Norris Regression and Wavelength Selection with Applications to
Molecular Spectroscopic Data
Abstract

a)

This paper proposes new approaches to improve Norris Regression and Searching Combination Moving Window Partial Least Squares (SCMWPLS).
Reducing calculation time and limiting user interaction during wavelength selection are issues that are under investigation.
For Norris Regression, programming for automatic search and optimization is provided for the determination of the numerator and denominator
positions, gap size of Norris Derivative and smoothing segment size. To modify SCMWPLS, several issues are discussed, such as determining
moving window size by bandwidth, screening wavelength region candidates by RMSEC and PC number, and searching wavelength region
combination by spectral intrinsic factors.

b)

Introduction

Norris Regression and SCMWPLS try to build better regression models than those based on whole spectra.

Norris Regression [1]

The “Norris Regression” is a regression procedure to reduce the impacts of varying baseline, variable path lengths, and high stray lights due
to scatter effects. The linear regression (LR) model is established between a Y and the ratio of two selected wavelengths. Moving average
smoothing and Norris Gap Derivative at optimum settings by searching are usually applied onto the numerator and denominator positions.

Fig 7. Comparison of Norris Regression results of MILK data: a) From Dr. Norris; b) 2-stage approach shown in Fig 5.Numerator and
denominator positions are the same. There are small deviations in optimum Gap and Smoothing. Calculation takes about 25 minutes.
Table I. Comparison of SEC and SEP among 4 methods using the MILK and BEER datasets. SCMWPLS is sensitive to the size of wavelength
blocks shown in Fig 6. Some of selected wavelengths show in 2 and more methods, but not always true.

Linear Regression

Fig 1. Typical MILK spectra (1 mm pathlength).

SCMWPLS [4]

Fig 2. Optimizing smoothing and Derivative
settings for numerator and denominator
(4 plots total).

Searching combination moving window PLS is a method for searching for either the optimized combination of informative regions or an optimized
individual informative region by Moving Window PLS (MWPLS).
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Fig 4. Scheme for explanation of SCMWPLS

Material and Methods

Applications are home-built programs running in matlab v6.5, and then confirmed in The Unscrambler v9.6. A two-stage approach is
proposed for Norris Regression as shown in Fig 5: searching numerator and denominator, and optimizing derivative gap and smoothing
segment. A total of 105 milk NIR diffuse transmittance measurements and corresponding %Fat references were kindly provided by Dr. Karl
Norris.
A total of 60 beer NIR measurements and Y-references (unknown identity) were downloaded from KVL web site [3].
1. Find interest region from MWPLS

Conclusions
•
•
•
•

Searching criteria: SEC vs. SEP vs. SEC+SEP vs. others? We prefer minimizing 1.5*SEC+SEP.
Calculation time: Exhaustive search vs. stepwise? It depends. We prefer stepwise.
User Interaction: As little as possible for commercial software.
Norris regression: One of the best quantitative approaches for Diffuse Transmittance measurements in which low
transmittance and unknown or unstable pathlength are the problems. Application rules from Dr.Norris.Spectrometer must
have excellent wavelength stability. Must have very low errors in the reference data.Must have defined absorption band
for numerator. Avoid denominators which approach zero. Avoid wavelengths with sharp peaks in correlation.
• SCMWPLS: Wavelength block width and number of blocks in search combination are important.
• Calibration samples should be representative; Validation samples should be true replicates.
• The Unscrambler for sample outlier detection.
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Fig 5. Norris Regression User Interface.

Fig 6. Proposed SCMWPLS approach
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