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Summary ,
Wavelet coefficients (WC’s) were used to capture colour information at increasing levels o f resolution from a video image of domestic ^- - - - - - - - - - - - - - - - - - - - - v "  w  w  v u p v m v  w i v u i  i i i i w i i i i c i i i w i i  a i  u i u t û M n g  i c v c i s  u i  i c s u i u L i u i i  i r o m  d v i a e o  i m a g e  o i
carcasses. Individual wavelet components compressed the colour information from the carcass into a small subset o f WC’s. The WC’S,------------------------------r ---------------iiv m i liiw vcii^aoo llliu  a  L ilian  5UUSCI Ul 5 . I lie  '

had the strongest linear relationship with beef yield, were combined in a multivariate calibration to predict the percentage retail beef y ,
(RBY%). The multivariate calibration had an adj-R2 of 40.3% and an RSD of 1.85 when predicting the RBY%. When cross vad id a teA*
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 pr 
average, but there was little benefit to go beyond a 4x4 grid within a patch.
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Introduction
The whole carcass video image analysis system (VIASCAN®) is used on-line in abattoirs to predict the meat yield of beef carca
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capturing lateral images, from which colour parameters and linear dimensions are measured (Ferguson et al., 1995). The colour pai1' ^  
provide a crude description of the fat coverage by assessing the average red, green and, blue (r,g,b) values within 8 patches over the caIY| 
Since r, g  and b parameters exist in a three-dimensional space and are highly correlated, a variety of statistical techniques such as ^ a
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networks and principal component analysis have been used to analyse the colour data for the prediction o f saleable meat percentage 
et al., 1995; Boggaard et al., 1996; Smith et al., 1996). The Australian VIASCAN® system was able to predict the percentage oi 
meat within market categories with a standard error of estimate (SEE) between 0.98 and 1.76, and generally performed better than “ 
carcass weight and fat depth (Ferguson et al., 1995; Smith et al., 1996). Similarly, the Danish VIA system (SEE = 1.34) out p e r io d  
combination o f subjective conformation and fat scores (SEE = 1.63) to predict the percentage of saleable meat (Boggaard et al., 1996)-

op»;Although the patches traced by the VIASCAN® over the carcass are convenient from a carcass jointing perspective, they may not be
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in number, size and/or location, thus compromising the prediction o f retail beef yield percentage (RBY%) In contrast to the -HU"' ft 
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VIASCAN , the Danish VIA system divides the carcass into 60 patches (Boggaard et al., 1996). A simple average of r, g  and o r "  ^  
within a patch may discard information which could influence yield prediction. The statistical tool o f wavelets (Nason and Silvern^11-^li 
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is capable of capturing localised information at increasing levels of resolution within the patches, i-uiureuuuie, lllu, v,v  
components are orthogonal for each patch colour and compresses all the colour information from the patch into a small subset o* • j£ 
coefficients (WC’s). Multivariate calibration can then be used to relate the significant WC’s to RBY%. This paper demonstrates a P1*  
application o f the wavelet analysis for summarising video image data and the use of WC’s to predict RBY% in a multivariate model-

