of the kneepan 6 by the cutting blade 58a of the meat cutting robot 52a (c01 to c04). Thereafter, a cut is made again
along a cutting line Co from above downwardly (c06 to c99). With the cutting line Co, the cutting blade 58a is moved along a
fascia e at the boundary between the top round a and the round tip b to cut the part between the top round a and the round tip b
and cut a periosteum on the surface of the thigh bone. A hatching f shows a cut surface between the top round a and the round
tip b, and a hatching g shows a cut surface along the surfaces of the lower leg bone 2 and the thigh bone 3.

[0067] Each of FIGS. 17Ato 17C is a view indicative of the quality of the cutting line. A meat cutting line C 3 shown in FIG. 17A s
a cutting line along the fascia e, and allows excellent meat cutting that does not damage the fascia e. A cutting line C4 shown in
FIG. 17B results in poor meat cutting that damages the fascia e on the side of the round tip and generates wasted meat m of the
round tip b. A cutting line C5 shown in FIG. 17C results in poor meat cutting that damages the fascia e on the side of the top
round, generates the wasted meat m of the top round a, and cannot cut the thigh periosteum so that the thigh periosteum
remains on the thigh bone and the yield of meat is deteriorated.

[0068] As shown in FIGS. 14 to 16, the top round a is positioned so as to hang over the round tip b. The boundary between the
top round a and the round tip b is constituted by a three-dimensional curved plane so that, in order to make a cut along the fascia
e using a straight knife-shaped cutting blade, it is necessary to initially stick the cutting blade into the fascia e from the lower part
of the lower leg bone 2. That is, making a cut along the cutting line C4 allows the knife-shaped cutting blade to smoothly enter a

part between the fascia e and the top round a when a cut along the cutting line Cp is made afterward.

[0069] As shown in FIGS. 14 and 15, along the cutting line C4, the cutting blade 58a reaches a position where only the top round
a can be cut and the round tip b cannot be cut and, along the cutting line Cp, the cutting blade 58a enters a part inside the top
round a, and can cut the meat part as if the cutting blade 58a slides on the fascia e on the side of the round tip b. When the
cutting line C1 is shifted upward or downward, during the cutting along the cutting line Cp, it becomes difficult for the cutting blade
to enter onto the fascia e. In the present embodiment, since it is possible to accurately grasp the shape and the position of the
bone of the knee joint 5 by performing the X-ray image analysis of the work w to accurately position the operation course of the
cutting blade 58a in correspondence to the shape and the position thereof, it is possible to accurately position the cutting line C1.
As a result, the meat cutting along the cutting line C3 shown in FIG. 17Ais allowed. Consequently, it is possible to improve the
yield without damaging the top round a or the round tip b.

[0070] Next, a description is given of the kneepan cutting step of the present embodiment by taking the right-leg work w(r) as an
example on the basis of FIGS. 18 to 20. The kneepan cutting step is a step of cutting body tissues such as a muscle and a
tendon adhering to the side surface of the kneepan 6 by the rotating circular blade 20. In FIG. 18, the rotating circular blade 20
disposed in a vertical direction is caused to descend to form a cut surface i along the side surface of the kneepan 6.

[0071] FIG. 19 shows a drive device 90 of the rotating circular blade 20. A drive motor of the rotating circular blade 20 is
contained in a motor casing 92. An air cylinder 96 is fixed to a platform 94 in a vertical direction. Aframe 92a of the motor casing
92 is connected to an arm 100 at a predetermined angle with respect to the arm 100, and the connection part between the frame
92a and the arm 100 and a piston rod 98 of the air cylinder 96 are rotatably connected to a shaft 93. The other end of the arm
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100 is rotatably attached to a support shaft 102 attached to the platform 94.

[0072] With this arrangement, as shown in FIG. 20, an axis 20a of the motor casing 92 and the rotating circular blade 20 is tilted
in accordance with the vertical movement of the piston rod 98, and the angle of the rotating circular blade 20 can be changed. A
boss part 94a of the platform 94 is guided by a guide bar 104 provided to vertically stand on a base 103. A screw rod 106 is
provided to stand adjacent to the guide bar 104, and the screw rod 106 is rotationally driven by a drive motor 108. The platform
94 is moved up and down by the rotation of the screw rod 106.

