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Virtual products can be used for optimisation

Data from (T scanned pigs are a reliable source for yield models and production planning.

3D images from (T scanning provide more information about the pig
than traditional methods of dissecting with a knife. The engineer
challenges the slaughterhouse worker. Known technology used in a
new way provides data, allowing the slaughterhouse to plan with
larger flexibility than traditional methods. With this, the slaughter-
houses obtain a unique basis for utilising the carcasses in the best

possible way.

By Eli V. Olsen,
Niels C. Kjaersgaard
and Marchen Hviid

ew tools obtain optimal
Nknowledge as a basis for

optimal production. 3D-
images of carcasses provide de-
tailed knowledge of the carcasses
to the slaughterhouses. This
knowledge can be utilised to de-
termine reference data for pro-
duction plans and to simulate the
value of an entire week’s produc-
tion as decision support for
strategic considerations such as
the consequence of slaughtering
entire males.

(Classification and value

The purpose of objective
classification of pigs for slaugh-
ter within the EU is to obtain a
common basis for estimating the
value of the carcasses expressed
as the weight and the percentage

of lean meat (LMP) in the carcass
(Commission Regulation (EC)
NO 1249/2008). It is up to each
slaughterhouse to wuse the
measurement for settlement
with the farmer, and it is also up
to each slaughterhouse to take
the value. Value reflects the sup-
ply and demand for quality prod-
ucts (MARCOUX et al., 2007;
BRANSCHEID et al., 2011). In this
context quality is primarily the
absence of fat, which is why lean
products have the highest mar-
ket value. However, there are re-
gional exceptions, as the produc-
tion of salted, dried hams re-
quires hams with a suitably
thickness of subcutaneous fat.

Through the years, settlement
according to value has resulted in
a considerable quality improve-
ment of the pig populations, an
example from Denmark can be
seen in Figure 1.

The fat thickness above the
muscle of the back is the most
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Fig. 1: Average lean meat % (LMP), in the Danish pig population 1978 - 2010.

important indirect measurement
for the meat content of the entire
carcass, as there is a natural
relation between the meat con-
tent and the fat thickness. By
paying more money to pig pro-
ducers that deliver lean pigs, the
slaughterhouse has succeeded in
motivating the producers to
change the feeding and purchase
breeding animals from breeding
companies focussing on lean pig
types.

A range of different measure-
ment equipment can be used for
classification. A common factor
for all equipment is that they

measure the meat content indi-
rectly. This means that all equip-
ment must be calibrated. A cali-
bration describes the relation be-
tween indirect online
measurements and a reference,
and is determined by data from a
representative sampling of car-
casses. The lean meat percentage
determined by dissection is the
standard reference within the EU
(Commission Regulation (EC)
NO 1249/2008). Since 2008 it
has become possible to perform
the dissection by means of CT
scanning (Commission Regula-
tion (EC) NO 1249/2008;
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Fig. 2: Preparation of the carcass before scanning

CAUSEUR et al., 2000-2004).

The model slaughterhouse
Saerimner

CT scanning of entire carcass-
es provides completely new pos-
sibilities for extracting informa-
tion from the carcasses e.g. the
thickness of the subcutaneous
fat, the position of the bones and
the meat content in the cuts. The
applications are illustrated by a
model slaughterhouse, an imagi-
nary slaughterhouse, in which
actual CT data have been used to
determine yield models and the
value of the pig population.

As CT scanned carcasses,
model pigs, can be used several
times, we have called the model
slaughterhouse “Saerimner”. In
the Nordic mythology Saerim-
ner is the name of a pig that the
kitchen in Valhalla, the home of
the gods, could prepare for the
gods one day, and the next day
the pig was complete again.

Pigs for Saerimner must be
used for the product assortment
for which they are best suited

and which are demanded. This
requires a production plan con-
sidering quality and price as well
as limitations from measuring
accuracy, sale and capacity.