Material and Methods 3,
Left carcass sides from 98 pasture finished Bos taurus steers were imaged using VIASCAN® system within an hour o f slaughter ,̂¡,¡1 
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 standara J  
specifications (fat cover over each primal cut trimmed to 3mm). Manufacturing meat, was cored and fat content determined using a j|i 
microwave method (Anon. 1983). RBY% was defined as the total weight o f trimmed boneless cuts, plus the weight o f m anufacW ^»/,. 
(adjusted to an 85% chemical lean), expressed as a percentage of recovered side weight. Mean RBY% for the 98 carcasses was 72-3 * ’"  r  ©---- ------.v*vv. .,vi6m. xnvaii ivu i /0 lui me carcasses was
Modifications to the VIASCAN® Software The lateral view of a carcass was originally segmented into 9 patches. Of these 8 were n°r
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assessed for colour, generating average r, g  and b values for each patch. Based on previous analyses, 6 o f these patches were s e l e c t '  „d 
basis that they contained the most useful colour information to predict RBY%, according to their average r, g  and b. The selected F% i 
encompassed the anterior and posterior loin, rump, knuckle, shin and brisket regions. In this study, each of these 6 patches weN tu 
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-Pa
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Statistical Methods Carcasses were randomly assigned to either a calibration or validation group and the data from the calibration
i n i t i a l l v  l icpr l  t n  OAn c t n i A t  T U a ~ ,4 1 ____ _________ j  i • ---------- . . .  .
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initially used to construct the model. The model was assessed by using it to predict the RBY% in the validation group The major ^ . J t  
error was due to the measurement of the colour parameters (denoted by {r.gb}), whilst error in measuring RBY% was of smaller ^  
Given this, calibration was best modeled using the following function ;-vuven uns, caiiorauon was Dest modeled using the following function :- ft

{r,g,b} = g(RBY%) + error, where g(RBY%) was a regression function (see Brown, 1992, pp 23). Prediction was done by inverse reéfÎft
t0u flnd !  ,S‘ng e ValUC ° f  RBY% f° r 3 g‘Ven resP°nse of ivg,b}. When g(RBY%) was a linear regression, the estimate of ^  ° 
observed VIA measurements, {r,g,b}0, was given by the following equation A

RBY% = ( p r 'p T)- 'p I  {{r.g,b}a. - p)
where [3 were the regression coefficients, £  was the variance-covariance matrix for P, and p was the mean o f {r,g,b} estimated fr°m ^  

calibration data (see Brown, 1992, pp 88). Six patches were segmented by an 8x8 grid, leading to a potential multivariate response o f6 
patches x 3 colours x 64 within patch measurements. The first step in reducing these data was to transform the measurement o f each Pa 
colour by the wavelet transformation (Nason and Silverman, 1994). The data from each patch was represented mathematically by
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<t> - wavelet for the mean colour of the original patch
ci - wavelet coefficient, capturing colour variation at resolutions that increased by powers of 2 
v|/| - known wavelet bases
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Hie'
'enjj^3®6 was reconstructed with a small subset o f WC’s which were shown to contain the most important colour information. The 
Silvftft WC’s were less useful and assumed to represent ‘noise’. Calculations were done using the wavethresh package of Nason and 
CM an ^ 994f  Ybe individual WC’s were expressions of the localised variation at resolutions that increased by powers of 2 thus, <j> and c6„ 
^ sum m arised  the colour data at low frequency whilst c ,,...c16 summarised high frequency data.
< nary Plots o f w c ’s and RBY% revealed that simple linear regression was suitable, therefore a robust regression was fitted for each 
Srecr^311161̂  The individual calibrations were combined in a multivariate calibration, but not all were necessary. The ‘best’ combination 
Wd o 1Ct̂ ng RBY°/o was determined from a stepwise selection by adding and dropping individual regression equations. The choices were 
<  the adjusted coefficient o f determination (adj-R2) and residual standard deviation (RSD). A colour parameter from the calibration
t̂aset W?  retained onIy if its presence reduced the error by more than z 22(005)for a random variable. WC’s were generated for the validation 

and were used to predict RB Y%.

It â tS and Discussion
thC muldvariate calibration incorporated the WC’s that described the average r,g or b (denoted by <)>) from the original 

,. patches. These were the average r and g from the loin patch and b from the rump patch. Analysis 2 augmented this analysis by 
^latt "er resolution WC’s for the g  spectrum from the anterior loin patch (c62), the rump patch (c55) and the brisket patch (c61).
 ̂of 4q*-!Qna^ S*S comb'ned the best’ low and high resolution WC’s (6 in total) in a multivariate calibration, predicting RBY% with an adj- 

iSfi ¡nU' % and an RSD of 1 -85. When the multivariate calibration was applied to the validation dataset, the adj-R2 fell to 30.9% and the 
0̂trthiCJ"ease<d t0 2-29 (Table 1). The “best” WC’s not only captured localised colour variation from the simple patch average (<|>), but also 

gher resolutions, a 2x2 grid (c62,c61) and 4x4 grid (c55).
‘'big t. a J-

• Adjusted coefficients o f determination (Adj-R2) and residual standard deviations (RSD) for the 
T ^ j nultivariate calibration of the ‘best’ wavelet coefficients to estimate the RBY%.

