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Outline
1. Einleitung - Warum dieses Thema?
2. Daten und Methoden

3. Biomasselogistik auf StraBe und Feld - Anwendungen von “user
generated data™ an Beispielen aus der Landwirtschaft

4. Modellierung von Befahrungsintensitaten und kartographische
Abbildung von Bodenverdichtungsrisiken in Ackerschlagen

5. 3D-Visualisierung von Unterbodenbelastungen - ,Tomographie"
des Bodens

6. Zusammenfassung - Ausblick

Christian-Albrechts-Universitat zu Kiel




Christian-Albrechts-Universitat zu Kiel

Physische Geographie — Landschaftsokologie und Geoinformation

DGfK-Workshop “Map creation from user generated data“, Hannover, Oct., 8th, 2012

Mapping the spatial patterns of field traffic by means of GPS-data received
from farm vehicles

Biomass logistics in the catchment area of biogas installations
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Duttmann, R. et al., (2012), KTBL-Schriften, in press
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Assessment of agricultural on-road and within-field traffic
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Relationships between wihin-field transportation distance and field geometrie
(field shape properties derived from ATKIS DLM-data)
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Modeling of field traffic considering the vehicles™ characteristics

harvester
L]
xyt

Processing the GPS data
(point data)

Data import into GIS

L]
o o° tractor
. .
° o Xt
L]

Line construction

The lines generated from GPS
point data correspond to the
mid axle position of the vehi-
cles.

Start and end points of every

line segment are associated

with the respective coordina-
a te and time data.

harvester

b

field border

tractor,
trailer

field border

Separating the transpor-
tation and harvest cycles

Determination of the single
harvest cycles and separa-
ting the sections of

- unloaded transport (1)

- harvest and loading (2)

- loaded transport (3)

Calculation of the start and
end points of a loading
section using a search ra-
dius of 15 m (r,y) around
the tractor’s position in
which the GPS time sig-
nals of the tractor and the
harvester are identical.

Wheel track construction

Construction of geo-referen-
ced wheel track geometries
(front and rear wheels) by
buffering the lines (a) that
represent the mid axle posi-
tion of the vehicles.

The buffer distances corre-
spond to the axle and wheel
widths given for every vehicle
(Table 1)

Modelling of wheel loads
and contact area pressures

Calculation of wheel load and

contact area pressure for eve-

1 ry wheel track (front and rear

wheels).
>
o "+ The wheel load and contact
g " area pressure at a certain po-
* sition are estimated by using

the actual gross weight that re-

3 sults from linear interpolation

between the tare weight at the

start and the (measured) gross
weight at the end point of a
respective loading section (2).

Mapping the wheel track
patterns for single fields

Intersection of the wheel
tracks (polygons) and the
corresponding data (e.g.
track widths, wheel load,
contact area pressure) cal-
culated for every vehicle.

The wheel track data of the
single vehicles are stored in
individual shape files that
will be merged into one file.
The resulting file consists of
the complete wheel track in-
Jormation for a single field.

Spatial analysis of field
traffic activity and inten-
sity

Calculation of the wheel
track area and the number
of repeated wheel passages,

calculation of the track area
(percentage) overdriven at

\\ a certain wheel load and a
o certain contact area preasure,

spatial visualisation of the
wheel track patterns of all or
selected vehicles moving across
a field.

Duttmann, R. et al., Soil & Till. Res. (2012), in press
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Modeling of axle loads, wheel loads and ground contact pressures and their
changes during loading — Mapping the spatio-temporal changes of stresses

J A Beladung
<> ‘ Schittdichte Maishécksel

Fahrzeug 1..n [(kg/m’)/Strecken- oder Zeiteinheit]

