
SPECTROSCOPYEUROPE 15

TONY DAVIES COLUMN

www.spectroscopyeurope.com

 VOL. 26 NO. 6 (2014)

The last furlong (6). The 
finishing line is in sight!
A.M.C. Davies
Norwich Near Infrared Consultancy, 10 Aspen Way, Cringleford, Norwich NR4 6UA, UK. E-mail: td@nnirc.co.uk

Introduction
Yes, this really is the last TD Column by 
me [but the other TD (Antony N.) will be 
continuing]!

I did think about recounting the story 
of the birth of the TD Column but instead 
I am going to concentrate on another 
story which started some years before 
the column and is still not completed. I 
vaguely introduced it in the last column:1 
quantitative analysis from NIR data using 
the CARNAC procedure. The story really 
starts a long, long time ago; around 
3500 years. At this time my Neolithic/
Celtic ancestors helped to construct what 
is believed (by some) to be a gigantic 
lunar observatory at what is now Carnac, 
Brittany, France. It has been demon-
strated that the stone structures could be 
used to follow and predict the motion of 
the moon. One of the striking features 
of the area is the “alignments” at Carnac, 
which are 12 rows of large stones that 
extend for five kilometres. These might 
have been used to extrapolate observa-

tions of the moon during periods when 
unfavourable weather prevented direct 
observations. I learned of Carnac from 
a New Scientist article in 19722 shortly 
before holidaying in that area and seeing 
them for real; an experience I have never 
forgotten.

CARNAC
I began working in NIR spectroscopy in 
1980 at the Institute of Food Research 
(IFR) in Norwich, UK. One of the data 
sets for which I had been asked to make 
a calibration was proving very difficult. 
When one of the analytes was plotted 
against another, the plot contained clus-
ters of samples with quite large gaps with 
no samples. In 1983 I attended a confer-
ence in Aberdeen, UK, and during the 
eight-hour train journey back to Norwich 
I had time to think if I had learned 
anything that would help solve the prob-
lem. I have no idea why, but I suddenly 
saw the data clusters as stones in the 
Carnac alignments and thought that if I 

could assign an unknown sample to the 
correct cluster (or stone) then I would 
be able to assign the analytical values 
associated with that stone (or cluster) to 
the unknown sample. So rather than try 
to form calibration models, the alterna-
tive problem was to search a database 
of analysed samples to find very simi-
lar samples so that their analyte values 
could be assigned to the unknown 
sample. We had begun work on writ-
ing programs to make the required 
calculations before I realised that there 
was a serious problem. Spectra would 
be dominated by the major ingredi-
ent (or more accurately specified as the 
major absorber) and so it could only be 
expected to provide useful results for this 
single analyte. However, the proposal 
was saved by the additional idea that 
we needed to emphasise the absorp-
tions of the intended analyte. We would 
thus need to reconstruct the database by 
multiplying each spectrum by a modifi-
cation vector which would be different 

Figure 1. CARNAC in operation—raw spectra to predictions; database of 567 raw spectra gives results on 140 test spectra in less than 5 s!
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for each analyte. The first method for 
determining this modification vector was 
the weights obtained from a traditional 
multiple linear regression (MLR) regres-
sion which has been used in most of the 
reported work, but other sources (princi-
pal component analysis and pure spectra 
of the analyte) have also worked.

In the initial development period 
(1983–1987) computers were slow 
and very limited, so an additional prob-
lem would have been that spectral 
databases (700 variables in a spec-
trum) would have been much too large 
for the available computers. However, 
I had met Professor Fred McClure 
(who worked at North Carolina State 
University, USA) at the first International 
Diffuse Reflectance Conference in 1982 
and we were collaborating on applica-
tions of his idea to compress spectral 
data by Fourier Transformation (FT). 
So this was not a problem for us and 
we used the first 50 a and b coeffi-
cients from FT to replace 700 (or more) 
wavelength variables. Fred had shared 
his suite of FORTRAN programs for 
NIR analysis and so the first version of 
CARNAC was a modified version of one 
of these programs. Fred also had a data-
base of coffee spectra with analytical 
values for chlorogenic acid and caffeine 
and I choose to start with caffeine 
because this is a minor constituent of 
coffee (1–4%). While working in Fred’s 
lab in Raleigh, NC, USA, in 1985 we 
achieved the first successful run of the 
program on 4th July. There were many 

fireworks later in the day (did the news 
get out?)!

After this initial success, we worked 
on a few more databases, I talked about 
CARNAC at the 1986 Chambersburg 
Conference and we presented a poster 
at the FT conference in Vienna which 
became the first publication.3 In 1987 
I was made redundant by IFR and 
joined Oxford Analytical Instruments 
where there was little time to spend on 
academic research and in July 1989 I 
became an independent consultant with 
even less time for research. That was 
almost the end of the CARNAC develop-
ment.

