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Abstract – In this paper, we propose a method of data 

collection from different sensors through a software 

developed by Sensichips srl, SLM-Studio, which can 

then be compared with MLP machine learning models 

trained through training data available on the 

Sensichips website. The measurements performed by 

the SCW water sensors, the SCA air sensors and the 

SCP multispectral sensor can be applied in different 

fields of precision agriculture ranging from irrigation 

water monitoring to the health status of plants and soils 

up to the monitoring of the chemical-physical 

conditions of the air. 

Keywords - microsensors, machine learning, 

colorimetry, digitalization 

 I. INTRODUCTION 

Precision agriculture [1] aims to develop techniques and 

technologies to be used in the agri-food sector to reduce 

both wastes associated with resource consumption and to 

develop methods to reduce the impact of crops on the 

environment and to obtain high quality products that can 

improve the quality/price ratio. To do that, it is important 

that cultivated fields have a series of tools to monitor the 

health of a plant, the ripening of a fruit and the possible 

onset of problems related to the presence of fungi, the 

health of the soil as well as its chemical-physical 

characteristics. In recent years, materials science and 

various engineering sciences have introduced various 

sensors into the agricultural market that can be installed in 

strategic points of the agricultural field or mounted on 

special drones [1]. The measurements taken by these 

sensors can then be transmitted via Wi-Fi [2], ZigBee [3-

4] or Bluetooth [5] systems to a sort of central system that 

is consulted by the farmer, who can decide whether to 

intervene to reduce the possible onset of problems that can 

damage the quality and the harvest itself. In the future, 

these data could be an integral part of a single dataset in 

which it is possible to consult the possible problems of a 

plant or a vegetable as the chemical-physical conditions 

and the type of soil, the meteorological conditions and the 

state of health of the plant itself vary. 

A soil is the most superficial layer of the earth's crust and 

extends from the surface, where there is almost exclusively 

humus and organic matter, to a layer of rock, the bedrock, 

which has a low degree of fragmentation. Each layer of the 

soil is called a horizon and at the level of nomenclature is 

named by specific letters as shown in Fig. 1. 

 

Fig. 1Geological structure of a soil (Soil is the thin layer 

of material covering the earth's surface) 

In nature there are different types of soil that are 

classified based on the granulometry through sieves that 

evaluate the percentage of sand, silt and clay present in 

each soil sample (Fig. 2). Each soil is also associated with 

a specific color that is associated both with the content of 

the grains present but above all based on their 

mineralogical content. 

 

Fig. 2. Soil types classified according to the percentage 

content of clay, sand and silt (Soil is the thin layer of 

material covering the earth's surface). 

In agricultural fields there are different types of sensors 

that incorporate different scientific technical knowledge 

such as geophysics, chemistry up to electronic and 

telecommunications engineering. 
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Geophysical sensors are mainly applied for monitoring 

the first horizons of the soil. At a theoretical level, 

geophysical sensors analyze two types of waves: 

electromagnetic waves (in the case of a GPR [6] or a three-

wire probe connected to a VNA [7]) or an acoustic wave 

[8] (in the case of a seismometer). Seismometers, for 

example, in addition to having an interesting application 

for the study of site effects in different types of agricultural 

land [9-10], can also have interesting applications for soil 

moisture analysis as well as in the case of a permanent 

seismic station allow other research institutions to perform 

geophysical analyses such as seismic tomography [11]. 

Instead, with the use of GPR from the interaction of the 

waves with the dielectric properties of water, from the 

analysis of the reflected signal it is possible to analyze the 

water content of the soil and the soil horizon in which it is 

located [12-13] 

Chemical sensors instead work mainly in monitoring the 

chemical-physical characteristics of agricultural soil. 

Temperature [15-16], pH [17] and humidity [18] sensors 

and conductivity meters [19] are available on the market 

as gas detectors [14]. The parameters just mentioned can 

be applied both in monitoring the water with which the 

fields are irrigated, and to monitor the horizon A of a soil 

and to monitor the atmospheric environment in which the 

crop is located. In recent years, the microelectronics 

industry is developing smart microsensors that can be 

applied to the world of precision agriculture and through 

machine learning techniques it is possible to reveal 

chemical anomalies of the soil or of the leaves themselves 

even before the effects are perceptible by the human eye 

[20-21]. 