Virtual product weights

The slaughterhouse possesses
data from sampling of 400 car-
casses (the same breeding
material). Data consist of online
classification measurements and
CT scans of the entire carcasses
except head and forefoot. These
data have been used to calibrate
the online classification equip-
ment used to measure the lean
meat % (the EU reference)
(Commission Regulation (EC)
NO 1249/2008). Below is
described how data can also be
used to determine reference data
for models to predict product
yield and quality.

Before CT scanning, the head
and the forefoot of the carcass
have been cut off. The tenderloin
and the jowl have been cut out
and placed at the carcass on a

pillow filled with air (Fig. 2). The

Fig. 4: (T scan of a carcass shown in a topogram.
1: Top of aitch bone; 2: Top of 1. neck joint
3: Ham point; 4: Fore knuckle.

pillow filled with air cannot be
seen in the scanned images, thus
the tenderloin and jowl are easy
to identify automatically at the
scanned images (Fig. 3). CT scans
consist of cross section images
for each 10 mm in the longitudi-
nal direction of the carcass. The
images can be combined into a
3D-image of the carcass. In this
way, a cross section image can be
formed in the longitudinal direc-
tion of the carcass, a topogram as
shown in Figure 4. By means of
automatic image analysis (ER-
BOU, 2008; VESTER-CHRISTEN-
SEN, 2008) the dividing lines are
identified between ham, middle
piece and fore end, indicated by
the yellow and the red line in
figure 4.

The dividinglines are based on
the position of 6 anatomical
landmarks. 4 points are used to
align the carcass and to identify
the primal cut position, and the
remaining two points at Tibia
and head of Tuber Calsis are used
to cut off the hind foot in the
joint.

This definition corresponds to
the Ess Food cuts 1301, 1401
(1601+1801) and 1501 (Ess-Food
Product Catalogue).

The three tissue types, meat,
fat and bone are separated in the
CT images. The CT images, e.g.
Figure 3, represent a slice of the
carcass with a thickness of
10 mm. In this way each pixel in
the image can be regarded as
three-dimensional voxels
(volume pixels). The number of
voxels corresponding to a given
tissue type is a measurement for
volume. In combination with the
density, D, the weight can be
determined and the total, virtual

Fig. 3: The tenderloin “floats” in the
(T scanned image

weight is given by:

[1] Vlrtual WEIght = Dimeat X Vimeat
+ Dt t X Viae + Dbone X Vibone

The grouping into only three
tissue types, meat, fat and bone,
may seem too simple, however, it
corresponds to the traditional
apprehension of how a carcass
can be dissected, and it is the pro-
cedure approved for virtual dis-
section. The voxel solution used
(1x1x10 mm?) is considered to
be an acceptable compromise
between precision and cost. The
weight of half a carcass can be
determined with a precision of
approx. 100 g (VESTER-CHRIST-
ENSEN et al., 2009).

The procedure mentioned
above is part of a software
module, PigClassWeb. As a start-
ing point, the dividing lines be-
tween the cuts are determined as
described above. The user can ad-
just the dividing lines enlarging
or reducing the middle piece. The
cutting instruction is automati-
cally transferred to all model pigs
in the database, and the average
weight distribution is shown at
the screen, while all details are
entered into a data file. (Fig. 5).

Cuts and products from the
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Fig. 5: The Software module PigClasWeb. The user can adjust the dividing lines,
and the cutting instruction is automatically transferred to all model pigs. A data
file is formed containing weights and yields for each model pig.
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Fig. 6: Virtual cutting of products from the middle piece. The width of the back and the thickness of the fat layer are
determined by the user and transferred automatically to all model pigs. A data file containing detailed information on

weights and yields is created.

carcasses  differ  between
countries. In Saerimner the
middle pieces are divided length-
wise parallel to the vertebrae.
The corresponding virtual cut-
ting can be performed by the
software module BackBatch. The
user can determine the distance
of the dividing line from the
splitting line as well as the thick-
ness of the subcutaneous fat. In
this way, different product as-
sortments can be produced. If the
distance from the splitting line is
chosen to be 20 cm and the fat
thickness to the maximum (no
cutting of rind or fat), back bacon
with fat appears, the cor-
responding belly without bones,
and the undercut ribs divided
into two parts (spare ribs) and
the “string of pearls” . Figure 6
shows an example of this virtual
cutting.