[0073] In the structure described above, as shown in FIG. 20, it becomes possible to operate the rotating circular blade 20 along
the side surface of the curved kneepan 6 while the rotating circular blade 20 is caused to descend. Consequently, it is possible to
cut the body tissues adhering to the side surface of the kneepan 6 to improve the yield of meat. In addition, as shown in FIG. 18,
among the comparison reference points A to H, the comparison reference point B is set at the knee joint 5 and the cutting start
height of the cut surface i is set to the same height of that of the comparison reference point B, whereby it is possible to
accurately position the cutting start height of the cut surface i. In addition, the comparison reference point E is set at the lower
end of the kneepan 6 and the cutting end height of the cut surface i is set to the same height as that of the comparison reference
point E, whereby it is possible to accurately position the cutting end height of the cut surface i.

[0074] Next, a description is given of a meat separation step in the thigh bone 3 of the present embodiment on the basis of FIG.
21. In the meat separation step, a rotating circular blade 24 disposed in the horizontal direction is used. At positions j, k, and n,
the rotating circular blade 24 is moved in the horizontal direction to be close to the work w(r) to cut body tissues adhered to the
lower end part of the kneepan 6 and the surface of the thigh bone 3. By simultaneously performing the cutting operation, and
pulling up of the clamping device 12 and pressing of the meat part by the separator 22 as shown in FIG. 2, the meat part 7 is
separated from the thigh bone 3.

[0075] The cutting position j is positioned at the lower end of the kneepan 6, and corresponds to the comparison reference point
E. At the cutting position J, the body tissues adhered to the lower end of the kneepan 6 are cut by the rotating circular blade 24.
The cutting position k is positioned at the condyle of the thigh bone, and the cutting position n is positioned at the lower end of
the condyle of the thigh bone. While the meat part adhering to the thigh bone 3 is pressed and torn by the separator 22, the body
tissues on the surface of the thigh bone are cut at the cutting position k, and the meat part is separated from the thigh bone 3 at
the cutting position n. In the present embodiment, the comparison reference point E and the cutting position k are set at the same
height and the comparison reference point H and the cutting position n are set at the same height, and hence it is possible to
precisely position the rotating circular blade 20 at the cutting positions j, k, and n. As a result, it is possible to efficiently perform
the meat separation step of the thigh bone 3, and also improve the yield of meat.

[0076] According to the present embodiment, the comparison reference points Ato H are set at characteristic parts of the bones,
each work w is subjected to the X-ray image analysis, the positional displacement amounts between the two-dimensional position
coordinates of the comparison reference points Ag to Hp corresponding to the target operation course of the cutting blade and
the two-dimensional position coordinates of the comparison reference points A to H of the work w obtained by the X-ray image
analysis are determined, the three-dimensional position coordinates of the target operation course are corrected correspondingly
to the positional displacement amounts, and the cutting blade is operated on the corrected operation course, and hence it is
possible to operate the cutting blade on the precise operation course along the surfaces of the bones for each work.

[0077] As a result, it is possible to prevent the cutting blade from cutting into the bone, reduce the damage to the cutting blade to
maintain high operation efficiency, and also improve the yield of meat. In addition, it is possible to avert cutting of the bone by the
cutting blade, prevent a bone fragment from mixing into the meat, and also avoid the generation of the excessive load in the
cutting blade, and hence it is possible to reduce the capacity and power of the drive device of the cutting blade.

[0078] Further, even when the work w is clamped at the abnormal position relative to the clamping device 12 so that a difference
is generated between the two-dimensional position coordinates of the bones of the work w obtained by the X-ray image analysis
and the height of the work w during the meat cutting in the subsequent step, the difference is detected in advance and the two-
dimensional position coordinates obtained by the X-ray image analysis are corrected to the normal position during the meat
cutting, and hence it is possible to avert the application of the excessive load to the cutting blade during the meat cutting.