Prediction parameters Calibration data
Adj-R2

Cross Validation data
RSD Adj-R2 RSD

___________ c62>c6bc5s_________  40.3 1.85 30.9 2.29
Which was equivalent to the average r,g or b o f the original patch, c62,c6I,c55 - higher resolution WC’s

the a ^ 'gber res° lui'on WC s were disregarded and only the WC’s of the means r, g  and b from the original patch were used (<j>, Analysis 
V  CCUraCy Was substantia]1y reduced, predicting the RBY% with an adj-R2 of 23.6% and a RSD of 2.86. When cross validated, the 
pitied"T1'3r0Ve Slightly <ad-i-R2 = 3 Rd0/“’ RSD = 2.77, Table 1). We concluded that variation in colours at the 4x4 and 2x2 resolution 
% 0nj lmP°rtant information for the prediction of RBY% not contained in the simple patch average. The WC’s c6l,c62 measured the
He vertlcal variation respectively about the patch average, when the patch was resolved into a 2x2 grid. The WC c„ corresponded

nZ0ntal edee.S from  the 4 y 4  rpcnlntinn \ \ r r " n -----------i • 1 • T-»____  1 x-T ✓  , ™ ^ x  ^ . . _____
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'flier fre 3 edges from the 4x4 resolution. The role o f these WC’s are explained in Bruce and Gao (1996). Since the WC’s from the
te<:|«arflTenCy added llttle t0 predlctlve accuracy, it would appear unnecessary to use a resolution higher than 4x4 grid, nevertheless there 

advantages which go beyond the present patch average.
J* $UffH  fatt '" f teased’ subcutaneous fat over the rump was late maturing (Kempster et a l, 1976). However, our results showed that there 
\ i 0n uuierence in fat deposition within the rump patch to create variation in the g  spectrum which was related to RBY%. The 
'H e  n, " e WC Cs5 m the Predlction model suggested that a 4x4 grid was necessary to capture the localised differences in the g  spectrum 

S yr P PatCn , Were rdated t0 Changes in the RBY%- The WC C“ captured l0Calised differences in the g  spectrum over the brisket 
S i  end ¿ZOntu u SPllttlng the origlnal Patch’ wh‘ch would suggest there was a gradient o f subcutaneous fat deposition from the caudal to 
Hthe ca ”  the,bnsket patch’ thehonz°ntal split may have arisen from subcutaneous fat gradually encroaching over the pectoral muscles 
f ‘ .  cnd towards the cranial end of the brisket as carcass fatness increased. Vertically splitting the anterior loin patch enabled the

U ISO  a f p  v n r m t m n  ir> r, __1 _1 n n i r n /  t , • i*i . .
%  ; -------------------------------«  v « i w »  uiuras iuubbcu, V erucauy spnning me anterior lorn patch enabled the
> -vJ  I “ 131'0," m ^  8  spectrum that related t0 RBY%- It is likely that the subcutaneous depth over the loin diminished in a 

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

f t “ ”
Hi;i:C ! SIS determined the level of resolution that was required to extract important colour information from lateral images of a carcass 
lH, it f t  erCnCeS m 3 C° l0Ur Were sunlmarised by WC’s, which was used to predict RBY%. To capture localised colour variation using 
H  3S f t " 63®30' t0 dlVlde patches mt0 at Ieast 2x2 grids, and on occasion 4x4 grids. Higher resolution WC’s were not necessary. The 
^  Over I , bnsket regions demonstrated localised colour variation which was captured by the low resolution WC’s, which would have 

‘looked with simple averages.
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