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Motivation 

• growing shortage of fresh water enforces the necessity of 

its economical use, 

• reasonable use of water resources is required in every 

sector of the economy (including agriculture), 

• the irrigation systems currently used generate significant 

losses of water, 

• it is vital to design sensors able to monitor soil moisture and 

salinity and automatically store the obtained data. 
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Measurements of water content 

direct methods 

time-consuming 

destructive  

indirect methods 

fast  

non-destructive 
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Indirect methods  

Depend on monitoring a soil physical or physicochemical properties which are 

functions of water content e.g. soil dielectric permittivity (*):  

 
𝜀∗ = 𝜀′ − 𝑗𝜀′′ 

 

reliable and 
accurate  

expensive  

TDR 
requires 
careful 

installation to 
avoid air gaps  

inexpensive 

sensitive to 
temperature, 
salinity, bulk 

density  

FDR 
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Objective 

• an attempt to develop a sensor which could potentially 

be used in a mobile platform, 

• increase the measurement volume,  

• real time measurement, 

• reliable sensor performance and accuracy (high 

frequency measurements, above 200 MHz), 

• applicable for automatic use.   

 
 
 



Model of the probe 
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Fig. 1. a) Prototype of the tested probe. b) Respective dimensions of 

the probe (in mm).    

 

• simulations for different lenght of the central rod; 

• simulations for different diameter (d) and height 

(h) of the sample using Ansys HFSS software; 

• finite element method (FEM); 

• frequency range 1 MHz – 6 GHz with the total 

number of 325 frequency points Fig. 2. Prototype of the probe simulated in 

Ansys HFSS. 
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Method 

Ansys HFSS  

S11 
𝜀∗ = 𝜀′ − 𝑗𝜀′′ 

Matlab 

procedure 

𝜀∗ =
𝑐1𝑆11 − 𝑐2
𝑐3 − 𝑆11

 

c1, c2 and c3 are complex numbers determined in the open-water-liquid 

(OWL) calibration using air, distilled water and ethanol as the calibration 

media  
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Soils measurements 

Soil 

Texture [%] Surface 

area 

[m2/g] 

clay sand silt 

SKR 3.7 67.5 28.8 3.06 

GRT 10.1 13.4 76.5 16.40 

Table 1. 

Properties of the analyzed soils. 

 

Fig. 3. The VNA measurement 

system. 



Fig. 4. a) The real part of complex dielectric permittivity simulated for different lengths of the central rod of the OE-A 

probe. Results obtained for isopropanol. b) Dielectric permittivity spectra of isopropanol obtained from the 

measurements and simulations. The green line represents the isopropanol spectrum known from the literature while the 

black dashed indicates the frequency limit of the tested probe. 

Results 
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Results 

Fig. 5. The effect of changing a) height and b) diameter of the sample on the useful frequency range of the 

simulated probe.  



Results 
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Fig. 6. Field distribution in the sample a) with variable height and b) with variable diameter. Results obtained for 

frequency 350 MHz.  
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Results 

Fig. 7. The real part of complex dielectric permittivity spectra of tested soils: a) SKR and b) GRT with different 

water content in the frequency range 1 MHz to 500 MHz. 
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Conclusions 

• the tested probe can be applied for fast moisture 

measurement with minimal soil disturbance, 

• Ansys HFSS simulations enable to predict optimal 

geometry of analyzed OE-A probe, 

• the measurements and simulations results demonstrate 

that the reliable range of the real part of the ε* is between 

50 MHz and 350 MHz, 

• the rod elongation and the increase in the diameter limit 

the frequency range to the lower values 
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