[0079] Furthermore, in the meat cutting steps (1) to (3), in addition to the acquisition of the position information by the X-ray
image analysis of the work w, the torque value applied to the cutting blade is measured and the operation of the cutting blade is
changed such that the torque value falls within the set range relative to the target reaction force, and hence it is possible to
further precisely operate the cutting blade along the surface of the bone. As a result, it is possible to further improve the yield of
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meat, avert the application of the excessive load to the cutting blade, and prevent the damage to the cutting blade and cutting of
the bone by the cutting blade.

[0080] Moreover, the check points are set at positions where the cutting blade tends to cut into the bone on the operation course
of the cutting blade, i.e., the knee joint 5 and the condyle of the thigh bone, the torque value applied to the cutting blade is
monitored from the region on the upstream side of the check point, and the torque value is thereby controlled so as not to be
excessively large, and hence it is possible to prevent the cutting blade from cutting into the bone at the check point beforehand.

[0081] Additionally, the torque value applied to the cutting blade during the no-load operation is stored in the storage unit 62
and, by comparing the torque value and the torque value applied to the cutting blade during the meat cutting step, it is possible to
speedily detect the damage to the cutting blade. Subsequently, it is possible to speedily halt the operation of the automatic
deboning apparatus 10 to speedily perform the subsequent process.

[0082] In addition, in the meat cutting step (1), it is possible to accurately grasp the shape and position of the bone of the work w
by the X-ray image analysis, and hence it is possible to accurately position the cutting lines Cq and Cp. As a result, it is possible to

precisely cut the part between the top round a and the round tip b without damaging the fascia e to eliminate the occurrence of
the wasted meat. In the kneepan cutting step, it is possible to accurately position the cutting start point and the cutting end point
of the cut surface i on the basis of the set comparison reference points B and E. As a result, it is possible to improve the yield of
meat and also improve the operation efficiency of the automatic deboning apparatus 10. Further, in the meat separation step of
the thigh bone, it is possible to precisely position the cutting position j, k, and n of the rotating circular blade 24 on the basis of the
set comparison reference points E to H, and hence it is possible to improve the yield of meat and also improve the operation
efficiency of the automatic deboning apparatus 10.

[0083] FIG. 22A shows the amount of remaining meat on the work w after the deboning process steps according to the present
embodiment, while FIG. 22B shows the amount of remaining meat on the work w, which has not been subjected to the W-ray
image analysis, after the deboning process disclosed in Patent Document 1 or 2. From these drawings, it can be seen that the
present embodiment can reduce more amount of remaining meat than the conventional method by 10 g or more.

[0084] Further, the deboning process according to the present embodiment and the deboning process disclosed in Patent
Document 1 or 2 were actually performed and the state of remaining meat on the work w in each process was observed. Each of
FIGS. 23A and 23B shows the result of meat cutting below the knee joint according to the present embodiment, while FIG. 23C
shows the result of meat cutting of the knee joint part by the conventional deboning process without performing the X-ray image
analysis. In FIG. 23B, points A, B, C, and D correspond to the comparison reference points A, B, C, and D in FIG. 5. In FIG. 23C,
M indicates a bone cut part where a part of the lower leg bone 2 is cut by the cutting blade, and N indicates a remaining meat part
where the remaining meat adheres to the lower leg bone 2. It can be seen that the meat part is cut along the bone surface more
precisely in the present embodiment.

[0085] FIG. 24A shows the result of meat cutting of the thigh bone part according to the present embodiment, while FIG. 24B
shows the result of meat cutting of the thigh bone part by the conventional deboning process. In FIG. 24A, cutting of the
periosteum of the thigh bone and meat cutting of the periphery of the thigh ball 3a are stably performed and the amount of
remaining meat is reduced. In contrast to this, in FIG. 24B, at parts O and Q, the condyle of the thigh bone is broken.

[0086] FIG. 25A shows the state of remaining meat on the work w after meat separation according to the present embodiment,
while FIG. 25B shows the state of remaining meat after meat separation by the conventional deboning process. FIG. 25A shows
the state of remaining meat on each of the knee joint 5, the thigh bone 3, and the thigh ball 3a. The amount of remaining meat is
less than 40 g and, in FIG. 25B, R indicates bone cut parts, and the surface of the bone is cut in places at the parts R. In addition,
Uindicates remaining meat parts, and the remaining meat adheres to the bone at the parts U.

