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Background
The AutoFOM carcass grading system introduced in 1995 by SFK-Technology in Denmark.is an on-line grading system positionc‘d

directly on the slaughtering line. The system is based upon ultrasonic technology and is therefore a non destructive method providing
an overall evaluation of the carcass capable of measuring up to 1.250 carcasses per hour. The AutoFOM has a number of pmcliCﬂ]
advantages for the slaughtering industry compared to the current grading systems in being fully automatic, hygienic, fast and with no
mechanical moving parts (meaning low maintenance costs and high up-time performance). The most extensive advantage relative (@
current grading system, now dominated by the insertion probe approach, is the total measurement of the carcass, which is being
measured at 3.200 positions in three dimensions.

In this presentation the performance of the AutoFOM system for carcass grading using on line image analysis and multivariate datd
regression will be demonstrated in two tests, where the reference lean meat yields are obtained from manual cutting of the carcass.

AutoFOM Ultrasound System

The AutoFOM system consist of four main blocks: 1) a U-shaped frame with 16 ultrasound transducers, 2) an acquisition module.
3) a data processing unit and 4) a personal computer for presentation and logging of the data. The first three main blocks are shown it
figure 1. The frame consist of 16 ultrasound transducers covering the entire back of the carcass as illustrated in figure 2. All 16
transducers are sampled approximately 200 times along the length direction of the carcass for each sample 600 depth measurements
are made. The transducers uses the pulse-echo ultrasound technique. Each transducer transmits a pulse every 0.1 ms and then switches
to receiving mode and samples the received echoes with a sampling frequency of 5 MHz. The high intensities of the echoes occurs at
intersections between different tissues: e.g. between the intersection of fat and meat at the carcass. The intensity of the received
echoes as a function of time forms an A-scan, of which an example is shown in figure 3. The entire A-scans acquired of on¢
transducer gives a (wo dimensional image of the length direction of the carcass.
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Figure 1. The AutoFOM consist of a frame with 16 Figure 2. The frame with the 16 Figure 3. An A-scan is the intensity of the

transducers. an acquisition module and a workstation.  ultrasound transducers. echoes as a function of time

Figure 4. All A-scans performed by one uitrasound transducer are combined to an Figure 5. A horizontal averaging of the ultrasound images reduces the
image of the length direction of the carcass noise in the images. The right image has the fat profile overlaid
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slire displays such an image with the left part being shoulder and the right part being the ham of the carcass All 16 transducers
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YIS 3 (hree dimensional image sequence with a total of 16x200 = 3.200 measuring positions on the carcass and 600 measured
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Phs for each measuring point for the further data processing.

l];‘.l“‘ Analysis
l"'cldl'w _dil(;l processing consist of two steps: 1) The image analysis and feature extraction and 2) The data regression and reference
ICtion,
Jnmgc Processing
) Uhag historically been recognized that the minimum depth of the subcutancous fat is the most informative point on the carcass with
\:‘\DQ” to meat yield. Therefore the features extracted from the ultrasound images are concentrated on this region called the
‘[")lii'\licc. The ccnlmx_licc is found I‘r(.ml a fat p[_’oﬁ]c cxlﬂr;lc(_ion algorithm, \\]1i.ch.i.\ applied to all 16 length inmgcs. In ll.]C illustration
h"il’i}r\w 2 the centerslice \‘\'o.uld be slice 6 or ‘sllccA 11> The turlhc‘r data ‘unul'\'ms IS C('mc"enlruledAon the cenlcrfhce z_md II.N concur]‘crl\l
(P r‘(”'\ only due Fo tl‘w limited data processing nmc‘, Ngxl step in .thc image ug:ll)‘x‘ls is an _hm‘lzomul averaging of the images. T.In\
Ul‘,ln”ffhlccx thc'n(?m.e in the ull‘mxfmnd signal and hlghllghls the fat profile wnlthout_rcdu(‘,mg.lhc resolution in the c'icplh direction
i 'Cantly. This is illustrated in figure 5, where the top image shows a subregion of a centerimage and the bottom image shows a
M;Q:‘”TC fuhim»:'lgc after t'hc horizontal n\'erugi_ng. /\ comour_trucking_ulgorilhm is ;1pp]icd lo_.th uvcru_gcd images Ato detect (l»]c 1'.;1t and
lhe i”?“‘lll_c& l-lgurc 5 (right) shows a su'brcglon of a centerimage with the dct_cclcd fat pmflllcj 0\'01‘!;11‘(1‘ The vertical ()\-'.crl;ud line on
. 'Mage s the fat depth as measured with the Aloka scanner. A total of 127 features describing the fat- and meat profiles and some
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fican position at the shoulder are output from the image analysis.
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e ' data regression is performed using the partial least squares (PLS) rcgrc«i(m'A PLS is a linear multivariate data regression

