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Summa ol
Waveletrcyoefﬁcients (WC’s) were used to capture colour information at increasing levels of resolution from a video image of do_mCS“_C ‘:;]jgc%'
carcasses. Individual wavelet components compressed the colour information from the carcass into a small subset of WC’s. The WC S; il
had the strongest linear relationship with beef yield, were combined in a multivariate calibration to predict the percentage retail _bet,l‘ 13
(RBY%). The multivariate calibration had an adj-R* of 40.3% and an RSD of 1.85 when predicting the RBY%. When cross vulldattpalch
adj-R* fell to 30.9% and the RSD increased to 2.29. The ‘best’ ' WC’s demonstrated that there was an advantage to go beyond the preseh

average, but there was little benefit to go beyond a 4x4 grid within a patch.

Introduction . )
The whole carcass video image analysis system (VIASCAN®) is used on-line in abattoirs to predict the meat yield of beet C(,rcﬂl”m
capturing lateral images, from which colour parameters and linear dimensions are measured (Ferguson ef al., 1995). The colour Pi‘r;la 355‘
provide a crude description of the fat coverage by assessing the average red, green and, blue (7,g,b) values within 8 patches over the  ne®
Since r, g and b parameters exist in a three-dimensional space and are highly correlated, a variety of statistical techniques such a;b,rguf“"'
networks and principal component analysis have been used to analyse the colour data for the prediction of saleable meat percentag® (. fql“cﬂbli
et al., 1995; Boggaard et al., 1996; Smith ef al., 1996). The Australian VIASCAN® system was able to predict the percentage of b; usit
meat within market categories with a standard error of estimate (SEE) between 0.98 and 1.76, and generally performed better 1hallcd 4
carcass weight and fat depth (Ferguson ef al., 1995; Smith ef al., 1996). Similarly, the Danish VIA system (SEE = 1.34) out pCrme

combination of subjective conformation and fat scores (SEE = 1.63) to predict the percentage of saleable meat (Boggaard et al., 1996)-

Although the patches traced by the VIASCAN® over the carcass are convenient from a carcass jointing perspective, they may not be 0 :
in number, size and/or location, thus compromising the prediction of retail beef yield percentage (RBY%). In contrast to the lﬂ ot
VIASCAN®, the Danish VIA system divides the carcass into 60 patches (Boggaard et al., 1996). A simple average of r, g and b pir‘: 100”
within a patch may discard information which could influence yield prediction. The statistical tool of wavelets (Nason and Sil"ermdl\;me|"{
is capable of capturing localised information at increasing levels of resolution within the patches. Furthermore, individu“l_ ) ol
components are orthogonal for each patch colour and compresses all the colour information from the patch into a small subset o \1C[i5'1]
coefficients (WC’s). Multivariate calibration can then be used to relate the significant WC’s to RBY%. This paper demonstrates @ e
application of the wavelet analysis for summarising video image data and the use of WC’s to predict RBY% in a multivariate model-

Material and Methods ‘
Left carcass sides from 98 pasture finished Bos faurus steers were imaged using VIASCAN® system within an hour of slm“.—’hwr: rglﬂi;
carcass weight and P8 fat depth of 205.7 + 24.6 kg and 7.0 + 3.0 mm respectively). The left carcass side was boned to sw‘?dal, rﬂpm
specifications (fat cover over each primal cut trimmed to 3mm). Manufacturing meat, was cored and fat content determined usi"® o 4l
microwave method (Anon. 1983). RBY% was defined as the total weight of trimmed boneless cuts, plus the weight of mamlfﬂc[“”nf) 0.
(adjusted to an 85% chemical lean), expressed as a percentage of recovered side weight. Mean RBY% for the 98 carcasses was 72.3 & ;111311,‘
Modifications to the VIASCAN® Software The lateral view of a carcass was originally segmented into 9 patches. Of these, 8 were noon e
assessed for colour, generating average r, g and b values for each patch. Based on previous analyses, 6 of these patches were select® ﬂtchf‘;
basis that they contained the most useful colour information to predict RBY%, according to their average 7, g and b. The selecte ’)purlll‘[
encompassed the anterior and posterior loin, rump, knuckle, shin and brisket regions. In this study, each of these 6 patches W€ ch
divided in to an 8x8 grid (64 sub-patches). All pixels in each sub-patch were averaged to give a mean r, g and b values for each sub-P? e
Statistical Methods Carcasses were randomly assigned to either a calibration or validation group and the data from the calibration £ (6 o
initially used to construct the model. The model was assessed by using it to predict the RBY% in the validation group. The major S(:niuld"’
error was due to the measurement of the colour parameters (denoted by {r,g,b}), whilst error in measuring RBY% was of smaller mae
Given this, calibration was best modeled using the following function :- ,r655i°”
{r.g.b} =g(RBY%) + error, where g(RBY%) was a regression function (see Brown, 1992, pp 23). Prediction was done by invers¢€ rc,‘f,/o t'rt"ﬁ
to find a single value of RBY% for a given response of {r,g,b}. When 2(RBY%) was a linear regression, the estimate of RB*’
observed VIA measurements, {r,g,b},, was given by the following equation A
RBY% = (BZ'BT)'BX ({r.g.b}o. - ) ne

where B were the regression coefficients, Y. was the variance-covariance matrix for B, and p was the mean of {r,g,b} estimated from_t
calibration data (see Brown, 1992, pp 88). Six patches were segmented by an 8x8 grid, leading to a potential multivariate respons¢ of ol
patches x 3 colours x 64 within patch measurements. The first step in reducing these data was to transform the measurement of each P4
colour by the wavelet transformation (Nason and Silverman, 1994). The data from each patch was represented mathematically by