[0087] Each of FIGS. 26 to 28 shows the state of the cut surface of the fascia e at the boundary between the top round a and
the round tip b in the meat cutting step (1) of the present embodiment. FIG. 26 shows an excellent cut surface obtained by the
present embodiment. The fascia e on the side of the round tip is not damaged and is left in an excellent state. In the drawing, the
reference numeral 3 denotes the thigh bone. FIGS. 27 and 28 are given as comparative examples, and are examples of poor
cutting in which the X-ray image analysis of the work wis not performed. In FIG. 27, the fascia on the side of the round tip b is cut
and the lean is exposed. In addition, since a part of the round tip adheres onto the top round a, the part of the round tip has to be
removed when the fascia on the side of the top round is removed so that the part of the round tip becomes wasted meat.

[0088] In FIG. 28, the fascia of the top round a is cut and the lean is exposed. Since a part of the top round adheres onto the
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round tip b, the part of the top round has to be removed when the fascia of the round tip is removed so that the part of the top
round becomes wasted meat. In addition, at a position indicated by V, the periosteum of the thigh bone 3 is not cut so that the
yield of meat is deteriorated.

(Second Embodiment)

[0089] Next, a description is given of a second embodiment in which the present invention is applied to the deboning step of a
pig arm part on the basis of FIGS. 29 and 30. FIG. 29 shows preliminary process steps manually performed by an operator, and
FIG. 30 shows deboning steps by an automatic deboning apparatus. In FIG. 29, the skeleton of an arm/shoulder part 110 after a
dressed carcass is roughly divided is constituted by a backbone 112, a rib 114, a spur 116, a humerus 118, and a forearm bone
120. The arm/shoulder part 110 is divided along a cutting line Cg into an arm part 122 and a boston butt part 124. The boston
butt part 124 divided from the arm part 122 is subjected to another deboning step. As for the arm part 122, a fat layer 126 in a
neck part of the arm part 122 is removed in the next step, and then a rib meat 128 on the boundary side of the shoulder part is
turned over. Next, an upper side meat 132 on a scapula 130 is torn.

[0090] Subsequently, as shown in FIG. 30, a shank meat 133 is cut open to expose the forearm bone 120, and an ankle is
suspended from the clamping device 12. From this point onward, automatic deboning steps by the automatic deboning apparatus
are started. The automatic deboning apparatus of the present embodiment has the structure similar to that of the first
embodiment. First, a plurality of comparison reference points A, B, C, - are set at positions that can be easily located on the
outlines of the bones. In addition, a storage unit of a controller of the automatic deboning apparatus stores three-dimensional
position coordinates of a target operation course of the cutting blade in each of a meat cutting step and a meat separation step,
and data on a normal torque value applied to a cutting blade during the cutting operation. X-ray irradiation and X-ray image
processing of the arm part 122 are performed in the next step, and the target operation course is corrected on the basis of two-
dimensional position coordinates obtained by the X-ray image processing.

[0091] Subsequently, meat cutting shown by a meat cutting line Sg is performed in a meat cutting step (1), then meat cutting
shown by a meat cutting line Sg is performed in a meat cutting step (2) and, thereafter, the scapula 130 is removed. In each of the

meat cutting steps (1) and (2), during the cutting operation, the torque value applied to the cutting blade and the data on the
normal torque value are compared with each other, and the operation course of the cutting blade is controlled such that an
excessive load is not applied to the cutting blade.

[0092] Then, meat cutting of the forearm bone part shown by a meat cutting line S7 is performed, and the forearm bone 120

separated from a meat part 134 and the humerus 118 to which the meat part 134 still adheres are separated from each other.
The humerus 118 is suspended from a rail 136 disposed in a horizontal direction. Thereafter, in a state where the humerus 118 is
suspended from the rail 136, the step of separating the meat part 134 from the humerus 118 is performed, and the humerus 118
remaining on the rail 136 is eventually discharged.