CARNAC was saved by Fred McClure 
in 1997 when he told me that John 
Shenk had developed a new method 
(LOCAL) which sound a lit tle like 
CARNAC and urged me to have another 
attempt to develop it. By this time our 
orginal programs had been made obso-
lete by the “Windows” take-over of small 
computer systems, so Tom Fearn agreed 
to collaborate with me to write a new set 
of programs in MATLAB™ and include 
wavelets as an alternative compression 
technique. However, it did take some 
time to get this underway and it was not 
until 2002 that we had a working suite 
of programs for CARNAC-D (the D is for 
“deux”) and 20064 before we published 
a description of the re-birth of the idea. 
Progress has been very slow in recent 
years (we have had variety of problems), 
but we did some very encouraging work 
with Ana Garrido-Varo and her team at 

Córdoba, Spain, when they compared 
the performance of several methods 
on some very large databases of feed 
ingredients. CARNAC produced the best 
results.5 I am going to make an extra 
effort to publish our promised next paper 
giving results for three databases in the 
near future!

How does it work?
Although CARNAC operates without 
supervision, it is convenient to consider 
it in two stages, as indicated in Figures 
2 and 3. In stage 1 the spectra in the 
database are compressed, SMLR run 
and a modification vector selected from 
the SMLR. This vector is then used to 
modify all the spectra in the database. 
The spectrum of the unknown sample is 
compressed and then multiplied by the 
modification vector. This modified spec-
trum is then compared to each modified 
spectrum in the database and a similar-
ity index is calculated. The output from 
this stage is thus an array of similarity 
values and y (analyte values). In stage 
2 the output array is analysed for each 
spectrum to find those members which 
are very similar to the spectrum of the 
unknown sample. The weighted mean 
of the y values of these samples is then 
calculated as the predicted y value of the 
unknown sample. There are eight critical 
parameters that can be changed to opti-
mise the results. This can be achieved 
(with experience!) fairly quickly because 
the program takes less than 5 s to 
process 100 unknowns with a database 

Figure 2. CARNAC stage 1. Reprinted with permission of IM Publications from Reference 4.
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of 500 spectra. The program will some-
times fail to find any very similar samples 
and cannot give a result. Some critics do 
not like this, but I think it is a strength of 
the method that it works this way and 
does not provide unreliable results.

Why it works
Figure 4 demonstrates that the train 
inspiration really works. The plot of simi-
larity against analyte concentration is 
even better than the one I sketched 
on my train ticket. The black dots are 
samples with low similarity to the test 
sample; most were excluded by the hori-
zontal line of minimum similarity while 
the remaining black dots were excluded 
because their similarity was considera-
bly less than the selected (red) samples. 
One red dot has been excluded because 
of its analyte distance from the other 
selected results. The solid blue line is the 
predicted concentration of the analyte in 
the test sample (39.5) while the dashed 
green line is the actual result by analy-
sis (40.6).

Is there a future for 
CARNAC?
I hope so! It has taken a very long time 
to develop, but this was partially inevita-
ble because the method required scan-
ning NIR spectrometers, large databases 
of scanned and chemically analysed 
samples and large and fast computers 
in quality control laboratories. None of 
these were generally available in 1983 

but now they are. The other main diffi-
culty has been finding the time for 
non-funded developments in our busy 
schedules! Now that the technical 
requirements are in-place we are deter-
mined to find the time to complete the 
project.

What are the prospects 
for chemometrics?
I started writing these columns in 
Spectroscopy World6 (1989–1992) and 
then in Spectroscopy Europe (1992–

2014) which has been a very good 
period to have been writing about 
chemometrics. I was very excited by 
chemometrics in 1989, it is still excit-
ing but the pace of development has 
slowed down and become technically 
more challenging (I am 25 years older 
and have lost many neurons!). There 
are new chemometric tools that we 
know we need. I think improvements in 
handling hyperspectral data is an obvi-

Figure 3. CARNAC stage 2. Reprinted with permission of IM Publications from Reference 3.
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Figure 4. Result for a single test sample.
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QUALITY MATTERS

where the measurand is defined by 
internationally recognised units, such 
as “WHO Units”.

■■ Where the CRM has been produced 
to assist in the validation of a wide 
range of measurement methods that 
are not well matched. Such CRMs are 
NOT suitable for use as calibrators.

Then there are the areas where 
Commutability really must be assessed.

■■ Any CRM or RM intended for use 
in laboratory medicine and related 
procedures. For example, it is not 
possible to use an aqueous glucose 
solution to calibrate a point of care 
testing device: these normally have 
some sort of membrane extrac-
tion layer that is incompatible with 
samples that do not mimic whole 
blood.

■■ In environmental analysis, CRMs 
presented as soil matrix material are 

not generally commutable to direct 
techniques such as X-ray fluores-
cence.

■■ Any RM or CRM produced by an 
organisation accredited to ISO 15194 
MUST include an assessment of 
commutability.

To find out more about Commutability 
please refer to the ISO REMCO Position 
Paper The Need for Assessment of 
Commutability of Reference Materials 
published by ISO in 2014 and available 
in the Public area of the ISO/REMCO 
website.2
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ous one but the more exciting ones (not 
yet conceived or developed) currently do 
not have any application—I look forward 
to reading about them when they arrive!
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