The optical sensors available on the market exploit 

different forms of material radiation interaction such as 

reflectance [22], transmission [23] and fluorescence [24] 

of a given substance. This technique is applied through 

different portable spectrophotometers that work in 

different ranges of the electromagnetic spectrum: from 

UV, to VIS [24] up to NIR [25]. The different 

spectroscopic techniques help us to discriminate for 

example the presence of microfungi substances on the 

surface of a leaf as well as the health status of the plant 

[26]. Fluorescence, for example, is a technique that allows 

us to observe the water content of a leaf and therefore can 

provide interesting data on its hydration [27]. Another 

important type of optical sensors available on the market 

are colorimeters that can be applied in different fields such 

as: monitoring the health status of a leaf [28-29] or the 

color of a soil [30] which is also a diagnostic element of a 

soil. 

 II. METHODS 

In this context, the company Sensichips.srl (Sensors - 

Sensichips - learning MICROSENSORS ), has developed 

several microsensors that can be applied in different 

agricultural fields by providing a data set that can be found 

online on the site. These sensors can be applied for the 

monitoring of water and air pollutants that can be applied 

in different fields, including precision agriculture as well 

as for monitoring the colorimetry of a colored surface such 

as a leaf or soil. 

 A. SCA 

SCA, Fig. 3, is a multi-sensor microsystem (MSM) for 

monitoring the presence of toxic chemicals (TICs), 

pollutants, volatile organic compounds (VOCs) and 

flammable gases in the air. 

The SCA integrates temperature, relative humidity, 

ionic compounds, and metal oxide hotplate sensors. It uses 

temperature and voltage cycling combined with an 

electrical impedance spectrometer (EIS) to achieve better 

gas discrimination. The alternating current (AC) reading is 

less sensitive to drift, and the EIS allows the sensor’s R/C 
equivalent circuit to be derived to decouple drifting 

components from gas response components, supporting 

drift mitigation algorithms. With its versatile analytical 

tools and integrated interdigitated electrodes, the SCA is 

also an excellent experimental board for novel sensing 

materials. Multiple SCAs can be installed on long cables 

for continuous monitoring of large areas. 

 

Fig. 3. SCA sensor for air quality monitoring 

In an agricultural land, the SCA can be installed in some 

strategic points in order to monitor the air quality and 

possibly the presence of pollutants harmful to the health of 

the plant. This sensor will be installed on special poles 

where it is possible to install a thermometer to monitor the 

air temperature, an anemometer and hygrometer to analyze 

the humidity currents and IR cameras facing the 

agricultural field that allow to monitor the surface 

temperature of the plant leaves and therefore its health 

status. 

B. SCW 

SCW, Fig.4, is a multi-sensor microsystem (MSM) for 

monitoring the presence of toxic chemicals (TIC), 

pollutants, hydrocarbons and organics in water. 

At the heart of SCW is SENSIPLUS, Sensichips’ 
microsensor platform that can interrogate on-chip and off-

chip sensors with its versatile and accurate Electrical 

Impedance Spectrometer (EIS) and potentiostat. EIS 

analyses exploit the RedOx dynamics of catalytic noble 

metals to aid in chemical discrimination and measurement 

of conductivity and permittivity spectra. The on-chip 
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potentiostat is used for a variety of different voltammetric 

or amperometric measurements and for real-time pollutant 

discrimination. 

By flowing the electrodes with overvoltage, the device 

prevents or mitigates the formation of biofilm. SCW is a 

complete and multiparametric microsystem for water 

analysis. 

Thanks to its versatile analytical instruments and the 

availability of integrated interdigital catalytic electrodes, 

SCW is also an excellent experimental microsystem for 

discriminative measurement techniques. 