”“';:1‘1&![”’& \\.hiqh p.cr'l'(nm.\ a (Iccomposifi('\n of the dll‘l‘.l I'C|leli\‘C o the most il?f”l'l]]llli\{’ (\\:ilh rc:\'pcct to the Y’Cfercnc‘cﬂ\_uluex) direction

27-dimensional feature space. This pretransformation of the data prior to extraction of the regression cocefficients makes the

’(‘IL‘ is much more stable to noise. All data processing is performed on-line at the slaughtering line on a UNIX workstation with a

“‘;‘t.I:[\i]]vg time of ;1ppm\im;11@l_\‘ ? <c‘co‘ndx. 'rlltls. lhf AutoFOM mcz_lx'uring pl'ir'wip]c makes it pQ.\\'thc ;1.[ a very early time in the
slering process to obtain grading information, which can be used for e.g. sorting the carcass before cutting.
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iy fesults presented here are from two tests n Denmark (300 carcasses) and Germany (73 carcasses). In all tests. the reference
¢ < ; S : 5 ] b,
liy I IS the total meat vield of the carcass as obtained from a manual cutting analysis of the carcass. In the German test. also the the
Ne " ; J : 0 i |, >
i 1Ckness as obtained with the manual serviced Aloka scanner is available as reference value. In all tests the performance of the
[§] ; . : ; A . : 5
1on maodels are validated using cross validation, and the errors obtained in these trials has later been proven to be realistic for
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ton conditions. The performance of the prediction is presented in table 1

| Germany Denmark
N R RMSEP R RMSEP
i F;IAEBI Yield 0.89 183% | 0.85 1.94%
‘};lckness 0.95  1.38mm

g Ihe result of AutoFON predictions of the cut tests in Germany and Denmark. Note that
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Man test also the fat thicknesses (measured w ith the Aloka scanner) exisl

he
a i A ol ie e . . < .
Iy Sults of the AutoFOM predictions are satisfying compared to existing grading equipment based on insertion probes. Manually
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lag : ! based arading equipment all performed with less accuracy than the results presented here. Furthermore. the fully automatic
ICat . s . : . - . E :

tion Center (KC) based on nine NIR insertion probes from the Danish Meat Research Inst.™ was compared to the AutolFOM

\ “”‘w”» . i : 50 . . , .
e ‘h”\lj test. The performance of the KC was \Ilgllll_\ better 1?1:1!1 the results oh(;-nncd on the images tmm the AutoFOM. This is
Wopeyy - fact that the KC measures the carcass after the cutting, where the reference values are obtained as opposed to the

M. which measures the whole carcass shortly after stunning. It is worth noting. that due to the new cutting regulations” all

, \\CI\”\U‘umcnl;ninn obtain higher meat §icld errors than obtained with Flw previous cutting wgnl;lli‘nnv !

“‘~11M|“l\‘k‘lml that the AutoFOM system including the software can be improved to reach a level similar to or better than the KC.
L & the unique possibility of the AutoFOM to grade the cuttings Finally. other advantages of the AutoFONM grading system in
oy, Ser, fegs expensive. less maintenance requesting. of low failure rate and requiring little space on the slaughtering line makes
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N potential grading standard in future carcass grading.
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