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Symposium program  
 
Monday, March 8  
 
15.00-16.30:  Registration 
16.30-16.40:  Welcome, Kristin Tøndel 
 
Methods 1: PLS. Chair: Kristin Tøndel 
16.40-17.00:  Interpretation of partial least squares regression models by means of 
  target projection and selectivity ratio plots, Olav M. Kvalheim, University 
  of Bergen 
17.00-17.20:  Truncated PLS, Kristian Liland, Norwegian University of Life Sciences 
17.20-17.40:  Squared prediction errors (SPE) in X, Rolf Ergon, Telemark University 
  College 
 
18.00-20.00:  Dinner 
 
Tuesday, March 9  
 
Process 1. Chair: Tarja Rajalahti 
08.30-09.15:  Design Space Roadmap - From Development to Production, Lennart 
  Eriksson, Umetrics AB, Umeå, Sweden 
09.15-09.35:  Multiproperty instrumentation at Mongstad refinery, Laila Stordrange, 
  Statoil 
09.35-09.55:  Chemometric analysis of crude oil composition and fluid properties,  
  Andreas Linge Tomren, University of Bergen 
 
09.55-10.10:  Coffee break 
 
Causality and Prediction. Chair: Harald Martens 
10.10-10.55:  Causality, time and pathways, Odd Aalen, University of Oslo 
10.55-11.15:  Mapping of quantitative trait loci in Salmon, Lars Gidskehaug, CIGENE/ 
  Norwegian University of Life Sciences 
11.15-11.35:  Network smoothing of gene expression data, Guro Dørum, Norwegian 
  University of Life Sciences  
11.35-11.55:  The multi-level binary replacement (MRB) design method, Solve Sæbø, 
  Norwegian University of Life Sciences 
 
12.00-13.00:  Lunch 
 
13.00-15.00:  Excursion to "Dronningens utsikt" 
 
Modelometrics. Chair: Lars Gidskehaug 
15.00-15.20:  Modelometrics – soft modeling of hard models, Harald Martens, Nofima 
  Mat/ Norwegian University of Life Sciences 
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15.20-15.40:  Modelling time series data from mathematical models for circadian  
  rhythms and heart function using multivariate analysis, Kristin Tøndel, 
  CIGENE/ Norwegian University of Life Sciences 
15.40-16.00:  A Shape Database for Fast and Objective Estimation of Complex  
  Models, Julia Isaeva, Norwegian University of Life Sciences 
 
16.00-16.15:  Coffee break 
 
Methods 2: Data management and interpretation. Chair: Heidi C. Henriksen 
16.15-16.35:  The null space method for finding patterns from optimal data, Johannes 
  Jäschke, Norwegian University of Science and Technology 
16.35-16.55:  SDMS - Efficient management of your raw data and results, Anders 
  Janesten, Waters 
 
17.00-18.00:  General assembly for the Norwegian chemical society's division for  
  chemometrics 
 
18.30-19.00:  Reception  
19.00-  Symposium dinner 
 
Wednesday, March 10  
 
Biochemometrics. Chair: Harald Martens 
09.00-09.45:  Modelling light scattering in FTIR spectroscopy of cells and tissues, 
  Achim Kohler, Nofima Mat 
09.45-10.05:  Analysis of –omics data: Graphical interpretation- and validation tools in 
  multi–block methods, Sahar Hassani, Nofima Mat 
10.05-10.25:  Sample selection in an experimental consumer study on dry cured ham, 
  Valérie Lengard, Nofima Mat 
 
10.25-10.40:  Coffee break 
 
Classification and Imaging. Chair: Maths Halstensen 
10.40-11.25:  Methods of discrimination and classification, regularization and weight 
  assignment, El Mostafa Qannari, E.N.I.T.I.A.A/ I.N.R.A, Nantes, France 
11.25-11.45:  Hyperspectral low-light camera for macroscopic imaging of biological 
  samples, Julio Hernandez, University of Oslo/ Norsk Elektro Optikk 
11.45-12.05:  Localisation and visualisation of bone fragments using hyperspectral 
  technology, Bjørn K. Alsberg, Norwegian University of Science and  
  Technology 
 