Anzahl Achsen L=

—l Silowagen-/Bunkerbefiillung (Silowagen/Bunker 1..n):
Fahrzeuggewmht leer [kg] L ol [ LadeQeWiCht 1 Abschéatzung von Radlasten anhand
Fahrzeuggewicht (beladen) [kg] ‘_.,’ Fahrzeuggewicht “dynamisch” [kg] li i von Maschinenangaben:
Radlast vorne (unbeladen) [kN] i__] Fir angebaute oder aufgesattelte
................................................ Gerate an Traktoren sowie bei
Radlast hinten (unbeladen) [kN] ‘ """"""""""""" Bodenbearbeitung konnen die
A Radlast Hinterradlasten der Traktoren wie
folgt ermittelt werd. LW
Radlast vorne (beladen) [kN] L Radlast vorne "dynamisch” [kN] folg ettt werden (. Werner
Radlast hinten (beladen) [kN ="
( ) [kN] Radlast hinten “dynamisch” [kN] Hinterradlast [kN] =
Spurweite vorne [m] ¥ Maschinengewicht [kN] * 1.3
Spurweite hinten [m] > ’ auf die Hinterachse des Traktors dazu-
4 . . ‘ gerechnet
Reifenbreite “statisch” vorne [m]
. ) " " A Reifenbreite (Abplattung/A Ladegewicht) 2| Schitzung der Kontaktfliche A [m?]
Reifenbreite “statisch” hinten [m 9
(m] Reifenbreite “dynamisch” vorne [m] RIS nach INNS & KIGOUR (1978)
Reifeninnendruck vorne [kPa] 5 -
Reifenbreite “dynamisch” hinten [m] 1 A= Re’ff”b’e’fe [m] * .
Reifeninnendruck hinten [kPa] e Reifendurchmesser [m] * 0,27
Arbeitsbreite [m] > ?4 """""""""""""""""""""""""""" 3| Kontaktflachendruck [kPa]
pe=F/A
Kontaktflache vorne [m’® sche T
Lovl - Kontakfflac?e = = 7y 4 p. Kontaktflachendruck [kPa]
Kontaktflache hinten [m’] Kontaktflache “dynamisch” vorne [m’] 5 F. Radlast [kN]
. 4" A Kontaktfliche [m’]
Reifendurchmesser vorne [m] Kontaktfléche “dynamisch” hinten [m?] v,
S Abschatzung von Ndherungswerten
Reifendurchmesser hinten [m] freeeeeed fiir den Kontaktfldchendruck [kPa]
4| p=125%p,
i i e A
REIFERGFEISE ()M [l A,.Kont,akfﬂ‘.aChenqrqck s — aft: P« Kontaktflachendruck [kPa]
Reifenbreite (B) hinten [m] Kontaktflachendruck “dynamisch” vorne [kPa] p, Reifeninnendruck [kPa]
- I : bei feuchtem Acker:
Reifenhohe (H) vorne [m] Kontaktflachendruck “dynamisch” hinten [kPa] p, < 100 kPa (Friihjahr)
; i . — bei trockenem Boden:
Reifenhdhe (H) hinten [m] p, < 200 kPa (Sommer, Herbst)

Ly Ly nach VDI 6101 (2007, S. 43 u. 58)
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- ?eispiel :-mrdaghrv;r;g durch Anzahl an Uberrollungen durch
Representation of georeferenced wheel e e

Uberrollungen

tracks for individual vehicles and map-
ped patterns of rolling-over frequency

Schiepper + Silowagen
(hier mit Tandemachse))
weenee Hacksler

m  [] Emteflache °
(Arbeitsbreite: 4,50 m)

Hacksler Traktor Silowagen

Vorderrad (VR,)  Hinterrad (HR,) | Vorderrad (VR,) Hinterrad (HR,) | Vorderrad (VR,,) Hinterrad (HR,.)
SW2800mm  SW2600mm | SW2000mm  SW2000mm |SW2100mm  SW2100 mm
RB 800 mm RB 700 mm RB 650 mm RB 710mm |RB 750 mm RB 750 mm




Christian-Albrechts-Universitat zu Kiel

Physische Geographie — Landschaftsokologie und Geoinformation

DGfK-Workshop “Map creation from user generated data“, Hannover, Oct., 8th, 2012

Mapping the spatial patterns of field traffic by means of GPS-data received
from farm vehicles

