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Soil Compaction MeasurementsSoil Compaction Measurements

Direct measurements
(soil sampling)

State properties
•Bulk density
•Dry specific volume
•Void ratio
•Porosity

Soil compaction 
sensor systems

Behavioral properties
•Soil mechanical impedance

oCone penetration resistance
oSoil cutting and displacement force

•Air permeability
•Water infiltration

Measurement methods

Indirect measurements
(prediction model)

Measures of soil compaction

Soil compaction sensor systems

Fluid permeability 
sensors

Draft and vertical 
force sensors

Soil profile 
sensors

Tine-based 
sensors

Tip-based 
sensors

Vertically-
operated cone 
penetrometers

Single-tip 
horizontal 
sensors

Multiple-tip 
horizontal 
sensors

Cantilever beam 
sensors

Direct load 
sensors

Vertically
oscillating 

sensors

Bulk soil strength 
sensors

Vertically actuated 
sensors

Soil strength 
sensors

Water content 
sensors

Soil Mechanical Impedance Soil Mechanical Impedance 

• Soil mechanical impedance (resistance) is an 
indicator of soil physical conditions and is 
frequently related to compaction

• It is expressed in units of pressure and 
represents the force, normalized by the 
projected frontal (base) area, required to move 
the soil-engaging element through soil media

• Determining soil mechanical resistance using a 
standard cone penetrometer is time consuming

• Several different prototype soil sensors have 
been developed for on-the-go mapping
– Spatial pattern (delineation of problematic areas)
– Depth effect (definition of problematic locations)

Strain Gauges

Soil Mechanical Resistance MappingSoil Mechanical Resistance Mapping

Tool Bar

Travel Direction

Purdue University (West Lafayette, Indiana)

Profiling ToolsProfiling Tools

UC-Davis
(Davis, California)

Three Cutting Three Cutting 
BladesBlades

UNL
(Lincoln, Nebraska)

University of Missouri
(Columbia, Missouri)

Load Cell Load Cell 
ArrayArray
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ExampleExample
Soil Mechanical Resistance Map Soil Mechanical Resistance Map 

Soil Mechanical Resistance 
Map (20-30 cm) 

Yield 
Map

Compacted area Old roads

Integrated Soil Physical Properties Integrated Soil Physical Properties 
Mapping SystemMapping System

Two wavelengths soil 
reflectance sensor 

Soil mechanical resistance 
profiler with an array of 

strain gage bridges
Capacitor-based 

sensor

UNL 
(Lincoln, Nebraska) 

Vertical Blade with Strain Gage ArrayVertical Blade with Strain Gage Array

UNL (Lincoln, Nebraska)

Discrete Model

Soil surface

Travel direction

Strain gages

Polynomial Model

Apparent 
soil surface

Apparent Soil Mechanical Apparent Soil Mechanical 
Resistance ProfilesResistance Profiles

Plot B (disked) 
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Plot D (chiselled and disked) 
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Integrated Load ComparisonIntegrated Load Comparison
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Cone PenetrometerInstrumented Blade

double diskedEdiskedB
no-till w/o cultivationFno-till with cultivationC

chiselled and diskedDplowed and double diskedA
TreatmentTillage PlotTreatmentTillage Plot
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Soil Mechanical ResistanceSoil Mechanical Resistance

Profile 
Average 

5 – 30 cm depth

Change 
with Depth

Dielectric SensorDielectric Sensor
UNL (Lincoln, Nebraska) –

Retrokool (Berkeley, California)

• Silty clay loam soil
• Triple replicates
• Two tests
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Dielectric Sensor MapDielectric Sensor Map

On-the-go mapping

Traditional method

Soil Water ContentSoil Water Content
Gravimetric soil moisture

R2 = 0.85
SE = 2.7%
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15 Nebraska Soils
(from 85% sand 

to 36% clay)

Laboratory Test 
(oven drying)

OnOn--Line Soil Sensor SystemLine Soil Sensor System

Leuven University 
(Heverlee, Belgium)

Comparison of Bulk Density MapsComparison of Bulk Density Maps
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Bulk Density PredictabilityBulk Density Predictability

R2 = 0.72

R2 = 0.18

R2 = 0.38
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Disc Coulter SensorDisc Coulter Sensor

Rotational 
Potentiometer

Ultrasound 
Depth Sensor

GPS Antennae

DAQ

UNL 
(Lincoln, Nebraska)

Disc Coulter TestingDisc Coulter Testing
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Running across
tillage plots

Running along
tillage plots
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Acoustic and Pneumatic SensorsAcoustic and Pneumatic Sensors

University of Kentucky
(Lexington, Kentucky)

Air Permeability 
Sensor

• Soil structure/tilth
• Water content
• Soil type

Soil Penetration 
Noise Sensors

University of Illinois
(Urbana-Champaign, Illinois)

• Soil clay content (type)
• Soil compaction
• Depth of hard (plow) pan

Final ThoughtsFinal Thoughts
• Sensor fusion is critical to identify potentially 

compacted areas of a field
• Soil mechanical resistance sensors reveal 

behavior effect of certain soil state
• Soil failure mechanics is affected by 

operation depth, speed and instrument 
geometry

• Maps produced using compaction sensor 
systems can be used to pursue various site-
specific management strategies

• The first step toward standardization may 
include systems classification and definition 
of operation parameters

http://bse.unl.edu/adamchuk
E:mail: vadamchuk2@.unl.edu