12.05-13.05:  Lunch 
 
Process 2. Chair: Laila Stordrange/ Valérie Lengard 
13.05-13.25:  Acoustic chemometrics and representative sampling for determination 
  of volume fractions in oil/gas flow, Ihunegbo Felicia Nkem, Telemark 
  University College 
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13.25-13.45:  Estimation of volume fractions in two-phase flow systems based on  
  acoustic chemometrics, Benjamin Kaku Arvoh, Telemark University 
  College 
13.45-14.05:  Maintenance of PLS-models, Knut-Inge Paulsen, University of Bergen 
 
14.05-14.20:  Coffee break 
 
14.20-15.00:  General discussion 
15.00-15.10:  Symposium closing, Kristin Tøndel 
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Design Space Roadmap - From Development to Producti on 
 
Lennart Eriksson, Ing-Marie Olsson, Umetrics  
 
 
Throughout the development process the combination of Design of Experiments 
(DoE) and Multivariate data analysis (MVDA) ensures maximum value from collected 
data and provides proof of process understanding. In production MVDA allows real-
time monitoring to ensure operation within the Design space. This talk will focus on 
the relationship between DoE and MVDA for QbD within biopharmaceutical 
development and production. Umetrics will also demonstrate how MVDA allows 
comparison of batches over time, between scales and sites. 
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Regularization and weight assignment in supervised classification 
and discrimination  
 
E. M. Qannari, V. Cariou, S. Verdun  
 
Unité de Sensométrie et Chimiométrie ONIRIS, rue de la Géraudière  
BP 82225 44322 Nantes Cedex 3 - France 
elmostafa.qannari@oniris-nantes.fr  
 


Supervised classification is concerned with the problem of assigning individuals to 
one of several predefined groups from their measurements with respect to a set of 
variables. Linear discriminant analysis (LDA) and quadratic discriminant analysis 
(QDA) are the most popular methods in this context and are particularly appropriate 
for the setting where the variables are assumed to have a multivariate normal 
distribution. However, several authors have stressed the poor performance of these 
methods in presence of quasi-colinearity among the variables and in the small 
sample high dimensional setting. These are common occurrences in chemometrics. 
An extensive literature is devoted to regularization strategies which aim at 
circumventing this tricky problem. We discuss a regularization procedure which is 
very much simpler than all the methods of regularization discussed so far. Moreover, 
we show on the basis of a simulation study that this procedure enjoys a good 
performance in comparison to existing methods. Roughly speaking, the procedure of 
analysis consists in estimating the covariance matrix by a convex combination of the 
usual estimate of the covariance matrix and the identity matrix. The coefficient 
involved in this convex combination is customized to each particular situation by 
means of a cross-validation procedure which aims at minimizing the cross-validated 
misclassification risk.  


Another pitfall linked to methods pertaining to LDA or QDA relates to the fact that 
each group is represented by a single centroid and the assignment rule is based on 
how each new individual is far removed from the centroids associated with the 
various groups. Obviously, this rule may not be relevant in situations where a group 
presents a multimodal pattern or in presence of outliers in one or several groups. We 
circumvent this problem by proposing a general and versatile strategy of assigning 
weights to the individuals. In practice, these weights are used to compute robust 
statistics (mean and variance-covariance matrix within each group) by down-
weighting those observations which are deemed to be abnormal in that sense that 
they do not follow the general pattern of the data within each group. We also show 
how these weights can be used within a strategy of classification pertaining to 
Probabilistic Neural Network (PNN) which is known to be an efficient strategy of 
classification based on non parametric estimations of the probability density functions 
and a Bayesian decision rule.  
The effectiveness of the methods of analysis is illustrated on the basis of real data 
sets and simulation studies. We also discuss how these strategies of analysis can be 
extended to the context of Fisher’s canonical discriminant analysis.  
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Causality, time and pathways 
 
Odd Aalen, University of Oslo 
 
Causal models often seem to ignore the issue of time, or at least to pay a limited 
attention to it. Understanding how processes develop over time is an essential aspect 
of causal understanding. It is also closely related to a mechanistic view of causality 
where one tries to look behind the scenes and understand in some detail what is 
going on. We will discuss the relationship between intervention based and 
mechanistic causality. An essential tool in mechanistic analysis is the pathway, which 
is a type of graph that differs from the Bayesian networks of traditional causal 
inference. Some critical remarks on the classical approach to direct and indirect 
effects will also be made. 
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Localisation and visualization of bone fragments us ing 
hyperspectral technology 
 
