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Who we are 
Finapp is an innovative startup, spin-off of the University of Padua, Department of Nuclear Physics 

What we do 
Finapp produces new generation CRNS - COSMIC RAY NEUTRON SENSING - probes that provide: 

1. Soil moisture: 

a. On large scale (about 5 hectares) 

b. In deep: 30-50 cm 

c. In real time 

 

2. BWE (biomass water equivalent) 

a. On large scale (about 5 hectares) 

b. In real time 

 

3. SWE (snow water equivalent): 

a. On large scale (about 20 hectares) 

b. In deep: meters of snow 

c. In real time 
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What is CRNS technology 
CRNS is the acronym for Cosmic Ray Neutron Sensing, ie 
detection of cosmic neutrons. Cosmic rays reach the 
earth's atmosphere after a long journey: they are 
generated by different sources (stars, quasars, 
supernovae, etc.) and are made up of different types of 
particles. The interaction between cosmic rays and the 
earth's atmosphere generates a cascade of "secondary" 
particles including fast neutrons. 
From the interaction between fast neutrons and the 
water present in the ground or in the snow, slow 
neutrons are formed which "wander" for tens of meters 
before decaying. 
Thermal neutrons are generated from the subsequent 
interaction between slow neutrons and the water 
present above the ground, ie in the biomass. 
Our probe measures all types of neutrons: fast, slow and 

thermal, since each type is associated with a different 

energy level. 

The Cosmic Ray Neutron Sensing (CRNS) technique, 

thanks to the principles described above, is able to 

measure the water content in the soil, biomass and snow. 

A high count of slow and / or thermal neutrons 

corresponds to a low moisture content and vice versa. 

The slow and / or thermal neutron count is "normalized" 

based on the amount of fast neutrons available at that time. Since fast neutrons penetrate inside the 

ground for many cm (meters in the snow), the data provided is representative in depth and not only 

superficially. Similarly, since slow and thermal neutrons are spatially distributed and scatter over large 

distances in the air, it is possible to monitor the water content over large areas, about 5 hectares at sea 

level and under standard conditions, up to 20 hectares at high altitudes, as the thinner air allows slow 

neutrons to travel longer. 

The data thus obtained represent the average value of water content, valid over the entire area 

described above. 

 

Figure 2 The FINAPP probe measures the neutrons formed by the interaction between cosmic rays and water 

Figure 1 Cosmic rays reach the earth's surface 

after interacting with the atmosphere. 
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Is CRNS technology reliable? 
Yes, it has existed for more than 20 years and has been validated by the scientific community in the 

last 10-15 years by many publications. It was not invented by Finapp. The FAO - Food and 

Agriculture Organization of the United Nations, affirms that CRNS technology is the best currently 

in circulation for practicing “smart agriculture”. 

https://www.iaea.org/sites/default/files/21/09/nuclear-science-and-technology-for-climate-

adaptation-and-resilience.pdf 

What is Finapp innovation? 
Finapp has radically changed the hardware, that is the probe capable of reading cosmic 

neutrons. The improvements we have made allow the use of CRNS technology in various 

industries and no longer only in the field of scientific research. All these innovations are 

patented. In particular: 

 

1. The Finapp probe is the only one capable of 

providing data in real time, since it is the only one 

capable of counting the total incoming of cosmic rays 

and slow neutrons with a single instrument. 

 

2. The Finapp probe is much cheaper to produce 

than the other CRNS probes on the market, thanks to 

its high innovative content. The probe is fully 

engineered and ready for large scale production. 

 

3. The Finapp probe operates off the grid, thanks to 

the consumption of only 0.4W. A simple 20W solar 

panel and a 7Ah buffer battery make it totally 

autonomous. The other CRNS probes have much higher 

power consumption which makes operation in remote 

places very complex. 

 

4. The Finapp probe is light, about 4kg, and compact 

(measures 35x25x15 cm) unlike the other CRNS 

probes which weigh tens of kg for a size of about 2m. 