[0093] By the above-described structure and performing the above-described operational procedures, in the present
embodiment as well, it is possible to obtain the operation and effect similar to those of the first embodiment.

INDUSTRIAL APPLICABILITY

[0094] According to the present invention, in an automatic deboning step of an arm part or a thigh part of a carcass, it is possible
to allow precise meat cutting along a bone surface, improve yield, and prevent an excessive load in a cutting blade.
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Patentkrav

1. Udbeningsfremgangsmade til ked med knogle under anvendelse af en
rgntgenstrale (r), hvorved, i en tilstand hvor en armdel (122) eller en lardel af
en slagtekrop opheenges i en ankel (1), en udbeningsproces af armdelen
(122) eller lardelen udfgres under anvendelse af en leddelt multiakse-arm
(54a, 54b, 54c,) tilvejebragt med en skeereklinge (58a, 58b, 58c), der funge-
rer pa basis af et forud fastlagt driftsforlgb,

kendetegnet ved, at fremgangsmaden omfatter:

et indledende trin, hvor der indstilles et sammenligningsreferencepunkt (Ao,
Bo, Co, Do, Eo, Fo, Go, Ho) pa et omrids af en knogle af armdelen (122) eller
lardelen, og ogsa forindstilles tredimensionale positionskoordinater af et mal-
driftsforlgb af skaereklingen (58a, 58b, 58¢) og todimensionale positionskoor-
dinater af sammenligningsreferencepunktet svarende til de tredimensionale
positionskoordinater af mal-driftsforlgbet;

et rontgenbillede-analysetrin med rontgenbestréling (r) af hver armdel (122)
eller hver lardel til opnaelse af todimensionale positionskoordinater af omrid-
set af knoglen af armdelen (122) eller lardelen ved at analysere et transmitte-
ret rontgenbillede;

et driftsforlob-korrektionstrin med bestemmelse af en positionel forskyd-
ningsmeaengde mellem de todimensionale positionskoordinater af sammenlig-
ningsreferencepunktet (Ao, Bo, Co, Do, Eo, Fo, Go, Ho) svarende til mal-
driftsforlgbet og de todimensionale positionskoordinater af sammenlignings-
referencepunktet (A, B, C, D, E, F, G, H) opnaet i rontgenbillede-
analysetrinnet til bestemmelse af et korrigeret driftsforlgb opnaet ved at kor-
rigere mal-driftsforlebet svarende til den positionelle forskydningsmasngde;

o9

et skaereklinge-arbejdstrin, hvor skaereklingen arbejder (58a, 58b, 58c¢) pa det
korrigerede driftsforlgb bestemt i driftsforlgb-korrektionstrinnet til udfgrelse af
kodopskeering eller kodadskillelse af armdelen (122) eller lardelen.
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2. Udbeningsfremgangsmade til kod med knogle under anvendelse af en
rgntgenstréle (r) ifalge krav 1, endvidere omfattende:

et ankelmalingstrin, hvor en ankelknoglediameter Wy bestemmes umiddel-
bart under en spaendeposition af en ankel (1) af armdelen (122) eller lardelen
og en ankelknoglediameter W, umiddelbart over spsendepositionen deraf fra
de todimensionale positionskoordinater af omridset af knoglen af armdelen
(122) eller lardelen opnéet i rontgenbillede-analysetrinnet;

et arbejdslaengde-malingstrin, hvor en lzengde L1 bestemmes fra spaendepo-
sitionen til et led (5) og en leengde L, fra leddet (5) til en ende af et condulus
fra de todimensionale positionskoordinater opnaet i rentgenbillede-
analysetrinnet, nar ankelknoglediameteren W1 er starre end ankelknogledia-
meteren W, i ankelmalingstrinnet; og

et billedinformations-korrektionstrin, hvor forholdet mellem laengderne og en
normal vaerdi for at korrigere de todimensionale positionskoordinater opnéet i
rgntgenbillede-analysetrinnet eendres, nar et forhold mellem leengden Ly og
lzengden L, ikke falder inden for et normalomréade.