Bjørn K. Alsberg  
The Chemometrics and Bioinformatics Group 
Department of Chemistry 
Norwegian University of Science and Technology (NTNU) 
 
The localisation of bone fragments on the ground is of importance in fields such as 
forensic science and archeology. Today this is performed in most cases by manual 
inspection of surfaces which often can be very time consuming. In addition, it is often 
also difficult to determine whether an object is a bone fragment or something else. 
Here a new approach is described which involves the use of the PryJector 
instrument. The PryJector combines hyperspectral imaging, chemometric modelling 
and false colour projection onto surfaces to achieve highlighting of objects or 
distributions on surfaces which are invisible or difficult to observe by the human eye. 
Preliminary studies involving detection of animal bone fragments on stone and sand 
surfaces indicate that the PryJector can be a powerful tool in this area. 
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Estimation of volume fractions in two-phase flow sy stems based on 
acoustic chemometric 
 
Benjamin Kaku Arvoh, Maths Halstensen 
 
Applied Chemometric Research Group (ACRG) 
Telemark University College 
Faculty of Technology, Porsgrunn, Norway 
 
Application of new techniques in real time estimation of volume fractions of two-
phase flow systems in the oil industry is still being developed. Volume fractions in 
gas-liquid and liquid-liquid real time systems are estimated based on principles of 
acoustic chemometrics. The feasibility of applying acoustic chemometrics for on-line 
monitoring of volume fractions of trace concentrations of liquid-liquid mixtures has 
been investigated. 
 
Acoustic chemometrics is a relatively new technique for on-line process monitoring 
based on characterization of system vibrations generated by industrial processes. 
Gas-liquid and liquid-liquid mixtures were pumped through a rig. In order to generate 
acoustic signal, two orifice plates were mounted (horizontal and vertical pipeline). 
The acoustic sensors were mounted on these plates since earlier feasibility study 
demonstrated this position as optimum. The spectra from the acoustic sensor were 
transformed from time domain to frequency domain by Fast Fourier Transform (FFT) 
together with other signal processing techniques prior to multivariate calibration. 
Subsequent applications of Partial Least Squares regression PLS-R were used to 
calibrate a multivariate prediction model for online monitoring of volume fractions in 
the pipeline. 
 
In both gas-liquid and liquid-liquid two phase systems, concentrations from 0-100% 
levels were investigated. The pressure drop in the system was approximately 1.5bar 
and was kept constant throughout the process. The temperature in the rig was also 
maintained at a constant value throughout the experimental process. One model 
each based on test set validation was developed for both the gas-liquid and liquid-
liquid systems. These models were then used to estimate on-line volume fractions in 
both systems. The average Root Mean Square Error of Prediction (RMSEP) for both 
the gas-liquid and liquid-liquid systems did not exceed ±5 and 8% respectively. The 
correlation between the predicted and measured in both systems was approximately 
0.98. 
 
The results from applying acoustic chemometric techniques in estimating on-line 
volume fractions of gas-liquid and liquid-liquid systems were promising but more 
experimental work is needed to explore the effect of all relevant process 
conditions/variations in such systems.   
 
Keywords:   PLS-R calibration, Acoustic sensor, Acoustic chemometrics, Two-phase 
  flow, Multivariate Analysis, Gas Volume Fraction, Liquid Volume  
  Fraction    
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Network smoothing of gene expression data 
 
Guro Dørum, Lars Snipen and Solve Sæbø 
 
Department of Chemistry, Biotechnology and Food Science, Norwegian University of 
Life Sciences, Ås, Norway 
guro.dorum@umb.no 
 