 

 

 

 

 

 

 Finapp Other CRNS probes 

   
Real time data   

Off the grid ready 
 

  

Dimensions 35x25x15 cm > 1,5m 

Weight 4kg > 20kg 

Figura 3 Detail of the Finapp probe installed in the 

field 
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Soil moisture 
Limitations of current technologies 

The soil moisture strictly depends on the texture of the soil. The heterogeneity of the soil texture is 

such that the soil moisture value can vary significantly even at a very short distance. 

For this reason, it is of fundamental importance to have humidity data averaged over a sufficiently 

large area to consider the entire spectrum of soil heterogeneity. 

 

Figure 4. Soil moisture data measured by the University of Bologna in Legnaro - Italy during the spring of 2021. The 

punctual values of soil moisture can vary from 10% to 40% in less than 100 m 

Furthermore, it is equally important to know the soil moisture not only at the surface level, but also in 

depth, up to where the roots of crops typically are. 

To date, the technologies available for measuring soil moisture range from invasive approaches on a 

point-scale, in many cases TDR (Time Domain Reflectometry) probes to satellite remote sensing. 

TDR probes can obtain accurate measurements (RMSE, mean square error <2%) at high temporal 

resolution (minutes), however the data they provide are representative for a radius of a few cm, and 

this is a huge limitation as it is easily understandable from Figure 4 above. 

It would take dozens and dozens of point-scale probes to be able to obtain a truly representative data 

on a larger scale, but this would entail a series of disadvantages: 

1. High purchase costs 

2. High maintenance costs 

3. Difficulty in identifying statistically significant areas for installation 

4. Impossibility to operate in the field where the probes are installed 

 

Satellite remote sensing technology is not invasive, it covers large areas, sometimes even too large, but 

it has main limitations: 

1. It cannot penetrate into the ground (if not for a couple of cm) 

2. The update frequency is of the order of one week 

3. The measurement of soil moisture is only available on land without any type of vegetation, as 
this is able to completely block the microwaves coming from the satellite 

4. Cloudy skies or the presence of greenhouses stop the estimation of soil moisture. 

Finally, for the BWE to the best of our knowledge there are no direct measurement methods. 

 

mailto:info@finapptech.com
http://www.finapptech.com/


 

Finapp s.r.l. 
info@finapptech.com 
www.finapptech.com 

 

 

 
 

Finapp s.r.l. 
Via Valpolicella, 58, 

37029 San Pietro in Cariano 
Verona – Itay 

Page 5/7 

 

How Finapp overcomes current limitations 

CRNS technology combined with Finapp's innovative hardware provides new soil moisture data, which 
bridges the gap between point-scale measurement and satellite with great benefits. With a single 
probe we provide: 
 

1. Large-scale data (hectares) 
2. Data in depth (about 50cm) 
3. Real time data and continuous over time 
4. “Off the grid ready”: thanks to the consumption of only 0.4W it can operate anywhere, without 

connection to the electricity grid 
5. Easy to install: light (4kg) and compact (35x25x15cm) 
6. Long life and easy maintenance because it is not buried in the ground 

 

 Finapp Point-scale probes Satellite 

    
Real time data    

In deep data 
 

   

Large scale data     

 

To have the same soil moisture data that one single Finapp probe provides, 100 punctual probes would 

be needed. Finapp therefore allows: 

1. Save a lot of money on purchase, management and maintenance 

2. To have much more precise data 

The soil moisture values provided by the Finapp probes have been validated by the University of 

Bologna and demonstrate their absolute accuracy. 

SWE 
Limitations of current technologies 

The SWE (snow water equivalent) values change significantly even at short distances, due to the 

heterogeneity of the snowpack, subject to wind transportation, different exposure and gradient of the 

slopes, etc. 

To date, there are three methods for measuring SWE: manual, automatic and by modeling. 