However, if a dividing line is
used corresponding to the
muscle width and a fat thickness
of 2mm, a back muscle is
obtained with 2 mm fat layer,
belly without bones also with a
fat layer of 2 mm, the same bone
products as before, together with
the cut off fat. For each
adjustment/virtual cut, a data
file is created with detailed
results for each model pig.

Saerimner produces two dif-
ferent ham products, entire
hams and ham muscles including
by-products.  The  product

weights of the two ham products
are estimated in the detailed re-
sults from the tripartition with
PigClassWeb.

Yield models -
product calibrations

The weights of the cut out
products — determined by the
CT-scanning — are related to
online measurements by classi-
fication equipment. That means
relations like:

[2] Product weight = constanto +
constant: x lean meat% +
constant: x slaughter weight

Then the expected product
weights can be calculated for all
carcasses for which lean meat%
and slaughter weight have been
measured.

Special calibration of
classification equipment with
separate reference data

In some cases, a more detailed
description can be obtained by

Fig. 7: (T image of a cross section of the middle piece

calibrating the classification
equipment  against  specific
quality measurements

(HANSEN, 2009). Below two ex-
amples can be found.

The distribution of fat and
meat in the middle piece is
difficult to quantify. However,
by means of CT images, as
shown in figure 7, a trained
quality employee can grade each
middle piece as a reference for
the bacon quality.

Similarly,  specific  sub-
cutaneous fat thicknesses can be
measured at the CT image and a
quality reference can be deter-
mined for the ham, e.g. the thick-
ness of the subcutaneous fat in
an anatomically determined po-
sition (Fig. 8).

Calculated population value

Saerimner’s product assort-
ment is shown in table 1. In this
context, a range of products is a
combination of the fore end,
middle piece and ham products
(including by-products), such as
F2, M2, S3. For
some of the
products there
are quality re-
quirements.
One of the
quality  re-
quirements
concerns max-
imum fat

thickness and product weight,
another requirement is the suit-
ability of the middle piece for
bacon production, which de-
pends on the fat distribution. In
table 1, only the main product
for each utilisation is men-
tioned, but the utilisation also
includes by-products. The price
stated is the average price for the
entire part, and the price is stated
as relative kg prices (units of val-
ue). The possible sales intervals
are stated with a minimum and a
maximum sale. For the products
M1, M2 and S1 there will
furthermore be a price deduc-
tion, if the quality requirements
are not met. The deduction in
price covers the expenses of
further manual handling to ap-
proach the demands, smaller
yield (more by-products) and
possible a lower price as a con-
sequence of not meeting the
quality requirements.

Consider a carcass, for which
the lean meat% is measured to
58 and the slaughter weight is
90 kg. The thickness of the fat
above the muscle of the back is
measured as 14 mm and the
bacon quality is predicted to be
quality 3. In principle, the
carcass can be used for all combi-
nations of products, but the qual-
ity requirements mean that
some of the utilisations are not
optimal. Consider e.g. the
utilisation of M1, which is an
entire middle piece that has to
weigh less than 13 kg.

The expected weight of the
middle piece is calculated with a
formula of type [2], e.g.:

[3] Weight of the middle piece =
195 — 0.08 x lean meat% +
0.20 x slaughter weight

(RMSE = 600 g; R* = 0.85)

When the measured lean
meat% = 58 and slaughter
weight = 90 kg is inserted into
the formula, the weight of the
product is expected to be 15.3 kg.
Thus, the utilisation of M1 is not
optimal as the weight s too high.

The quality of an entire ham
(S1) depends on the thickness of
the subcutaneous fat. The ex-
pected thickness is calculated by
means of the measured thickness
above the muscle of the back, e.g.



Fig. 8: (T image of a cross section of a ham indicating
measurement spots

[4] Fat thickness of the ham =
—5.3 + 1.34 x fat thickness above
the muscle of the back

(RMSE = 2,6 mm, R? = 0.61)

When the measured fat thick-
ness above the muscle of the back
— which is 14 mm - is inserted
into the formula, the expected fat
thickness above the ham is
13 mm.

