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Agriculture in the Year 2000 

1 . size of farms is still encreasing 

2. more efficient management is needed 

3. environment protection will be an integrated part of 
agriculture production 

Auernhammer 
Agriculture in the Year 2000 

Heigl <L~K> ~ 94 2AH 010 



' 

Farm Profits of Bavarian Farms 

Groups of Profit in DM I Family worker 

success 10- 25 ha 25- 50 ha 50- 150 ha 

Top group 49 633 47 851 67146 

Medium group 16 706 22 257 34168 

Low group -629 -2 213 8147 

Source: Bayerische Buchführungsergebnisse (BSTMELF) 1992/93 

Auernhammer The Degendency of Farm Profits to <L~K> 
Heigl Qualification and Farm Size ~ 94 2AH 005 



Contam ination of Open Waters by Agriculture 

38% by phosphate 
about 97% caused by erosion 

46% by nitrate 
mainly caused by overfertilizing 

Source: Werner, W. : "Brunnenvergifter Landwirtschaft?" ,DLG-Mitteilungen 104 (1989), H. 19 S. 979 

Auemhammer Centamination of ÜP.en Waters bY. Agriculture 
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Farm size Costs of overfertilizing in DM/ha 
Type of farming 
Extention region N P20s K20 Sum 

Farms altogether 98 70 41 209 

Farm size 10 haLF 19 65 59 145 

Farm size 10 - 30 haLF 56 88 50 195 

Farm size 30- 50 haLF 186 70 51 311 

Farm size 50 haLF 78 60 36 175 

Cash-crop-farms altogether 16 43 33 93 

Forage-growing-farms altogether 156 80 48 286 

I ntensive-livestock-farms altogether 155 63 45 299 

Mixed-farms altogether 26 71 24 125 

Region Hannover 48 54 36 138 

Region Weser-Ems 228 82 53 367 

Source : Schindler, University Göttingen; empirical examinations 1990 

Auernhammer "Costs of Overfertilizing" on Farms in -----------Niedersachsenl DeRending on Farming-t~ge and < LANDTECHNIK 
WE IH ENSTEPHAN> 

Mai er Region 94 2AMO~ 
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Systems for Location Sensing of Agricultural Vehicles 
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Auemhammer 

... ... 

Impuls front wheel 
or radarsensor 

Function: 
Following the odded distances of lined 
working tracks storting at an field dead point 
x is determined using the tram line 

number ond tramline distonce 
y is determined by measuring the way 

starting at the field dead point 

Advantage: 

* only 1 senor needed 
* error-correction possible at every 

tramline end 
* no sensor- infrastructure needed 

Disadvantage: 

* work only possible if starting at the 
field deod point 

* variing tromline distances cause errors 
* after o breok it is neccessary to follow 

the already worked way starting at the 
field deod point 

Error: 

working width (x) :t: 3 - 12 % 
way length (y) :t: 1 - 3 % (by error-correction 

on tramline end) 

Assessment: 

For carefully working farmers for the on-form 
use on fields with row-crops or tramlines suitable. 

Location sensing with the method of "lineariced field" 

(Function and assessment) 

_.............. 
< LANDTECHNIK> 

WEIHENSTEPHAN -.........._.., 
Ke 942 087 



Function: 
Calculation of the actuall position by summing 
up the two dimensional elements of moving 

Sensor for acceleration 
by vehicle autonomous sensors . 

• 

4 

• .. 

Auemhammer 

Sensor for steering angle 

Impuls front wheel 
or radarsensor 

Advantage: 
* no sensor - infrastructure needed 

Disadvantage: 
* known starting point (dead point) needed 
• errors by poor traction (drift of vehicles) 
* errors remain in the system and sum up till 

the system is recalibrated at the starting 
point 

Error: 
> ± 1 nautic mile / 8 h (>±6,4 cm/s) 
= with 7 km/h > ± 3 % 

Assessment: 
As a single system not satisfying for agricultural use 

Location sensing with the method of "dead reckonin~ 

(Function and assessment) 
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Muhr, F riedrich 