The manual one consists in extracting a snow “core” from the surface to the ground, weighing it and 

then knowing the SWE value. 

As is evident, a manual method has important limitations: 

1. The measurement is representative of a very small area 

2. Lack of continuous data over time 

3. Smallness of the controlled sites 

4. Inability to reach remote sites 

5. High management costs 

 

The automatic method consists in the installation of a "snow pillow" that is a balance positioned on the 
snow-free ground, which will then weigh the snowpack above it, to provide the SWE data. This 
approach has several limitations: 

1. The measurement is representative of a very small area 
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2. Installation requires level ground, which is not a given in the mountains 
3. The measurement is affected by significant errors, due to snow bridge phenomena 
4. The interface between instrument and snow often requires the use of antifreeze, which is not 

allowed in protected areas 
5. The instrument is heavy and bulky 

 

In last years, simulation models have been developed to know the SWE data "everywhere". Like all 

modeling, it is necessary to provide measured data as accurate as possible to achieve proper 

initialization. Although the snow melt processes, new snow flows, wind transport etc .. could be 

simulated in a precise way, which is far from true with the current state of the art, the great limitation 

of these models is the lack of precise and diffuse initial data, as manually measured SWE is used which 

in turn has a significant set of limitations. For this reason the results are often deficient and very far 

from the real situation. 

How Finapp overcomes current limitations 

The SWE data provided by Finapp represent a new standard that was 
previously impossible to achieve. With one single probe we provide: 

1. Large-scale data (about 20 hectares) 
2. In deep data (saturation limit at 600mm) 
3. Real time data and continuous over time 
4. “Off the grid ready”: thanks to the consumption of only 0.4W 

it can operate anywhere, without connection to the electricity 
grid 

5. Easy to install: light (4kg) and compact (35x25x15cm) 
6. Long life and easy maintenance because it is not buried under 

the snow 
 
If the saturation limit of 600mm is not enough, Finapp installs a 
second probe, positioned on the ground, which will then be covered 
by snow. This "backup" measure covers a smaller area, a radius of 
about 20m, but with a saturation limit of over 2,000mm equivalent. 
Having both an areal and local measurement, Finapp can provide a 
reliable estimate of the SWE in any conditions. 
 
 

 Finapp Snow pillow Simulation 

    
Real time data    

Large scale data    

Accurate data    

The SWE values provided by Finapp have been validated by the staff of the Arabba Avalanche Center, 

certifying their absolute accuracy. 

Fields of use 
The soil moisture data, BWE and SWE provided by Finapp, precisely because they are representative 

on a large scale, can be used in many different ways, as a fundamental element of a long value chain. 

Figure 5 SWE installation 
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The hardware used is always the same, since in each application our probes always measure the same 

object: the water content. It will then be algorithms, software, data representations that will be very 

different and "tailored" for each use. 

Market Typical customer Final service 

   
Environmental monitoring Reclamation consortia 

 

Soil moisture 

 Civil Protection SWE 

 Research & University Fire prevention 

 Road & Rail managers 

  

Land slide prevention 

 Meteorological bodies 

 

Avalanche prevention 

  International cooperation bodies 

 

Flooding prevention 

   Estimate of water availability 

    
Agriculture Food and beverage manufacturers 

 

Soil moisture 

 Agricultural consortia 

 

BWE 

 Big farms 

Produttori di hardware 

Soil moisture maps 

 Hardware manufacturers 

 

Watering advice 

 Service providers 

 

Phyto-pathological models 

    
Hydroelectric Energy Hydroelectric Energy  

 

SWE 

 producers Inflows and outflows in basins 

   Estimated energy production 

    
Water leaks research Aqueduct 

 

Leaks pre-localization 

 Water leaks research companies 

 

 

   
Other Banks Financial products related to 

the use of water resources 

 

 Insurance 

    

 

--- End of the document --- 
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