The weight of the ham is pre-
dicted to 13 kg with the formula:

[5] Weight of ham = -31 +
0.06 x lean meat % +
0.14 x slaughter weight
(RMSE = 360 g, R* = 0.88)

The value of the carcass for
assortment F1, M1, S1 is

[6] Valuerwisi = 2 x (9.9 kg fore
end x 70 +15.3 kg middle piece x
(110-Ri) + 13kg hamx
(100 - R2)

Ri and R: indicate the cost of
production, when the applied
carcass is not optimal for this
purpose. Riand Rz are both 10 for
the carcass in question, and a val-

ue of 6786 value
units is obtained
for the carcass.

For the alterna-
tive F1, M2_qual-
ity2, S3 the value
is:

[7] Valuermss: = 2
x (99kg fore
end x 70 + 15.3 kg
middle piece x
(105-0) + 13 kg
ham x (95 - 0))

The value of the carcass by this
utilisation is 7069 value units.

Optimisation and
optimal utilisation

The calculations are used for
the production of an entire week.
The value of the population for
the week can be used as decision
support for the production
management, e.g. to compare the
value of different strategies for
sorting/utilisation ~ of  the
carcasses.

Saerimner will apply each
carcass for the product assort-
ment that provides the largest
value of the total production of
the week. To control the util-
isation of the carcasses towards
this aim, the slaughterhouse
uses sorting. Data from produc-
tion from only one day or a
week quickly becomes compre-
hensive, and the planning of the
optimal utilisation becomes
difficult to assess. But the opti-
misation problem can be ex-

slaughter weight (kg|

)
60-61 62-63 64-65 66-67 68-69 70-71 7273 74-75 76-77 78-79 80-81 82-83 84-85 86-87 88-89 90-91 92-93 94.95

Lean Meat Percentage (%)

Source: KIAERSGAARD et al.

Fig. 9: Sorting plan for Saerimner

pressed as a mathematical mod-
el that can be solved with com-
mercial software as e.g. GAMS
(General Algebraic Modeling
System) . Examples of this can
be found in KJARSGAARD
(2008) and KOLDBORG JENSEN
and KJZRSGAARD (2010).

The utilisation of each carcass
is limited to sales and demand,
thus decisions will be made for
the individual part that is not
optimal for the carcass viewed
separately, but is optimal for the
total production. Table 2 shows
the result of an optimal solution
for 10 pigs from the total pro-
duction. The optimal use of the
parts is marked in bold. Please
notice that the optimal fore end
product for carcass 4 is F2 (value:
1290), even though a lower price
is obtained than by producing F1
(value: 1505). The reason for this
are the sales demands, demand-
ing that at least 30% of the fore

Saerimner's product assortment is practical oriented

Tab. 1: The slaughterhouse Saerimner's products assortments with matching quality demands, expected sale

and price
Products
Fore end F1
F2 Entire
Middle piece M1 Entire
M2 Bacon cuts
M3
M4 Entire
Ham S1 Entire
S2 Entire

Deboned back & belly!

Quality demands

Deboned and derinded! -

Weight < 13 kg
Quality 1
Quality 2
Quality 3
Quality > 3

< 15 mm fat, < 10 kg

S3 Deboned and derinded! -

= Muscles and by-products

Source: KIAERSGAARD et al.

Sale % Price per kg
(unit of value)
30-70 70

30-70 60
10-15 110
115
105
30-60 100
90
15-40 95
10-50 90
40-60 100
15-40 90
15-40 95
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ends should be used for pro-
duction of F2. By producing F2
from carcass 4 the “loss” is
smaller (value: 1505-1290 =
225) than by using e.g. carcass 1
(value: 1762 — 1510 = 252).

