
Accepted Manuscript

Title: Non-Invasive Soil Moisture Sensing Based on
Open-Ended Waveguide and Multivariate Analysis

Authors: G. Luciani, A. Berardinelli, M. Crescentini, A.
Romani, M. Tartagni, L. Ragni

PII: S0924-4247(17)30624-6
DOI: http://dx.doi.org/10.1016/j.sna.2017.08.034
Reference: SNA 10288

To appear in: Sensors and Actuators A

Received date: 12-4-2017
Revised date: 1-8-2017
Accepted date: 16-8-2017

Please cite this article as: G.Luciani, A.Berardinelli, M.Crescentini, A.Romani,
M.Tartagni, L.Ragni, Non-Invasive Soil Moisture Sensing Based on Open-
Ended Waveguide and Multivariate Analysis, Sensors and Actuators: A
Physicalhttp://dx.doi.org/10.1016/j.sna.2017.08.034

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/10.1016/j.sna.2017.08.034
http://dx.doi.org/10.1016/j.sna.2017.08.034


 1 

Non-Invasive Soil Moisture Sensing Based on Open-Ended Waveguide 

and Multivariate Analysis 

G. Luciania,b,*, A. Berardinellic, M. Crescentinia,d, A. Romania,d, M. Tartagnia,d, L. Ragnic,e 

 

a Department of Electrical, Electronic and Information Engineering “Guglielmo Marconi” (DEI), University of 

Bologna, Cesena campus, Via Venezia 52, 47521 Cesena (FC), Italy 

b Center for Industrial Research on ICT (CIRI ICT), University of Bologna, via Venezia 52, 47521 Cesena (FC), 

Italy. 

c Department of Agricultural and Food Sciences, Alma Mater Studiorum, University of Bologna, Piazza 

Goidanich 60, 47521 Cesena (FC), Italy 

d Advanced Research Centre on Electronic Systems (ARCES), University of Bologna, 40123 Bologna, Italy. 

e Inter-Departmental Centre for Agri-Food Industrial Research, Alma Mater Studiorum, University of Bologna, 

Piazza Goidanich 60, 47521 Cesena (FC), Italy 

* Corresponding author: Giulia Luciani 

Highlights 

 A non-invasive soil moisture sensing based on combining dielectric spectroscopy with multivariate 

analysis is proposed. 

 Gain and phase spectra are tested on river sand, LECA and silty clay loam soils. 

 Estimation of moisture content (%) for both non-layered and layered soils id demonstated. 

 PLS regression shows R2 up to 0.989 for river sand gain (RMSE = 0.8%). 

 NPLS regression increases the accuracy of the prediction for all types of soil. 
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