3. Udbeningsfremgangsmade til ked med knogle under anvendelse af en
rgntgenstréle (r) ifolge krav 1, hvorved

i det indledende trin, en reaktionskraft pafort pa skaereklingen (58a, 58b,
58c), nar skeereklingen (58a, 58b, 58c¢) arbejder pa mal-driftsforlgbet, males
pa forhand, og mal-reaktionskraft-data gemmes,

i skaereklinge-arbejdstrinnet, kadopskaeringen udfares, idet der foretages et
snit i en laengderetning langs en overflade af knoglen af armdelen (122) eller
lardelen, og en reaktionskraft pafart pa skaereklingen (58a, 58b, 58c) under
en skaereoperation males, og

nar en forskel mellem den malte reaktionskraft og mal-reaktionskraftdataene
ligger uden for et indstillet omrade, det korrigerede driftsforlab korrigeret i
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driftsforlab-korrektionstrinnet aendres, saledes at forskellen falder inden for
det indstillede omrade.

4. Udbeningsfremgangsméade til kod med knogle under anvendelse af en
rgntgenstrale (r) ifelge krav 3, hvorved reaktionskraften pafart pa skeereklin-
gen (58a, 58b, 58c) under skaereoperationen bestemmes ved at subtrahere
en reaktionskraft pafert pa skeereklingen (58a, 58b, 58c) under ikke-
belastningsdrift fra en reaktionskraft pafert pa skeereklingen (58a, 58b, 58c)
under belastet drift.

5. Udbeningsfremgangsmade til ked med knogle under anvendelse af en
rantgenstrale (r) ifelge krav 3, hvorved der indstilles et kontrolpunkt i en posi-
tion, hvor der er en tendens til, at der genereres for stor en belastning i skee-
reklingen (58a, 58b, 58c) pa driftsforlobet af skeereklingen (58a, 58b, 58c),
reaktionskraften pafort pa skaereklingen (58a, 58b, 58c) under skaereoperati-
onen males i et omrade pa en opstrams side af kontrolpunktet, og, nar for-
skellen mellem den malte reaktionskraft og mal-reaktionskraftdataene ligger
uden for det indstillede omrade, aendres det korrigerede driftsforleb fra et
punkt, hvor reaktionskraften males, til kontrolpunktet, saledes at forskellen
falder inden for det indstillede omréde.

6. Udbeningsfremgangsmade til kad med knogle under anvendelse af en
rgntgenstréle (r) ifalge krav 3, hvorved

i det indledende trin, en reaktionskraft pafort pa skaereklingen (58a, 58b, 58¢)
under ikke-belastningsdrift méles pa forhand, og
ikke-belastnings-reaktionskraft-data gemmes,

hvilken udbeningsfremgangsméde endvidere omfatter:

et driftsstop-trin, hvor reaktionskraften pafgrt pa skaereklingen (58a, 58b,
58c) under skaereoperationen af skaereklingen (58a, 58b, 58c) og ikke-
belastnings-reaktionskraft-dataene sammenlignes, og, nar en forskel mellem
reaktionskraften og ikke-belastnings-reaktionskraft-dataene ligger uden for et
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indstillet omrade, at konstatere at skaereklingen (58a, 58b, 58¢) er beskadiget
med henblik p& at standse et driftsforlgb.

7. Udbeningsapparat (10) til ked med knogle under anvendelse af en rgnt-
genstrale (r), der omfatter en leddelt multiakse-arm (54a, 54b, 54c,) tilveje-
bragt med en skeereklinge (58a, 58b, 58c), der arbejder pa basis af et forud
fastlagt driftsforleb, og en indretning, der ophaenger og transporterer en
armdel (122) eller en lardel af en slagtekrop, og udfgrer en udbeningsproces
i en tilstand, hvor armdelen (122) eller l1ardelen er ophaengt,

kendetegnet ved, at apparatet (10) omfatter:

en rgntgenstrale-bestralingsenhed (30), der er anbragt pa en opstrems side
af den leddelte multiakse-arm (54a, 54b, 54c,) i en transportretning af armde-
len (122) eller lardelen og bestréler den opheengte armdel (122) eller den
opheengte lardel med rgntgenstraler (r);

en rgntgenstraleindgangsenhed, som rgntgenstralen (r) transmitteret gen-
nem armdelen (122) eller lardelen kommer ind i;