Gene Set Enrichment Analysis and similar methods have in the recent years become 
a popular way of evaluating gene expression data in light of background knowledge 
of gene sets. The main idea is that sets of genes with some logical connection should 
show similarities with regard to expression level, and that differential expression 
should be evaluated at gene set level instead of at the individual gene level. The 
benefit of this strategy may be a reduction in the number of false positives, since 
small, but consistent changes in expressions at gene set level may be more reliable 
than large expression changes for individual genes. The sets of genes may be 
defined in different ways, but is of course motivated by the assumption of correlated 
expressions between the members of the set. Examples of such gene sets are 
metabolic pathways, functional categories and gene ontology levels. A problem with 
this strategy is that it can be difficult to divide genes into disjointed groups, since 
genes are often members of several sets. It is also known that genes are arranged in 
complex networks, and gene set methods do not use the information about how 
closely connected the genes within a gene set are. By shifting the focus from gene 
sets to gene networks, we can avoid dividing genes into groups, and make better use 
of our knowledge about between gene distances in a network. The fundamental idea 
is of course that there is a connection between network distance and gene 
expression similarity. Gene networks can be presented as graphs, where the nodes 
represent genes and edges connecting the nodes represent some type of biological 
relationship between the genes. The network topology can be translated into a 
similarity matrix describing the distances between genes. We present a method that 
uses the similarity matrix to smooth gene expression levels across the network 
topology. The benefit from smoothing may be a reduction of false positive genes and 
easier identification of important subnetworks. 
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Squared prediction errors (SPE) in X 
Rolf Ergona, Maths Halstensena, Kim H. Esbensenab 
 


aTelemark University College, Porsgrunn, Norway 
abAalborg University, campus Esbjerg (AAUE), Denmark 
     


    The residual inconsistency problem in conventional PLSR was first both reported 
and solved by Ergon (2002a, 2002b), but at the time believed to be of little practical 
interest. Pell et al. (2007) discussed the problem in more detail, and this resulted in a 
heated debate, partly because they recommended use of the Bidiag2 algorithm 
instead of NIPALS. Ergon (2009) therefore showed that the Bidiag2 results can also 
be found by a simple re-interpretation of the NIPALS results (RE-PLSR). The results 
will also be the same as in non-orthogonalized PLSR. 


    In this talk we will discuss the implications of the conventional PLSR residual 
inconsistency in relation to squared prediction errors (SPE) in X. We will show that 
SPEB based on the Bidiag2, RE-NIPALS or non-orthogonalized PLSR algorithms is 
the theoretically correct choice, and that it also may give far better results than SPEC 
when applied on industrial data. In practice, however, the situation is complicated by 
the influence of errors in y, which will have an influence on both SPEB and SPEC. 
From tests on real data done so far, it appears that there is still no reason to use 
SPEC, and in some cases this will be a poor choice. There may, however, exist 
applications and situations where SPEC should be used. 


 


Ergon R. (2002a) PLS score-loading correspondence and a bi-orthogonal 
factorization. J. Chemometrics; 17: 368-373. 


Ergon R. (2002b) Noise handling capabilities of multivariate calibration models. 
Modeling, Identification and Contro; 23: 259-273. 


Pell RJ, Ramos LS, Manne R. (2007) The model space in partial least squares 
regression. J. Chemometrics; 21: 165-172. 


Ergon R. (2009) Re-interpretation of NIPALS results solves PLSR inconsistency 
problem. J. Chemometrics; 23: 72-75. 
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Mapping of quantitative trait loci in Salmon 
 


Lars Gidskehaug, Sigbjørn Lien 


CIGENE / Department of Agriculture and Aquacultural Sciences, University of Life 
Sciences, N-1430 Ås, Norway 


 


A polygenic or quantitative trait is a phenotypic, usually continuous, characteristic 
attributable to two or more genes and their interaction with the environment, and 
quantitiative trait loci (QTL) are genome regions closely linked to these genes. In 
other words, even though the QTL not necessarily include the causative genes, they 
are associated with the phenotypic trait in question and can reveal the position and 
effect of the relevant mutations.  


At CIGENE we have genotyped more than 3000 Atlantic Salmon (Aqua Gen AS) for 
about 15K single nucleotide polymorphisms (SNP).  The best working markers have 
been used to construct a genetic map for salmon. We are currently finding QTL for 
important phenotypic traits such as filet colour and growth rates (weight). For traits 
such as these, which are strongly correlated in salmonids, it may be difficult to find 
QTL unique to either trait. Initial results and validation procedures will be presented. 
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Analysis of –omics data: Graphical interpretation- and validation 
tools in multi–block methods  
 
Sahar Hassani1, Harald Martens1,2,3, Mostafa Qannari4,  Mohamed Hanafi4, Grethe 
Iren Borge1 and Achim Kohler1,2,3 
 
