








Project Approach

Specification of slurry tanker:

• 18,5 m³ capacity
• Drip hose booms (18 m)
• Pump capacity 3850 l/min (540 U/min)
• Flow meter, dosing computer, dosing valve, etc.
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Specification of NIR-spectrometer

NIRS Type Polytec Diode-Array PSS-1720

Resolution 256 Pixel
Wavelength range 850 - 1650 nm
Modus Reflection
White reference manual
Black reference automatic
Power supply 12 V
Software PSS-AXC 1.6 Demo—

programmable
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Specification of measuring window / optics :
Measuring head: 
1. light source
2. path of light
3. sapphire window
4. measurement spot
5. moving sample
6. light uptake
7. power unit

Measuring 
head

Valve for 
reference 

sample
Protecting
housing
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Two parallel windows
Sapphire window: 25 mm diameter
Measuring spot 2 mm below window
Angel optic to light 45°
Identical length of optical fibre cable



-

NIRS measuring locations

Pump By/pass

Flow direction Application

Flow direction Filling

Flow direction Mixing

Project Approach

Flow of information
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• Reference sampling:
• Samples were taken parallel to spectra recording;
• Frozen storage of samples
• wet chemical analysis of DM, Ntotal, NH4-N, P and K
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• Calibration procedure
• Software: SensoLogic Calibration Wizard v0.9.9
• Data preteatment: 1st derivative (seg. 3, gab 1) of absorbance spectra
• Detection of outlier (H, T, D, S): Samples were removed, if they were 

detected as outlier for at least 2 different constituents in full cross PLS-
calibration

• Split of remaining samples in calibration set and test set by the use of 
Gauss Jordan algorithm

• Database: 28 pig slurry, 135 mixed slurry (mainly pig and cattle)
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All used Spectra (n=163)

log 1/R 1st der. (log 1/R)
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DM [%] 
cal: 1.3 - 7.0
val: 1.4 - 6.8

Ntotal [kg/m³]
cal: 1.8 - 5.4
val: 1.8 – 5.4

NH4-N [kg/m³]
cal: 0.7 - 3.2
val: 0.8 - 3.2

P [kg/m³]
cal: 0.3 - 2.4
val: 0.5 - 2.4

K [kg/m³]
cal: 1.7 - 4.9
val: 1.8 - 3.6

Calibration (n=125) Set
Validation (n=38) Set

Histograms of constituents 
in used database

Project Approach



NH4-N predicted [kg/m³]
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Selected Results

12†unitless

Own results Calibration (n=125) Validation (n=38)

Range RMSECV RSQcal† Range RMSEP RSQval† RPD*

DM [%] 1.3 – 7.0 0.59 0.83 1.4 - 6.8 0.55 0.81 2.32

Ntotal [kg/m³] 1.8 - 5.4 0.25 0.93 1.8 – 5.4 0.23 0.77 2.09

NH4-N [kg/m³] 0.7 - 3.2 0.15 0.93 0.8 - 3.2 0.14 0.97 5.40

P [kg/m³] 0.3 - 2.4 0.20 0.82 0.5 - 2.4 0.26 0.81 2.23

K [kg/m³] 1.7 - 4.9 0.18 0.92 1.8 - 3.6 0.16 0.88 2.69
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Own results Calibration (n=125) Validation (n=38)

Range RMSECV RSQcal† Range RMSEP RSQval† RPD*

DM [%] 1.3 – 7.0 0.59 0.83 1.4 - 6.8 0.55 0.81 2.32

Ntotal [kg/m³] 1.8 - 5.4 0.25 0.93 1.8 – 5.4 0.23 0.77 2.09

NH4-N [kg/m³] 0.7 - 3.2 0.15 0.93 0.8 - 3.2 0.14 0.97 5.40

P [kg/m³] 0.3 - 2.4 0.20 0.82 0.5 - 2.4 0.26 0.81 2.23

K [kg/m³] 1.7 - 4.9 0.18 0.92 1.8 - 3.6 0.16 0.88 2.69

Literature Range 
Standard 

Error RSQ† Origin† n† RPD†

DM [%] [11] 0.85 - 13*  0.42* (2) 0.97 Pig + Cattle 255 6.1

Ntotal [kg/m³] [12] 5.9 - 11.7* 0.29* (1) 0.95 Pig 143 3.38* 

NH4-N [kg/m³] [13] 1.01 - 2.67  0.073 (1) 0.97 Pig 64 5.76

P [kg/m³] [13] 0.043 - 1.43 0.055 (1) 0.99 Pig 64 8.46

K [kg/m³] [13] 1.01 - 1.6* 0.061* (1) 0.87 Pig 64 2.78
* calculated; (1) SEP; (2) RMSECV, [unit]; [Author]
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Stationary measuring setup

Selected Results

Reproducibility performance of the NIR measuring system resulting from a 
steady state optical signal during (static) slurry application (n=20; mounting & 
dismounting))

Average Mean Standard 
deviation

Variation 
coefficient Min Max

[kg N-total/m³] [kg Ntotal/m³] [kg Ntotal/m³] [%] [kg Ntotal/m³] [kg N-total/m³]

3.26 3.26 0.009 0.27 3.247 3.280

Eingelassene Keramikscheibe

Fixierungspunkte für die Montage

Eingelassene Keramikscheibe

Fixierungspunkte für die MontageüFixing

White 
reference

NIR
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Reproducibility performance of the NIR measuring system resulting from a 
steady state optical signal during (dynamic) slurry application on 4 measuring 
days

Selected Results
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Day Min Max Average Standard 
deviation

Variation 
coefficient number

[kg Ntotal/m³] [%] [n]

1 3,25 3,34 3,31 0,02 0,52 755

2 3,03 3,44 3,26 0,14 4,38 898

3 3,22 3,26 3,24 0,01 0,21 374

4 3,13 3,25 3,17 0,03 1,06 262

Procedure: Measurement of fixded white reference while working. Use of 
these spectral data for referencing a raw spectrum of a sample with known  
Ntotal-concentration (3,25 kg/m³) and predicting Ntotal.
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• Successful adaptation of NIR-measuring system for on the go 
measurement;

• Signal reproducibility improvable by new generation of NIR 
measuring head with automatic white reference;

• Test of NIRS performance under field conditions;
• Successful application of on-line calibrations for on-line spectra;
• Application on nutrient demand as well as site specific application 

and documentation is possible.
• Further improvement of calibrations based on even larger data set 

in order to span the complete variation in the population of slurry 
samples and check the suitability and quality of origin specific 
NIRS calibrations.

Conclusion
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