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Analysis of noise in differential and ratiometric
biosensing systems

Sidahmed Abayzeeda, Richard J Smitha, Chung W. Seea, Michael G. Somekhb

aOptics and Photonics Research Group, Faculty of Engineering, University of Nottingham,
Nottingham, NG7 2RD, UK

bElectronic and Information Engineering, The Hong Kong Polytechnic University, Hung
Hom, Kowloon, Hong Kong, China

Abstract

This paper presents formulations to evaluate noise in differential and ratio-

metric measurements that are often performed in biosensing. These measure-

ments are performed to improve signal to noise ratio of the sensing systems for

sensitive detection of dynamic biological processes. The use of these formula-

tions is discussed in the context of the differential intensity surface plasmon

resonance (SPR) system that is widely used to characterise molecular interac-

tions on a confined axial scale. Previous studies provide qualitative descriptions

of the noise performance of such systems but lack rigorous characterisation.

Here we present analytical expressions for quantitative evaluation of the noise

in differential and ratiometric measurements by applying the rules of arithmetic

operations on random variables. Such formulations provide the means for evalu-

ating the signal to noise ratio of such systems. We present how correlated noise

can be removed by performing differential or ratiometric processing. Applying

these formulations, we also show how the sensitivity of the differential intensity

SPR system changes during the experiment.

1. Introduction

Differential or ratiometric processing is often employed to enhance the sig-

nal to noise ratio or the sensitivity of biosensing systems. It is driven by the
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