 

Fig. 4. SCW sensor for irrigation water quality 

monitoring 

This sensor can be applied in different agricultural fields 

such as monitoring irrigation water and wastewater. In 

particular, in an agricultural land one can think of 

installing several SCWs near the irrigation system 

monitoring pH, temperature and contaminants and the 

same reasoning can be applied for wastewater. 

Furthermore, one could think of installing this sensor in 

different strategic points of the agricultural soil to monitor 

the nutrients that are dissolved from the soil in the 

irrigation water near the tree trunks. 

C. SCP 

The SCP multispectral sensor, Fig. 5, features 12 LEDs 

covering most of the VIS to NIR spectrum, Fig. 6, and a 

SFH-2201 photodiode as a detector. The sensor operation 

is based on the emission of a discrete frequency modulated 

signal by each single LED on the SCP that is reflected by 

a colored target such as a leaf or a soil sample and then 

analyzed by a photodiode that converts it into a current 

signal. Each LED sensor will be associated with two 

currents analyzed by the photodiode, one IN-PHASE and 

one 90° phase-shifted QUADRATURE. 

Any LED can be used for light emission and any other 

LED or photodiode can be used for measurement. Light 

emission and measurement can be performed with a lock-

in amplifier modulation at a user-programmable 

frequency, both in-phase and quadrature components can 

be acquired. The use of the lock-in technique helps to 

reduce ambient light interference on the measurement. 

This sensor can be thought of as an integrated part of a 

drone that can ideally fly at a height of about 2.0 m from 

the ground monitoring the colorimetry of the latter, this 

data can provide information on the type of soil and any 

water shortage. 

 

Fig 5. SCP multispectral sensor for monitoring plant and 

soil colorimetry 

Furthermore, the spectral analyses from the drone can 

also be applied to the analysis of leaves from which the 

possible onset of diseases as well as a lack of nutrients and 

water can be analyzed. 

 

Fig. 6. Emission spectrum of the 12 LEDs present on the 

SCP multispectral sensor. As can be observed, they cover 

a large part of the VIS (10 LEDs) and a part of the NIR 

between 800 nm and 950 nm.  

 III. MEASUREMENTS 

The measurements were performed using the software 

developed by Sensichips, SLM-Studio, which allows data 

to be collected from different sensors in a single device. 

This communicates with the various sensors via a Wi-Fi or 

ZigBee system that collects the measurements from the 

various sensors and communicates them to the PC in which 

the SLM-Studio software is present for data analysis. The 

measurements are driven through different measurement 

batches, which provide an alternating current, modulated 

in frequency, as inputs to the sensor and the collected data 

is inserted into a Zip folder containing an Excel file with 

the data. 

 IV. POST PROCESSING 

The data analysis phase is performed through SLM-

Studio which provides the possibility of training the 

various substances through three possible machine 

learning techniques developed directly by Sensichips in 

the case of the 𝜇DSP model and preloaded by the IT 

company UEKA in the case of the MLP and KNN models. 

At the end of the neural network training phase, SLM-

Studio allows you to analyze the average accuracy of the 
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newly created model as well as the confusion matrix with 

the accuracies and standard deviations associated with the 

individual substances for which the model was trained. On 

the website, you can also consult the test data carried out 

with SLM-Studio in different experimental conditions that 

replicate the same training conditions and some small 

changes to the experimental setup. 

 V. CONCLUSIONS 

The sensors described can be an integral part of an 

agricultural land where different chemical-physical 

properties of both the soil and the plants present can be 

monitored. This system can communicate the various data 

to SLM-Studio via microcontrollers that communicate 

with each other with a Wi-Fi or ZigBee system. The 

dataset available online on the Sensichips website can 

allow the creation of machine learning models with 

accuracies greater than 90% that allow the comparison of 

the raw data of the sensor with the training data available 

online. From this comparison it will therefore be possible 

to reveal any anomalies in the soil or plants, providing the 

farmer with important data on the possible timing of 

intervention to avoid damage to the plant and minimize 

losses to the harvest. 
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