1 Nofima Mat AS, Centre for Biospectroscopy and Data Modelling, Norwegian Food 
Research Institute, Osloveien 1, N-1430 Ås, Norway 
2 CIGENE – Center for Integrative Genetics, University of Life Sciences, 1432 Aas, 
Norway 
3 Department of Mathematical Sciences and Technology (IMT), Norwegian University 
of Life Sciences, 1432 Ås, Norway 
4 Unité de Sensométrie et de Chimiométrie, ENITIAA/INRA, BP 82225, 44322 Nantes 
Cedex 3, France 
 
As systems biology develops, various types of high-throughput -omics data become 
rapidly available. An increasing challenge is to analyze such massive data, interpret 
the results and validate the findings. Data analysis for most of the omics-techniques 
is in a fledgling immature stage: Alone the dimensionality of the data tables calls for 
new ways to reveal structure in the data, without cognitive overflow and excessive 
false discovery rate. The cross-disciplinary integration of different -omics 
measurements within one common data modelling approach is at its earliest 
beginning. Multi-block methods have been developed and adapted in order to find 
common variation patterns in data. These methods can be used to achieve a 
graphical overview over sample and variable variation patterns in an efficient way. In 
this paper, data analysis of multi-response experiments is presented. Tools for 
graphical representation and interpretation are developed in order to help the user to 
discover interactions and common structures in complex datasets. Validation tools for 
multivariate and multi-matrix data are developed together with methods for variable 
selection. Cross-validated estimates of Root Mean Square Error (RMSE) are used for 
estimating the number of relevant PCs of the Consensus Principal Component 
Analysis (CPCA) models. Furthermore, important variables are recognized by 
approximate t-test based on Procrustes-corrected jackknifing, and outliers are 
revealed graphically by perturbation plots. 
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Hyperspectral low-light camera for macroscopic imag ing of 
biological samples 
 
Julio Hernández, Norsk Elektro Optikk AS 
 
Imaging spectroscopy, also known as hyperspectral imaging, is capable of collecting 
rich information from a wide variety of biological samples and processes. However, 
the quality of the spectral information depends on the amount of light available in 
each spectral band. Low-light signals are degraded due to noise from the 
fundamental photon counting statistics as well as readout noise in the camera.  Many 
imaging techniques, notably those based on fluorescence, inherently produce low-
light signals leading to challenges in their adaptation to hyperspectral imaging. In an 
effort to extend the applicability of this technique, we have developed a camera 
capable of low-light hyperspectral imaging in the visible and near-infrared spectral 
range. An electron-multiplying CCD (EMCCD) detector has been integrated into the 
architecture of a hyperspectral camera system. Through its internal gain mechanism, 
the EMCCD  effectively suppresses  the readout noise  and achieves a performance 
close to the fundamental photon noise limit. The size of the imaged area is on the 
order of centimeters, thus providing overview and context information as a 
complement to microscopic techniques. Such macroscopic imaging is useful for 
optical diagnostics and characterization of biological tissue samples. Data collected 
from biological samples are used to illustrate the camera performance under low light 
imaging conditions. The examples include e.g. autofluorescence imaging and low-
light polarimetric imaging. The results show that hyperspectral imaging of low-light 
signals on the larger-than-microscopic scale has a clear potential for use in 
biomedical applications. 
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A Shape Database for Fast and Objective Estimation of Complex 
Models 
 
Julia Isaeva, Norwegian University of Life Sciences 


 
It has always been a challenge to find good functional approximations to a set of 
observed data. Often the analyst uses linear models fitted to the data or to 
transformed data. This may work well for prediction purposes, but is less valuable for 
revealing the true nature of the phenomenon. The underlying model may be very 
complex. Estimation of complex model parameters may be time consuming, difficult 
and even impossible with standard statistical estimation methods. Another problem in 
statistical modeling is that the set of models explored typically is quite narrow. The 
choice of function types, which is made by the experimentalist, is usually quite 
subjective and according to his or her preferences and training. 