ot

63 <<63
f=0+Zcy, = ¢+Zcy,
i=1 i=1
¢ - wavelet for the mean colour of the original patch
¢; - wavelet coefficient, capturing colour variation at resolutions that increased by powers of 2
\, - known wavelet bases
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,Teh;ailmge was reconstructed with a small subset of WC’s which were shgwn to contain the. most important colour information. The
S ling WC’s were les:.; yseful and assumed to represent ‘n01se’: Calcul‘atl.ons were do'ne usmg.the wavethresh packa‘gc of Nason and
e ™Man (] 9?4). The individual WC’s were expressions of the localised variation at resolutions that increased by powers of 2 thus, ¢ and c,,
e i“r'l;'summarlsed the colour data at low frequency wh_llst Cse-Cig summar.xsed high ffequency data. . ;
Wl hary plots of WC’s and RBY% revealed that snm.ple l.mear regression was sulyable, therefore a robust regression v‘vas 1lmcd fc?r egch
f rr p'afifmeter. The individual calibrations were combined in a multivariate callbratlf;)n, l.)ut.nfn all were necessary. .l"he best’ corpblnatlon
“icting RBY% was determined from a stepwise selection by adding and dropping individual regression equations. The choices were
on the adjusted coefficient of determination (adj-R?) and residual standard deviation (RSD). A colour parameter from the calibration

g . o o
& Y518 Was retained only if its presence reduced the error by more than %2005 for a random variable. WC’s were generated for the validation

®tand were used to predict RBY%.

Jid-

)'iC[C ?esults
Y ‘?]:na Ysis 1, the multivariate calibration incorporated the WC’s that described the average r,g or b (denoted by ¢) from the original
“ddinCA.N® patches. These were the average r and g from the loin patch and b from the rump patch. Analysis 2.augmented this analysis by
The 8 higher resolution WC’s for the g spectrum from the anterior loin patch (c,,), the rump patch (c ) anq the brlske% patch (cq)). . .
R, Alter analysis combined the ‘best’ low and high resolution WC’s (6 in total) in a multivariate calibration, perlCtl{lg RBY% with an adj-

wl R 03% and an RSD of 1.85. When the multivariate calibration was applied to the validation dataset, the adj-R? fell to 30.9% and the
:Sf{,. fry ”_ICreaSed to 2.29 (Table 1). The “best” WC’s not only captured localised colour variation from the simple patch average (¢), but also
e:é igher resolutions, a 2x2 grid (cq,,¢,;) and 4x4 grid (css).

and Discussion

ah . 1
o’ le1: Adjusted coefficients of determination (Adj-R?) and residual standard deviations (RSD) for the

st Multivariate calibration of the ‘best” wavelet coefficients to estimate the RBY%.

atf Nalysis Prediction parameters Calibration data Cross Validation data

sl AdiR’ RSD Ad-R? RSD

4] 0 36 2.86 313 277
5'Wcz | 0, CenCorsCss 403 1.85 30.9 229

v Which was equivalent to the average r,g or b of the original patch, c,,c4,c55 - higher resolution WC’s

Jiv ’

p ], f}?ethe higher resolution WC’s were disregarded and only the WC’g of the means r, g and b from the original patch were used ((b Analysis
) %Ura aCFUracy was substantially reduced, predicting the RBY% with an adj-R? of 23.6%.aqd a‘RSD of 2.86. When cross validated, ﬂ]e
i %”[ailcy lI'Tlprove slightly (adj-R’ = 31.3%, RSD = 2.77, Table 1). We concluded th.at variation in colours at the 4x4 and 2x2 resolution
hun- led Important information for the prediction of RBY% not contained in the simple patch average. The WC’s ¢,.c,, measured the
b [homal‘and vertical variation respectively about the patch average, when the patch was resolved into a 2x2 grid. The WC Css corresponded
Jighr Orizontal edges from the 4x4 resolution. The role of these WC’s are explained in Bruce and Gao (1996). Since the WC’s from the
ﬁrec[ equency added little to predictive accuracy, it would appear unnecessary to use a resolution higher than 4x4 grid, nevertheless there
by, r:r advantages which go beyond the present patch average.

Yag Suf?‘SS. fat mc‘reased, s.ubcutaneous fat over the rump was late maturing (Kerpp.ster 'et al., 1976). Howevg, our results showed that there
), o IClent difference in fat deposition within the rump patch to create variation in the g spectrum which was related to RBY%. The
Uiy N of the WC ¢, in the prediction model suggested that a 4x4 grid was necessary to capture the localised differences in the g spectrum
A Da[th € Tump patch that were related to changes in the RBY%. The WC c, captured localised differences in the £ spectrum over the brisket
4 Ty ly hOI‘izomally splitting the original patch, which would suggest there was a gradient of subcutaneous fat deposition from the caudal to
by dend, For the brisket patch, the horizontal split may have arisen from subcutaneous fat gradually encroaching over the pectoral muscles
WQ ¢ caudal end towards the cranial end of the brisket as carcass fatness increased. Vertically splitting the anterior loin patch enabled the
i“rg @10 isolate variation in the & spectrum that related to RBY%. It is likely that the subcutaneous depth over the loin diminished in a

“Ventral gradient, which corresponded to a shift in the g intensity.

A
)
i

ol t"n

WavcllusiOn
: J-UQa“zt dnalysis determined the level of resolution that was required to extract important colour information from lateral 1mages of a carcass.
: ‘*’Q‘s ®d differences in a colour were summarised by WC’s, which was used to predict RBY%. To capture localised colour variation using
| Uy twas necessary to divide patches into at least 2x2 grids, and on occasion 4x4 grids. Higher resolution WC’s were not necessary. The

A .’ﬁen limp and brisket regions demonstrated localised colour variation which was captured by the low resolution WC’s, which would have
Crlooked with simple averages.
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