East axle 

Planimetrie dead reckoning with revolution sensors 
in the front-wheel on a given track 

(Unimog U 1400; short cutted gras; flat; 6 km/h; autumn 1991) 
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Muhr, F riedrich 

Planimetrie dead reckoning with mounted ultrasonic sensors 
on each side of a traktor on a given track 

(Unimog U 1400; short cutted gras; flat; 6 km/h; autumn 1991) 
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Auemhammer 

• 

Reflector 

Function: 

Transmitter /Receiver on the vehicle calculate 
the distances to the beacon by · measuring the 
traveling time of the microwave signals to the beacon. 
The position is determined by trilateration. 

Advantage: 

• high precision 
• no form extemal ·actions necessary 

Disadvantage: 

• cost for installation and maintenance 
• flat area needed 
• increasing errors close to beacon, may be 

reduced by 3 or more beacons (higher costs) 

Error: 
± 20 cm - ±CO 

Assessment: 

As an onfarm system it is weil satisfying on 
large and flat areas. 

Location sensing with the method of "terrestrical trilateration" 

(Function and assessment) 
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Auemhammer 

mobile · receiver . 
Modem 

• • • + online-radio-connection 

Function: 

Satellites on orbits are continuously sendlng 
position end time Information data. Receivers 
are calculating the own high precise t ime. Using 
the data the traveling t ime of the satellite signals 
is determined end the distances to the satellites 
are calculated. Position detection for 2 D with 
3 end for 3 D with 4 satellites ( GPS) error reduction 
by using differential GPS with a base station. 

Advanta~ 

• worldwide high development activity 
• universal use for high production numbers 

end Iew prices 
• position, time end velocity available oll the t ime 
• infrastructure build end maintained by the operator 

D isadvan tage: 

• depending on operator 
• standardsignals with :t: 100 m errors 

(95 % of oll deviations) 
* for hlgher accuracy use of DGPS with base station necessary, 

requires online-radio-connection, higher costs 

Error: 

:t 100 m with GPS; :t: 1 - 2 m with DGPS 

Assessm en t: 

Nearly unlimited useability with excellent possibilit ies 
for the contractor end machinery-ring use end hilly Iandscapes 
(using DGPS) 

Location Sensing with the method of "terrestrical trilateration" ~ < LANDTECHNIK> 
WEIHENSTEPHAN 

(Function and assessement) ~ 
Ke 942 085 



GPS- NAVSTAR GLONASS 

NAVigation System with Time And Ranging GLObal NAvigation Satellit System 

21 + 3 Satellites (23 available) 24 Satellites (15 available) 

6 Orbit Ieveis 3 Orbit Ieveis 

20183 km Altitude 19100 km Altitude 

11h 56min Orbiting time 11h 16min Orbiting time 

WGS84 Coordinate systems SGS 85 Coordinate system 
(World Geodetic System 1984) (Soviet Geodetic System 1985) 

Possibility of signal degradation (SA; AS) No signal degradation 

1 0 years guaranteed useability 15 years guaranteed useability 

Auernhammer 

Heigl 

Global Navigation Satellite Systems 
Updated in July 1993 <L~K> ~IHENSTEPH~ 

942AHO~ 



Components 

• Orbit-segment (21 + 3 stations) 

• Control-segment (master control station 
monitor stations) 

• User-segment (receiver onland 
on sea 
in the air) 

Performance 

• Global availability 

• 24 hours I day useable 

• fully meteorological independent 

• highly exact detection of 
position, speed and time 

Auernhammer 

Heigl 

System Characteristics Of GPS 
(Global Positioning System) <L~K> ~IHENSTEPH~ 

942AHO~ 
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I Location Sensing and Navigation 
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MOTOROLA 
modern 
radio 

van 
(DGPS-base-statlon) 
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Auemhammer 
Demmel, Muhr 
Wild, Rottmeier 
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Harvest 1991 ; Winter wheat ORESTIS 
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Frequencies of relative errors of the y:ield-measurement ( combines )_ 

in Schey:ern 1991 and 1992 with volume- and massflow 

measuring2y:stems 
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clean 
grain 
elevator 