We seek a more objective approach to data modeling which considers a wide 
range of model classes and which has the capability of fitting models with minimal 
computation time. Therefore, the idea of having a library of possible curve shapes 
arose.  This library can serve as a look-up database to get suggestions of the most 
plausible functions and parameter values that could form the given observed data 
points or data curves. This would help to reduce subjectivity and to speed up 
parameter estimation. In this work I present a first version of such a library and 
illustrate the approach on a set of 2D gel data for protein separation. 
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SDMS - Efficient management of your raw data and re sults  
 
Anders Janesten, Nordic Informatics Sales Specialist, Waters 
 
 
All analytical instruments generates files on the hard drives and many of these 
systems are also generating printed reports, where some of them needs to be 
reviewed, signed and kept for a long period of time. Many labs, especially those who 
use instruments that generates large files, are concerned that the hard drive on the 
instrument PC will get full and make the system unstable or even crash, so they 
spend much time on manually copying the files to a USB-drive or a network server. 
With todays push of an "efficient lab" this is a burden on the users and/or IT. Another 
issue is also that when they need to find their data back for review or reuse, it might 
be difficult to find the specific raw data of interest, since they are only stored by date. 
The cost of long storage of paper is increasing and the time to retrieve it's information 
is and has always been a slow process. To transfer results from these printed reports 
to external systems like Excel, LIMS or similar is a manual and error prone process 
why companies spend a huge amount of money trying to "link" results from different 
file types or result files to their systems. Since all "report generating" systems are 
different from all vendor and techniques, it's very often difficult and most projects 
lasts for a long time, if ever finished. 
 
This presentation will show how NuGenesis SDMS will be able to manage these 
concerns and problems by doing automatic archiving of raw data files and store them 
with many parameters, like user, system, sample name, department, for easy 
retrieval. We will also show how NuGenesis SDMS can take care of all printed 
reports "electronically" and store them catalogued with an easy "search and filter" 
function for easy retrieval, review, making electronic signatures and finally how to get 
the content of the reports automatically transferred to external systems like Excel or 
LIMS. 
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Interpretation of partial least squares regression models by means 
of target projection and selectivity ratio plots 
 
Olav M. Kvalheim  
 
Department of Chemistry, University of Bergen 
 
Displays of latent variable regression models in variable and object space are 
provided to reveal model parameters useful for interpretation and to reveal the most 
influential x-variables with respect to the predicted response. Although the target 
projected (TP) component obtained from a standard partial least square, or 
equivalently, the predictive component from orthogonal partial least squares (OPLS) 
or partial least squares + similarity transform (PLS+ST) is maximally co-varying with 
the response, the corresponding loadings are not necessarily the best choice for 
model interpretation and disclosure of the most important variables with respect to 
explaining the response. Selectivity ratio plot represents a bridge from co-variance 
based TP loadings to correlation-like localized information suitable for interpretation. 
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Sample selection in an experimental consumer study on dry cured 
ham 
 
Valérie Lengard1,2, Tormod Næs1 and Margrethe Hersleth1 


 
1 Nofima Mat, Osloveien 1, N-1430 Ås, Norway 
2 The Norwegian University of Life Sciences, Department of Chemistry, 
Biotechnology and Food Science, Box 5003, N-1432 Ås, Norway 
 
Dry cured ham is a heterogeneous meat product, where in particular fat inclusions 
and salt content are unevenly spread across the ham. This heterogeneity leads to 
significant within-product variations in the sensory profile of the ham, which again 
lead to challenges in performing hedonic consumer studies. If not dealt with, this 
within-product variation may introduce large amounts of noise (variation) in consumer 
responses. In a worst case scenario, one may misinterpret a registered variation in a 
response as due to the consumer, while it really was due to within-product variations 
(i.e. sample error). This paper uses a simple sensory mapping approach with PCA to 
help in the pre-selection of dry cured ham samples for a hedonic test. The purpose is 
to be able to present “identical” dry cured ham samples to the whole group of 
consumers, despite the restricted amount of meat in each piece of ham, the within-
product variations and the replicates variations. 
 
 
Keywords : Sensory map, PCA, sampling, dry cured ham 
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Truncated PLS 
 
Kristian Hovde Liland, Martin Høy, Harald Martens 
Norwegian University of Life Sciences 
 
With the simple assumption of noise being normally distributed, we make an extra 
step in the NIPALS algorithm for PLS that truncates or down-weights values in 
loadings (or scores) that seem to originate from normal or t-distributions. For 
spectrometric data or other data with zeros baselines this can simplify interpretations 
and hopefully help in the "search for the needle in the heystack" in megavariate data 
analysis. 
 
Some theory, implementations and practical examples will be discussed. 
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Modelometrics – soft modeling of hard models 
 
Harald Martens 
 
Cigene/IMT, UMB 
Nofima Mat 
Ås, Norway 
 
Mechanistic mathematical modelling, e.g. in terms of large sets of coupled differential 
equations,  is a useful tool for summarizing existing causal knowledge and for testing 
new hypotheses about complex systems.  But such mathematical models are difficult 
to overview, and even more difficult to compare.  


