The idea behind comparison analysis
using restructured near infrared and
constituent data (CARNACQ)

Anthony M.C. Davies
Norwich Near Infrared Consultancy, 75 Intwood Road, Cringleford, Norwich, NR4 6AA, UK

Introduction

The idea for “Comparison Analysis using Restructured Near infrared And Constituent data
(CARNAC)” was formulated in 1983. However it was only through the active participation of Profes-
sor Fred McClure that it could be demonstrated in 1986 at the IDRC at Chambersburg, USA and the FT
Conference in Vienna.'

The idea of CARNAC is that prediction of quantitative information can be derived from databases
containing near infrared (NIR) and analytical data rather than through some form of regression analy-
sis derived from that database. The realisation of CARNAC involves the combination of several ideas:
database compression, database modification and similarity analysis. Through these steps it is as-
sumed that a few samples, which are very similar to an unknown sample, can be found in a modified
database. Because the database has been modified to emphasise the spectral features of the analyte it is
assumed that the analyte value for the unknown sample can be estimated from the analytical values of
the selected samples.

Methods

Data compression

The original work on CARNAC' utilises compression by Fourier transformation.>” In the 1980s it
was assumed that data compression would be essential to obtain an analytical result in real time but be-
cause of the vast improvements in the speed of personal computers there is no absolute need for data
compression in 2001. The use of principal components (PCs) for the data compression step was dem-
onstrated at IDRC-2000.

Database modification

Unless the database is modified by some method that emphasises the analyte, selections of samples
would be identical for the same unknown sample for different analytes and all selections would be
dominated by the major analyte. The method used for most of our work used the coefficients generated
by running an stepwise multiple linear regression (SMLR) program for the analyte of interest. The da-
tabase and the unknown sample were multiplied by the regression coefficients as a means of
emphasising the analyte contribution to the spectrum. Other methods for modification of the database
that have been tested on CARNAC include multiplication of the database by the spectrum of the
analyte and the selection of principal components that were correlated to the analyte.
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Figure 1. The main CARNAC process. (a) The Sl values can be plotted against the value of the analyte for
that member of the database. (b) Most samples are not similar to the unknown and they can be elimi-
nated by drawing a horizontal line and (c) ignoring samples below it. (d) The result is calculated from a
weighted average of the analyte values of the remaining samples.

Prediction of unknown samples

The modified unknown sample was compared to each member of the modified database by calcu-
lating a “similarity index”" (SI). The SI is calculated from the correlation coefficient (r) between the
unknown sample and a member of the database The SI is calculated as:

SI=1/(1-

The few samples with very high similarity were then selected by using a minimum cut-off value
and eliminating samples identified as outliers. The predicted analyte value for the unknown sample

was calculated as the weighted average of the analyte values of the selected samples. This is shown di-
agrammatically in Figure 1.

The logic steps are shown in Figure 2 and 3.
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Figure 2. Logical steps for the first stage of CARNAC.
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Figure 3. Logical steps for the second stage of CARNAC.
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Figure 5. CARNAC results for chlorogenic acid and caffeine in coffee.

subset of samples which are similar to the spectrum of the unknown sample is selected from a com-
pressed database and a PLS model is then constructed for these samples and used to predict the un-
known sample. Thus, a new PLS calibration is determined for each unknown sample. In application,
LOCAL has been successfully applied using very large databases (< 6000 in one example) and with
several hundred samples being selected to form the PLS calibration set.*”

Tom Fearn is collaborating with me to produce a modernisation of the CARNAC idea. A recent is-
sue of NIR news contains a “Chemometric Space” article® by Tom, which discusses the background of
these methods.
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