Fahrstrecken von Ernte- und Transportfahrzeugen

Changes of ground contact Wt Eein , A
pressures along the harvest ':m;::n::w =
section at the example of L -

a single transportation and -

harvesting cycle e

------
s

a) Spurmuster aller Ernte- und Transportfahrzeuge
b) Spurmuster Transportanhanger
c) Spurflache Transportgespann

Maximaler Kontaktflichendruck (kPa) pro F p

Bl -s0 B s0-625 [ ]e25-75
[ 75-875 [ s75-100 [ > 100
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Rolling-over frequency during silage maize harvest on a single field
(representing all vehicle tracks)

Anzahl an Uberrollungen durch Ernte- und Transportfahrzeuge N
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Number of rolling-overs of the single farm vehicles and vehicle combinations

Uber- Spurflache
rollungen

Traktor Silowagen Hacksler Transportzug Alle Fahrzeuge
n m?2 %1 m?2 % 1) m?2 % 1 m?2 % 1 m?2 % 1
<2 7 969 29.1 8 103 29.6 8 408 30.7 1 049 3.8 5777 21.1
>2-<4 2183 8.0 2 376 8.7 1140 4.2 7 242 26.5 5703 20.8
>4-<6 504 1.8 564 2.1 195 0.7 578 2.1 2377
>6-<8 142 0,5 157 0.6 38 0.1 1 905 7.0 1 566
>8-<10 45 0.2 53 0,2 6 - 172 0.6 809
>10-<12 13 - 16 <0,1 <1 - 420 1.5 413
>12-<14 3 - 4 - - - 54 0.2 236
>14-<16 <1 - <1 - - - 109 0.4 144
>16- <18 - - 22 <0.1 73
> 18- <20 - - - - - - 32 0.1 45
> 20 - - - - - - 21 <0.1 63

10860 39.6 11273 41.3 9787 35.7 11604 42.4 17206 62.8
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Maximum wheel load (kN) excerted at least once to a wheel track

Maximale Radlast (kN) pro Fahrspur bei einfacher Uberrollung N

B -2 Il s0-625 , A

[ ]25-375 | =625

%
2011
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Maximum ground contact pressure (kPa) excerted at least once to a
wheel track

Maximaler Kontaktflachendruck (kPa) pro Fahrspur bei einfacher Uberrollung N

Bl - Il 00-125
I s0-75 25150
75-100

6
2011
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Maximum contact area pressure per wheel track: < 62.5 kPa Maximum contact area pressure per wheel track: 62.5 - 75 kPa

W h ee I tra C k patte rns Wheeled area: 162 m’ Wheeled area: 2548 m*

. . . Percentage of wheeled area: 0.6 % " Percentage of wheeled area: 9.3 % "
differentiated into
classes of maximum
mean ground contact
pressure (ground

= meters meters
" related to the field size 0 50 100 150 0 50 100 150
Maximum contact area pressure: 75 - 87.5 kPa Maximum contact area pressure: 87.5 - 100 kPa
Wheeled area: 8511 m* Wheeled area: 1491 m*

Percentage of wheeled area: 31.1 % " Percentage of wheeled area: 5.4 % "

meters meters

N 00— B
0 50 100 150 0 50 100 150

Maximum contact area pressure: 100 kPa - 112.5 kPa Maximum contact area pressure: = 112.5 kPa
Wheeled area: 2041 m* Wheeled area: 2453 m*

Percentage of wheeled area: 7.4 % " Percentage of wheeled area: 9.0 % "

Duttmann, R. et al., &= e meters
Soil & Till. Res. (2012), e Smmm— — —

0 50 100 150 0 50 100 150
in press
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Transportation distances inside a field,
related to classes of differing ground
contacts pressures (kPa)

- Field No. 10 -

Duttmann, R. et al., Soil & Till. Res. (2012), in press
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Maximum ground contact o Erband T omon i
pressure at the example of a S —"

single transortation and O e e
harvesting cycle T

a) Spurmuster aller Ernte- und Transportfahrzeuge
b) Spurmuster Transportanhanger
c) Spurflache Transportgespann