This paper presents a new approach, termed “modelometrics”, to studying “hard” 
mechanistic models based on “soft” multivariate modelling or their realizations. The 
method borrows heavily from bio-chemometrics, and consists of a combination of  


1) designed computer simulations to generate their respective repertoires of 
apparent phenotype variations (their “model phenomes”) and  


2) multivariate multi-matrix data-modelling to compare their model phenomes in 
several domains, to identify their “soft” model equivalences and their behavioural 
agreements and disagreements, and to propose minimum model extensions that 
harmonize their performances. 


The lecture gives an overview of recent and current modelometrics activities of a 
number of scientists at Campus Ås and elsewhere, and outlines our research 
directions. Among other things, a new, wavelet-based method for reduced 
experimental designs for computer simulation studies is presented, along with 
modifications of various multimatrix data modelling tools of static and dynamic, linear 
and non-linear nature.  
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Acoustic chemometrics and representative sampling f or 
determination of volume fractions in oil/gas flow 
 
Ihunegbo Felicia Nkem, Maths Halstensen 
 
Applied Chemometric Research Group (ACRG) 
Telemark University College 
Faculty of Technology, Porsgrunn, Norway 
 
 
Estimation of volume fractions in multiphase flow is typically a major concern in 
process sectors especially the oil industries. The aim of this study was to develop an 
online technique to address the demands of monitoring the volume fractions of the 
most challenging multiphase fluid, oil/ gas, flowing in a pipeline based on process 
sampling and acoustic chemometrics. An experimental rig, on which acoustic sensor 
and a newly constructed sampling device were mounted, was utilized for this 
investigation. The sampler was mounted on a bypass loop in the rig and reference 
samples of the fluid were collected automatically and evaluated. The volume 
fractions of each sample were compared with a priori known input volumes. It was 
concluded that the sampling error was quite low. Also, the acoustic signals of various 
mixtures of oil/gas flowing through the rig were recorded. Thereafter, multivariate 
calibration (Partial Least Square-Regression, PLS-R) method, based on test set 
validation, was utilized for the prediction of various volumes of oil, as well as gas in 
the oil/gas mixtures flowing in the rig. The pressure drop of the system was 2.5 bar 
and a constant temperature was maintained throughout the experiment. This study 
does not cover temperature variations and static pressure variations. The 
experimental results from the feasibility study were promising, but more experimental 
work is needed to use this technique for online monitoring in the oil industry.  
 
Keywords: multi phase flow, oil/gas, process sampling, theory of sampling, acoustic 
chemometrics, multivariate calibration, partial least squares-regression, process 
monitoring 
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Multiproperty instrumentation at Mongstad refinery 
 
Laila Stordrange and Kjell Arne Ulvund 
 
Product Technology and Customer service (PTC), Statoil, 5954 Mongstad 
 
 
At Statoils refinery at Mongstad there is a need for fast analysis for process 
monitoring and for blending of products. Near-infrared (NIR) spectroscopy has been 
in use since 1993 and is extensively used in the refinery today. To improve the 
production we are continuously investigating new applications of using NIR or 
alternative techniques to NIR-spectroscopy. The possibility of measuring more 
parameters or better reproducibility is the aim of the alternative techniques studies.  
 
A new application looked into is NIR for crude oil surveillance. At Mongstad the crude 
imports are stored in five different caverns. Different crudes are stored in the same 
cavern. The crudes are mixed more or less, resulting in poor estimates of the stock. 
Detection of the yield of the different crudes in a blend using NIR is a possibility. At 
Mongstad PLS1 is used for regression. For the crude we are considering using an 
application of NIR that can measure parameters by a pattern method instead of 
regression.   
 