Saerimner is capable of hand-
ling 7 sorting groups defined by
means of classification data,
which are the measured lean
meat% and weight. In figure 9,
the 7 groups are shown in colour.
Most carcasses possess classifica-
tion data within the marked
ellipse. The dark purple and dark
green areas define the main
utilisations. The most heavy and
fat carcasses are best suited for
the product assortments marked
turquoise and yellow, while the
light and lean carcasses are best
suited for the range marked pale
green.

Potential

Saerimner have strategic con-
siderations concerning sorting
and with that the dimensioning
of the chilling room and logistics:
Will it be advantageous to in-
troduce more sorting groups? As
basis for decisions, a simulation
is used of the production of the
slaughterhouse. The simulation
is based on model pigs, where
each model pig is assumed to re-
presentanumber of almost iden-
tical pigs. The data base with 400
model pigs thereby can simulate
a week’s production of e.g. 6,000
pigs. The model pigs can be cut
into all product assortments
shown in table 1, and the “true”
value of each cut can be
calculated.
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Fig. 10: Relation between virtual and actual (reference) cut of ham

The potential is defined as the
difference in value of the 6,000
simulated pigs with two differ-
ent production plans:

B No sorting, meaning that
the carcasses are used in the
order they are slaughtered
and the same amount is
produced of each product.

B Optimal utilisation, mean-
ing that it is assumed that
the slaughterhouse has
complete information on the
quality and value of the
carcasses and can use them
without logistic, capacity or
sales limitations.

In the model example, the
potential is estimated to be
7.2%. In practice there are a
number of limitations, which is
why the value of using the pop-
ulation optimally, given these
premises, will possess a value
that is between the two produc-
tion plans mentioned above. In

the current example of 7 sort-
ing groups and limitations as
mentioned in table 1, the maxi-
mum production value is 3%
lower than the potential value
with optimal utilisation. Fur-
thermore, it has  been
calculated that the value of in-
creasing the number of sorting
groups from the chosen 7 is less
than 0.15%. It is possible to
make more optimisation mod-
els that can simulate the effect
of different decisions, e.g. other
market prices or changes in the
population (KJZERSGAARD,
2008).

Discussion

Reliability of measurements —
virtual cuts

The credibility of the calcula-
tions depends on the precision of
each factor. In a representative
sampling of approx. 60 Danish

wm [0)] -~ o

Reference weight (kg)
o

w

3 4 5

6 7 8

Virtual weight (kg)

Source: KJAERSGAARD et al.
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Fig. 11: Relation between virtual and actual (reference) cut of belly without

bones

pigs, the virtual product yields
have been compared with the
result of actual cutting yields.
Figure 10 and 11 show two exam-
ples of comparison of virtual and
actual product weight for entire
ham and belly without bones. In
both cases, the correlation ex-
ceeds 0.9. But the weight of the
ham is predicted with a standard
deviation of 21g, while the
weight of the belly is predicted
with a standard deviation 0of 50 g.

The deviation in precision is
caused by the ham cut being
much easier to define than the
belly, both for the model pig and
in practice. The uncertainty can
therefore be ascribed to both the
reference weight and the virtual
weight.

Reliability of measurements —
calculation of expected yield

The most important un-
certainty points are related to the

Saerimner obtains the knowledge for optimal production

Tab. 2: Examples of calculated product value (index figures) of 10 carcasses used for all product assortments.
Utilisations that provide an optimal weekly production are marked in bold.

Fore end
F1 F2
Carcass 1 1762 1510
Carcass 2 1633 1400
Carcass 3 1694 1452
Carcass 4 1505 1290
Carcass 5 1701 1458
Carcass 6 1538 1319
Carcass 7 1723 1477
Carcass 8 1476 1266
Carcass 9 1492 1279
Carcass 10 1488 1275

Source: KIAERSGAARD et al.