Maximaler Kontaktflichendruck (kPa) pro Fahrspur

Il -5 I s0-625 [ ] e625-75
[ 7-875 [ ss5-100 [ >0
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Calculating stress attenuation inside a soil
Konzentrationsfaktor vk (-):

2
oo
log
Reifen / tyre Reifen / tyre Reifen / tyre Reifen / tyre Vk — 50 52
8,00-20 9,00-24 11,2524 12,75-28 2
P=300%g P =500 kg P =750 kg F=1000kg | r 1
1= 0,8 atd 7= 0,8 ati m,= 08 atl ;=08 atd 0og 5 +

00 Druck der Reifenkontaktflache
(kPa)

A 4 ,
N/ \ 1 N \ T/ | 8z Druck in der Tiefe z (kPa)
:E‘& 01/} {\ e N L\ ~ ] r Radius der Reifenkontaktflache

3 L ! 02

e N~ N (cm)
0] == 0, .

g2E \;% N / , z Bodentiefe (cm)
6042 8 U \ /

S e %
nree SN _/kg/cma
80 Druckfortpflanzung:

Quelle: VDI 6101 (2007), S. 45

0z =00|1-
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Mapping of hidden processes - ,Tomography" at spatial scales

» Import into "GRASS
GIS”
Polygon-shape files re- ¢
resenting soil stresses 1 Grid layer
calculated for individual ~per defined depth
soil depths downwards including the calculated
to 100 cm soil stress beneath the
individual wheel tracks
Import of ASCII o
files as 2D-arrays
» into “Python” via
“numpy” / “gdal-
python”
Export of grid layers '{
representing the in-
dividual soil depths Creation of a 3D "numpy”-array and
(GRASS-ASCII) integrating the 2D-array (depth-relat-

ed layers) into the given structure of
the 3D-array

(6]

— I I I » Transfer of the 3D- »

(5 )
>

array to "VTK” via
“pyvtk”) and export
as "VTK” file

Vertical linearly interpolat- Visualization of the VTK-
ion of soil stresses between File in “Paraview” (as vol-
the single layers of the 3D- ume graphics)

array
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3D-Visualization of stress attenuation beneath a wheel track

Soil stress
(kPa)

Depth 0 - 100 cm

B =110
100
I 90
80

70

60
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“Tomography" of soil stresses
due to field traffic during
silage maize harvest

Depth 0 - 100 cm

Soil stress
(kPa)

Depth 30 - 100 cm =110

100

N

Depth 60 - 100 cm
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Susceptibility to soil com-
paction along the wheael
tracks of a transportation
vehicle (n. DVWK, 1995)

Compressibility at various soil depths, expressed i
as the ratio (Pv/c,) between precompression stress
and ground contact pressure resp. normal stress

-
-
—

caused by wheeling (according to DVWK, 1995,
Table 9)

meters

Ratio Pv/c,
>15 12-15
- very stable, elastic deformation stable

08-1.2 <0.8
- labil - unstable, plastic deformation
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Summary and Outlook

1. die rdumliche Abbildung von Spurmustern auf der Grundlage von GPS-Daten
ermoglicht das Detektieren und die kartographische Abbildung von Schwer-
punktbereichen mit hoher mechanischer Bodenbelastung,

2. durch die Kopplung der Fahrzeugparameter mit den aus GPS-Daten generierten
Fahrspuren lassen sich die Lasteintrage in Bdden flachendifferenziert
quantifizieren und kartographisch raumlich exakt abbilden,

3. durch den Vergleich der in den Boden eingetragenen Lasten/Drlicke mit der
mechanischen Belastbarkeit des Bodens lassen sich die Verdichtungsrisiken
durch Befahrung mit unterschiedlichen Radlasten und Kontaktflachendriicken
flachenbezogen abschatzen,

4. die 3D-Visualisierung der Effekte des mittels GPS erfassten Ernte- und
Transportverkehrs kann der Entscheidungsunterstitzung bei der Wahl
optimalen Befahrungsstrategie dienen,

5. Ziel kunftiger Arbeiten ist der Aufbau eines Server-GIS-basierten SDSS zur
Optimierung des Ackerverkehrs unter Einsatz von “user-generated data “.