en billedanalyse-behandlingsenhed (40), der analyserer et transmitteret ront-
genbillede, der er kommet ind i rontgenindgangsenheden, til opnéelse af to-
dimensionel positionsinformation om et omrids af en knogle; og

en styreenhed (60), der styrer en operation af skaereklingen (58a, 58b, 58c¢),
hvilken styreenhed (60) omfatter:

en sammenligningsreferencepunkt-indstillingsenhed (64), der indstiller et
sammenligningsreferencepunkt (Ao, Bo, Co, Do, Eo, Fo, Go, Ho) pa omridset af
knoglen af armdelen (122) eller lardelen;

en lagerenhed (62), der lagrer tredimensionale positionskoordinater af et

mal-driftsforleb af skaereklingen (58a, 58b, 58¢) og todimensionale positions-
koordinater af sammenligningsreferencepunktet (Ao, Bo, Co, Do, Eo, Fo, Go,
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Ho) svarende til de tredimensionale positionskoordinater af mal-driftsforlebet;
09

en driftsforlgb-korrektionsenhed (66), der fastslar en positionel forskyd-
ningsmaengde mellem de todimensionale positionskoordinater af sammenlig-
ningsreferencepunktet (Ao, Bo, Co, Do, Eo, Fo, Go, Ho) svarende til mal-
driftsforlabet og todimensionale positionskoordinater af sammenligningsrefe-
rencepunktet (A, B, C, D, E, F, G, H) opnéet i billedanalyseprocesenheden
(40) til bestemmelse af et korrigeret driftsforlob opnaet ved at korrigere mal-
driftsforlabet svarende til den positionelle forskydningsmaengde, hvor

skaereklingen (58a, 58b, 58c¢) arbejder pa det korrigerede driftsforlob bestemt
i driftsforlgb-korrektionsenheden (66).

8. Udbeningsapparat (10) til ked med knogle ifalge krav 7, hvor

styreenheden (60) endvidere omfatter:

en ankelmalingsenhed (68), der bestemmer en ankelknoglediameter Wj
umiddelbart under en spaendeposition af ophaengnings- og transportindret-
ningen og en ankelknoglediameter W, umiddelbart over spaendepositionen
deraf fra de todimensionale positionskoordinater af omridset af knoglen op-
naet i billedanalyse-behandlingsenheden (40);

en arbejdslaengde-malingsenhed (70), der bestemmer en laengde L; fra
spaendepositionen til et led (6) og en leengde L, fra leddet (6) til en ende af et
condulus fra de todimensionale positionskoordinater af knoglen opnéet i bil-
ledanalyse-behandlingsenheden (40), nar ankelknoglediameteren W1 er stor-
re end ankelknoglediameteren W, i ankelmalingsenheden (68); og

en billedinformations-korrektionsenhed (72), der, nér et forhold mellem lzeng-
den L1 og leengden L, ligger uden for et normalomrade, aendrer forholdet
mellem leengderne til en normal veerdi for at korrigere den todimensionale
positionsinformation om knoglen opnaet i billedanalyse-behandlingsenheden
(40).
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9. Udbenings- (10) apparat til ked med knogle under anvendelse af en rgnt-
genstréle (r) ifelge krav 7, endvidere omfattende:

en reaktionskraft-malingsindretning, der maler en reaktionskraft pafort pa
skaereklingen (58a, 58b, 58c¢), hvor

lagerenheden (62) af styreenheden (60) lagrer mél-reaktionskraftdata opnaet
ved at male en reaktionskraft pafort pa skaereklingen (58a, 58b, 58c), nar
skaereklingen (58a, 58b, 58c) arbejder pa mal-driftsforlgbet, og

styreenheden (60) endvidere omfatter en driftsforlebs-gendringsenhed (74),
der, nar en forskel mellem en reaktionskraft malt med reaktionskraft-
malingsindretningen under en skeereoperation af skaereklingen (58a, 58b,
58c) og mal-reaktionskraftdataene ligger uden for et indstillet omréde, an-
drer driftsforlgbet af skaereklingen (58a, 58b, 58c), saledes at den maélte re-
aktionskraft falder inden for det indstillede omrade.