Middles piece Ham
M1 M2 M3 M4 S1 S2 S3
3339 3005 3172 3005 2327 2327 2456
2857 3000 2714 2571 2227 2227 2351
2858 2598 2468 2338 2213 2213 2336
2727 2727 2591 2454 2147 2147 2266
2640 2520 2280 2160 1991 1792 1891
2816 2957 2675 2534 2107 2107 2224
2752 2752 2615 2477 2293 2293 2421
2701 2836 2566 2431 2037 2037 2150
2936 2642 2789 2642 2012 2012 2124
2626 2387 2268 2148 2141 1927 2034
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precision of the classification,
and the relation between the clas-
sification and product yield. The
weight of hams can be predicted
by means of lean meat % (LMP)
and slaughter weight with a pre-
diction standard deviation =
360 g, while the middle piece can
be predicted with a prediction
standard deviation = 600 g.

Reliability of measurements —
online measurement

The weakest linkis clearly the
limited information of the
carcass, obtainable by known
classification equipment. The
formal demands to measure-
ment precision that are made in
the EU regulations (Commis-
sion Regulation (EC) NO 1249/
2008) are that the meat content
must be determined with a pre-
diction error of less than 2.5 lean
meat % units. If the population
deviation is in the order of 3.5
lean meat % units, as in e.g.
Denmark, then the ratio
between the population varia-
tion and the prediction error
(“signal to noise ratio”) be-
comes very poor (NISSEN et al.,
2006).

Reliability of prices
and market demands

The value calculations depend
on the accuracy of the prices and
on the sales intervals for the dif-
ferent uses of the parts being
realistic. In the calculations,
weighted historical prices or
expected prices can be chosen. In
the same way, the price



deductions as a consequence of
lacking fulfilment of the quality
will influence the calculations.

Reliability of simulation — potential

The estimate of the potential
of detailed knowledge to the in-
dividual carcasses is based on a
simulated weekly production de-
termined by a sampling of model
pigs. Naturally, the quality of the
simulation depends on whether
the sampling represents the
actual weekly production re-
garding size, fattening degree,
carcass composition etc. The pre-
sent experience shows that a
random sampling of 400 — 500
model pigs is sufficient to
simulate a homogeneous pig
population.

Strategic considerations

By means of a representative
sampling of CT scanned carcass-
es — model pigs — an entire daily
or weekly production can be
simulated. The simulations can
be used to analyse the size of the
unutilised potential in an actual
production with a number of
necessary limitations.  Sub-
sequently, requirements can be
made to e.g. the precision and
measurement quality of the clas-
sification equipment in relation
to the costs. An example can be
found in Kj£RSGAARD (2008), in
which the consequences of a gen-
eral change in slaughter weight,
logistic limitations in the pro-
duction, e.g. limited capacity in
the chilling room, and the com-
plexity of the production plans
are calculated. In the example
shown above, the maximum po-
tential at optimal production is
estimated to be 7.2%. Further-
more, it can be calculated that the
value of increasing the number
of sorting groups from the cho-
sen 7 is less than 0.15%, while a
reduction to e.g. 4 sorting groups
will reduce the value by 0.85%.

Recently, the model pigs have
been used to examine the differ-
ence in yield between entire
males and castrates. The fore

ends of the entire males are sig-
nificantly larger than the
castrates and the backs smaller
(KJAERSGAARD and HvIID, 2012).
This problem is most interesting
as the EU as well as a number of
countries is working towards a
termination of surgical castra-
tion of entire males. In this con-
nection the data base was ex-
tended by 50 model entire males.

Conclusion

All slaughterhouses need to
plan the production and sort
carcasses so they can be used
most efficiently, a task which is
very comprehensive in large
production units. The result
depends on the quality of the
available data. This article
shows that virtual products,
produced by data from CT
scanned pigs, are an efficient
method to obtain reference data
for yield models and production
planning, and as input to sim-
ulations and as decision support
for strategic considerations like
the introduction of more sort-
ing standards.

Optimal  utilisation  of
complete information on all
carcasses in a homogeneous pig
population is estimated to have
a value approx. 7% larger than
the value of a production, in
which the knowledge of the car-
casses is not used. The value of a
concrete production depends on
the homogeneity and produc-
tion limits of the pig population,
including price and market
conditions. A data base with
representative model pigs has
furthermore been used to show
that entire males have
significantly larger fore ends
and smaller backs than cas-
trates.
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