Gas chromatography has been tested as an alternative technology to measure 
diesel. Correlation Optimized Warping (COW) was used to align retention times prior 
to regression. Better reproducibility was obtained using GC for most of the 
parameters tested. In the study a simulated distillation (Simdist) procedure was used. 
The analysis takes about 30 minutes. For cubic samples (samples taken during 
shipment) a shorter time of analysis is required. GC analysis of petroleum products 
can be performed in less than two minutes. A study of ultrafast GC is needed to 
check the reproducibility and test of columns. Configuration of modelling using COW 
must also be settled.   
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The multi-level binary replacement (MRB) design met hod 
 
H.Martens, I.Måge, K.Tøndel,  J. Isaeva, A. Gjuvsland, M.Høy and S.Sæbø 
 
Norwegian University of Life Science 
 
 
Combinatorial explosion is a problem when a system needs to be studied at many 
combinations of many factors, each at many levels. Such studies become 
prohibitively expensive. 
 
We here outline some methods for detecting strongly non-linear responses and factor 
interactions in badly understood systems. In particular, we focus on the multi-level 
binary replacement (MBR) design method, which combines a well known method 
from signal processing (Haar wavelet) with a well known method from statistics 
(reduced factorial design). The values of the original multi-level design factors are 
replaced by their multi-bit binary representations, and the binary factor bits are then 
combined in fractional factorial design according to a chosen confounding priority. 
Thereby drastically reduced experimental designs can be obtained, with reasonable 
coverage of the factor space at various spatial resolutions. 
 







 


  25 


 
Chemometric analysis of crude oil composition and f luid 
properties.  
 
Andreas Linge Tomren1, Tanja Barth1 and Kjetil Folgerø2 
 
1: Department of Chemistry, University of Bergen  
2: Christian Michelsen Research 
 


Background:  Multiphase flow meters provide online monitoring of the flow rates of 
oil, water and gas in the oil industry. Multiphase meter can help optimizing the 
petroleum production, increasing the oil recovery and lower the investments and 
operational costs. The accuracy of the multiphase meters may be enhanced, and this 
will be done by improving the understanding of the chemical and physical principles 
that determine fluid properties and behaviour. Multivariate analysis of different data 
types describing the chemical composition of crude oils relative to their electrical, 
physical, chemical and magnetic properties have therefore been carried out. The aim 
is to investigate correlations between the crude oil properties and composition, and to 
see if it is possible to build calibration models describing the influence of oil 
composition on the measured signals used for online monitoring.  


This is a PhD project that involves several research disciplines; Physics, petroleum 
chemistry and chemometrics. This presentation will address the the chemometric 
modelling.  


Results:  Principal Component Analysis (PCA) performed on Infra Red (IR) spectra of 
a set of crude and model oils show that three groupings occur in the score plot, 
separating biodegraded oils, nonbiodegraded oils and condensates. PCA performed 
on Gas Chromatography (GC) data of the same set of crude and model oils show 
similar groupings, indicating that it is possible to separate the three types of oils. 
Partial Least Squares calibration models for prediction of different properties based 
on GC and IR and both together have been built. Some models give good results, for 
example for density and biodegradation level.  
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Modelling time series data from mathematical models  for circadian 
rhythms and heart function using multivariate analy sis 
 
Kristin Tøndel, Ulf Indahl, Harald Martens, Arne Gjuvsland, Jon Olav Vik, Stig William 
Omholt 
 
Center for Integrative Genetics (CIGENE), Norwegian University of Life Sciences, Ås 
 
A deterministic mathematical model for the mammalian circadian clock has been 
established by Leloup and Goldbeter [1]. This model is based on the positive and 
negative regulatory loops involving the Per, Cry, Bmal1, and Clock genes, and 
estimates circadian oscillations in conditions of continuous darkness. By using 
different sets of parameter values producing circadian oscillations we have compared 
the effect of the various parameters, and investigated possible interaction effects 
using multivariate analysis. A similar analysis has been carried out using data from a 
mathematical model of the mouse heart cell [2]. Using PLSR we are able to obtain 
good predictions of the various time dependent outputs (e.g. action potentials) from 
the deterministic mathematical models directly based on the specified parameter 
values. This is attractive with respect to improving the computational efficiency of the 
corresponding deterministic models. 
 
1. Leloup J-C, Goldbeter A (2004) Modeling the mammalian circadian clock: 
sensitivity analysis and multiplicity of oscillatory mechanisms. J Theor Biol, 230:541-
562 
2. Bondarenko VE, Szigeti GP, Bett GCL, Kim S-J, Rasmusson RL (2004) Computer 
model of action potential of mouse ventricular myocytes. Am J Physiol Heart Circ 
Physiol 287(3):H1378–403 
 
  
 