10. Udbeningsapparat (10) til ked med knogle under anvendelse af en rgnt-
genstrale (r) ifelge krav 9, hvor

styreenheden (60) indstiller et kontrolpunkt i en position, hvor der er en ten-
dens til, at der genereres en for stor belastning i skaereklingen (58a, 58b,
58c) pa driftsforlgbet af skaereklingen (58a, 58b, 58c),

reaktionskraft-malingsindretningen maler reaktionskraften pafort pa skeere-
klingen (58a, 58b, 58¢) under skaereoperationen i et omrade pa en opstrams
side af kontrolpunktet, og

nar forskellen mellem den malte reaktionskraft og mal-reaktionskraftdataene
ligger uden for det indstillede omrade, eendrer driftsforlgb-gendringsenheden
(74) det korrigerede driftsforlob fra et punkt, hvor reaktionskraften males, til
kontrolpunktet, saledes at forskellen falder inden for det indstillede omréde.
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11. Udbeningsapparat (10) til ked med knogle under anvendelse af en rgnt-
genstrale (r) ifelge krav 9, hvor

styreenheden (60) lagrer malingsdata pa en reaktionskraft pafert pa skaere-
klingedriftsforlobs-aendringsenheden under ikke-belastningsdrift i lagerenhe-
den (62), og endvidere omfatter en bestemmelsesenhed (76), der sammen-
ligner reaktionskraften pafort pa skaereklingen (58a, 58b, 58c) under skeere-
operationen af skeereklingen (58a, 58b, 58c) og de lagrede ikke-belastnings-
reaktionskraftdata, og, nar en forskel mellem reaktionskraften og de lagrede
ikke-belastnings-reaktionskraftdata ligger uden for et indstillet omrade, be-
stemmer, at skaereklingen (58a, 58b, 58c) er beskadiget til afgivelse af en
instruktion om driftsstop.



DKI/EP 2532246 T3
DRAWINGS

FIG. 1

12




LEFT/RIGHT TOTALLENGTH X-RAY ANKLE
DETERMINATION MEASUREMENT IRRADIATION CUTTING

14a

18
=>

MEAT MEAT MEAT
CUTTING CUTTING CUTTING KNEEPAN
M 2 (3) CUTTING
%O
Sz s
54 Sa

=> —=> —=> =

LOWER LEG LOWER LEG THIGH

BONE SEPARATION ~ BONE SEPARATION ~ BONE SEPARATION
M @)

29 12 29 12 12
22 3
=> => = 24
7 7

DKI/EP 2532246 T3



DKI/EP 2532246 T3

R L
w1 _
ﬁlr* TINA IONVHD l_ NN o) m
3SUNOD NOLLYHIHO NOLLYNIAMILIG m
TINA NOLDT9900 | LINA m
2L INIWIEASYIN -0y :
NOLLYINMHO-NI IOV | INSINTANS VI m
| [[TNANOIOIa800 | 1NN 08
9977 359N02 NOLYHAO | ANINFEINSYIN 89 “
IDINY ;
| IR ONILIS INIod TN m
%\(rozm%ﬁm NOSIIYINOD) I_ JOVNOLS m
% X R SR |
b A A g -
m Lo P L EREN LINM SS3004d
JG 1 096 L qes ! egg ! vm\/qzo_\@%mw_m_ sisaeny 30w 0¥
L opg bag IVS 466 BYS B y
i [l 1 "
ol 22 T T H
% og~] O qgg~] 95 egg ] S| i g :vwl
\ _. M~y ﬂ
0s | [osnEs aNTAvEX p-f--
og- 18— |
—y—— - r/| 4
0 { 8
_f 9z



DKI/EP 2532246 T3

669
¥e2
€eo
ze2
1€2
(A4
122
0zo
aLo
819
FAS
alo
610
ri2
€1
4%

[hi)



DKI/EP 2532246 T3

FIG. 5A U
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FIG. 5B
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FIG. 12A
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FIG. 12B
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FIG. 17A
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FIG. 23C
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FIG. 25A
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