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EFFECT OF INSTRUMENTAL BANDPASS FUNCTION AND MEASUREMENT 
INTERVAL ON SPECTRAL QUANTITIES 

Summary 

This report presents a detailed study of bandwidth correction applied to spectra encountered 
in radiometric, photometric and spectrophotometric measurements. The mechanism of 
broadening of data recorded by both scanning and array spectrometers, due to bandpass 
function effects, is discussed in detail, along with an historical study of methods currently 
applied. The report presents a bandwidth correction algorithm that can be used for any real 
bandpass function and provides both a step-by-step guide on how to apply that correction, 
and a discussion of the theoretical and experimental limits to its applicability. 

The effect of noise and measurement interval in measurement of both the spectrum and the 
bandpass function is discussed and methods for identifying the significance of noise effects in 
the corrected spectrum are presented. The reduced effect of noise when calculating spectrally 
integrated quantities (such as photometric or colorimetric values) is also examined. Practical 
guidelines are given for the application of bandwidth correction, both for the determination of 
the bandpass function and for estimating whether the correction may lead to an improvement 
in spectral accuracy.  

 

L’EFFET DE LA BANDE PASSANTE INSTRUMENTALE ET DU PAS DE MESURE 
DANS LE CALCUL DES QUANTITÉS SPECTRALES 

Résumé 

Ce rapport présente une étude détaillée de la correction pour la bande passante appliquée 
aux spectres rencontrés en radiométrie, en photométrie et en spectrophotométrie. On y 
discute en détail du mécanisme de l’étalement des données enregistrées tant pour les 
spectromètres à balayage que pour ceux incorporant des photoélements en rangée, 
accompagné d’une étude historique des méthodes couramment employées. Le rapport 
présente un algorithme de correction pour la largeur de bande qui peut être utilisé pour 
n’importe quelle fonction de bande passante réelle, explique comment l’appliquer étape par 
étape, et discute des limites théoriques et expérimentales à son applicabilité. 

L’effet du bruit et du pas de mesure sur le spectre et sur la fonction de bande passante est 
discuté et des méthodes sont présentées pour identifier la signification du niveau de bruit 
dans le spectre corrigé. On examine aussi l’effet réduit du bruit sur les quantités intégrées 
spectralement, telles que les valeurs photométriques et colorimétriques. On fournit un guide 
pratique pour l’application de la correction pour la bande passante tant pour la détermination 
de la fonction de bande passante que pour l’estimation du bénéfice que la correction peut 
apporter à la précision spectrale. 

 

AUSWIRKUNG DER GERÄTEBANDPASSFUNKTION UND DES MESSINTERVALLS 
AUF SPEKTRALE GRÖSSEN 

Zusammenfassung 

Dieser Bericht beinhaltet eine detaillierte Studie zur Anwendung der Bandpasskorrektur auf 
Spektren, so wie sie sich bei radiometrischen, photometrischen und spektralphotometrischen 
Messungen ergeben. Der Mechanismus der Verbreiterung von sowohl mit scannenden 
Spektrometern als auch mit Arrayspektrometern aufgenommenen Daten durch den Effekt der 
Bandpassfunktion, wird, zusammen mit einer Studie über die Geschichte der Methoden, die 
zur Zeit angewendet werden, im Detail erörtert. Dieser Bericht stellt einen Bandpasskorrek-
turalgorithmus vor, der für jede real existierende Bandpassfunktion angewendet werden kann, 
und bietet sowohl eine Schritt-für-Schritt-Anleitung zur Anwendung dieser Korrektur als auch 
eine Erörterung der theoretischen und experimentellen Grenzen seiner Anwendbarkeit. 
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Es wird der Einfluss von Störungen und Rauschen, sowie des Messintervalls der Messung 
sowohl auf Spektrum als auch auf Bandpassfunktion erörtert, und es werden Methoden zur 
Erkennung der Signifikanz von Störungen und Rauscheffekten auf das korrigierte Spektrum 
gezeigt. Ebenso wird der verminderte Einfluss von Störungen und Rauschen auf die spektral 
integrierten Größen (wie z.B. photometrische oder farbmetrische Werte) untersucht. Es 
werden praktische Richtlinien zur Anwendung der Bandpasskorrektur angegeben, sowohl zur 
Bestimmung der Bandpassfunktion als auch zur Abschätzung, ob die Korrektur zu einer 
Verbesserung der spektralen Genauigkeit führt. 
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1 Introduction 

1.1 Objectives 
In recent years there has been increased interest in the uncertainties associated with 
instrumental measurement of spectrally-dependent optical properties of sources, detectors, 
and materials and the errors that spectral instruments can introduce. The bandpass function 
of the instrument can introduce appreciable errors when measuring test artefacts that change 
rapidly with wavelength, particularly when the instrument’s calibration is performed using a 
reference source, detector, or material that has a very different spectral characteristics from 
those of the test artefact. 

This report aims to be a practical guide for users making spectral measurements to 
understand the nature of the errors introduced by the instrumental bandpass function and to 
provide a practical procedure for correcting measured values to take account of the 
instrumental bandpass function. The methodology described here deals with both triangular 
and non-triangular bandpass functions. 

Clause 3 is written as an introduction to the concepts of the report. It is aimed at an audience 
that wants a practical guide. The ideas presented in this clause are discussed in more detail, 
and with more theoretical rigour, in later clauses of the report. This introduces some 
repetition, but also means that the main ideas of the report are collated in a single location. It 
is recommended that readers start with Clause 3. 

1.2 Scope 
This report describes the effect of instrumental bandpass and measurement wavelength 
interval on spectral quantities and provides recommendations on suitable methods to 
minimize the effect of instrumental bandpass functions. The report concentrates on a 
correction method of the form commonly used, that of a weighted mean over surrounding 
values applied to the data and based on assumption of the form of the spectrum across the 
bandpass. The report also provides information relating to the determination of the bandpass 
function itself for both monochromators and spectrometers. 

As this report was being compiled, a true deconvolution method, not dependent on 
assumptions about the spectrum, was being developed (Eichstaedt et al. 2013). This method 
offers the promise of better spectral correction than the weighted-mean methods described in 
this report, but further study is required and a detailed description is not included here. 
Weighted-mean methods are simple to apply and give good results for spectral integrals (e.g. 
as in colorimetry), which are a common application of bandpass correction.  

This report also describes the effect of instrumental bandpass on spectrally integrated 
quantities, but it does not cover the propagation of errors and uncertainty from spectral 
measurement to spectrally integrated quantities. 

Other related effects in spectrometer characterization include stray-light correction and 
wavelength accuracy. These are included only in as far as they affect the determination of the 
bandpass function. Full determination and correction of stray-light and wavelength errors are 
not described within this report. 

2 Terminology 

2.1 References for terminology 
Where possible terms are used as described in the International Lighting Vocabulary (ILV) 
(CIE 2011a) and the International Vocabulary of Metrology (VIM) (JCGM 2012).  

2.2 Instrumentation 
The following terms are all used to describe instruments that select a particular narrow 
spectral region or which separate a broadband spectrum into its spectral components. In this 
document “spectrometer” is used to describe this class of instruments. 


