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Introduction and Background
Soil nutrient measurements 
aid farming and emission 
management. Core 
harvesting is the common 
method to determine soil 
carbon content. Soil cores 
are taken to a lab for Dry 
Combustion, this gives 
precise measurements. 

Alternatively, the Mobile 
Inelastic Neutron Scattering 
System (MINS) Detects 
levels of carbon in a scanned 
region on site, avoiding the 
cost and time of lab analysis.

Figures B – Mobile INS

Lab Analysis:

↑ Precision ↑ Cost ↓ Speed

MINS System:

--  Precision ↓ Cost ↑ Speed
Figures N – Prediction
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Figures F – MINS in MCNP6.2

Inelastic Neutron Scattering (INS) can 
occur when a neutron hits elements such 
as carbon. After collision, energy from 
the excited atom scatters out at 
characteristic energy signals. 

Monte Carlo Neutron Particle Sim, 
MCNP6.2 is used to generate detector 
readings called spectrums. The 
spectrums are generated on pure carbon 
– silicone mixes of 0 to 30% carbon
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Figure H – Simulated MINS Readings

Figure G –MINS Architecture

Method 1: Peak Fitting (PF)
The sum of a peak function and baseline 
function are fit onto the true spectrum.

Figure I – Peak Fitting

The peak areas are 
correlated to the carbon content of the soil. 
The outermost values are used as the 
training data for linear regression in a final 
prediction:

Figures J – C% vs Peak Areas

Mean Squared Error: 7.56223e-06

Classical Methods:

Perpendicular Drop (PD)
The minimum of the 
element window is 
taken as the baseline

Tangent Skim (TS)
The baseline is the 
Tangent of the minimums 
of both peak valleys

Figures M – Classic Methods

Method 2: 
Component Fitting 
(CF)
The tested spectrums are 
treated as a linear-
combination of training 
spectrums. The coefficients 
of the fit are multiplied by 
the elemental 
concentrations

𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑒 =  Ʃ(𝑤𝑖 ∗ 𝑠𝑝𝑒𝑐𝑖)

𝑐%𝑡𝑟𝑢𝑒 =  Ʃ(𝑤𝑖 ∗ 𝑐%𝑖)

Figure L – Simulated MINS Readings

Other Analysis Methods
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Future Work includes testing 
to see how the error for the 
methods changes depending 
on the number of particles 
that are emitted from the 
neutron source,  as well as 
under more complex soil 
conditions.

Figures E – Inelastic Neutron Scattering

The MINS system utilizes a neutron generator 
to emit fast neutrons (109𝑛/sample), which 
interact with carbon nuclei in the soil. The INS 
events produce gamma radiation signatures 
that are captured by energy detectors. 
Analysis is done on the Recorded Spectrums

Spectrum Analysis Method MSE

Peak Fitting – Linear Baseline 6.00647e-06 

Peak Fitting – Exponential Baseline 7.56223e-06

Component Fitting 1.89773e-05

Perpendicular Drop 0.00741817

Tangent Skim 0.00504626

The MINS System is very 
effective at measuring 
carbon in simulated 
environments. Peak fitting 
with a linear baseline being 
the most effective method 
under simulated conditions.

Figures A – Core Harvest for Dry Combustion 

Figures K – True C% vs Predicted C%

Gauss Peak Function: (Caused by INS)

Baseline Function:
 linear:
 
 
 exponential
 falloff:

(Caused by other)

Fitting is done with the least-squares method

Figure C - 
ContraMP320 
Neutron 
Generator (DT)

Figure D - 
NaI 
Gamma-
Detector
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