Auemhammer 

Ievei 
sensor 

paddle 
wheel 

(power driven) 

tank 
filling 
auger 

1991 winter-wheat 7.5 t/ha, 40 grain tank Ioads 
1992 summer-barley 5.5 t/ha, 39 grain tank Ioads 
(1992 calibration after unloading every grain tank) 
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67,4 4,21 kg 

0,5 0,5 j/n 

14,2 1,57 % 

4,04 1,313 t 

Closed Volume Measurement Sy::stem for Combines 
(Measuring Prinziple and Errors from Field Tests in 1991 / 92) 
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Dohne Ortung ~ Ertrag bis 40 dt/ha IIIIIII 4o bis 60 dt/ha ~ 60 bis 80 dt/ha ab 80 dt/ha 

100m 

Erntejahr 1990 
Winterweizen •KANZLER• 
max. Ertrag 82 dt/ha 

SEL-GPS 
W.-te/Raater 
W.-te gea. 
selektiert 

141 
45 597 
13 419 

Erntejahr 1991 
Winterwetzen •ORES"ßS" 
max. Ertrag 75 dt/ha 

SEL-DGPS 
Werte/Raster 
Werte gea. 
selektiert 

25 
2 302 
2285 

~ ErtrQ9 < 30 dt/ha ßlllll 30 - 40 dt/ha ~ 40 - 50 dt/ha • > 50 dt/ha Vegetationsbedingungen, Düngung, Ernte und Ortung 

Auernhammer 
Perger 

Ernte Jahr 1992 
Sommergerate •Slaet• 
mox. Ertrag 55 dt/ha 

MF-DGPS 
Werte/Raster # 
W.-te gee. 4222 
selektiert 4163 

1990 normale Witterung; 180 kg N/ha einheitltcl); 
Vorfruchteffekte; Stroh gehäckselt; 
CASE Jumbo 8900 + DANIA VISION + GPS (SEL LN 2000) 

1991 normale Witterung; 160 kg N /ha einheitlich; 
Stroh gehäckselt; 
MF 34 RS + DATAVISION + OGPS online (SEL LN 2000) 

1992 extreme Trockenheit; 40 kg N/ha einheitlich; 
~troh-Rundballen JOHN DEERE 550 + OGPS online 
{ASHTECH RANGER XII) 
MF 40 RS + DATA VISION + OGPS online 

Ertragskarten ScheY.ern "Fiachfeld" ~~K~ 
~~N_,...--

(16,6 ha; Erntejahre 1990 - 1992; Rastergröße 50 x 50 m) 
ße 922 369 



Perger 

Auernhammer 

D ohne Ortung 

II Ertrag b I 1 30 dt/ha 

D 30 b I 1 40 dt/ha 

40 b i. 50 dt/ha 
-y I • h t • r L • I t • n 

ab 50 dt/ha 

lhx. Ertrag 11 dt/ha 
Ra1ter 12 m 
ltrtt pro Ra•t. 3 
Werteanzahl 4222 
davon ltltkt. 4113 

~ 
200 1ft 

Enteilt mit ARC/~FO Gift 11.10.1112 

Ertragskarte Scheyern 'Fiachfeld' (16.6 ha) ~~~ 
( Sommerger1te,IIF -DGPS,Ertrag•ermittluq 'DA T AVISION-FL-OICONTROL' ,30. 7 + 3.8.12) w~ENSTE~N 

......_....2 2AP 15 



Perger 

Auernhammer 

Yield Area 
[t/ha] [ha] I 

!111 - 3.0 3. 2 11 

D 3.0- 4. 0 6. 2 37 

4.0 - 5.0 5.7 34 

Vlehter Leiten 5.0 - 1.4 a 

D No poaition 0. 2 0 

Area [ha] 16 . 6 
Size of grid [m] 24 
Mean yield (ffbe] 3. 8 
Max. yield [t/ha1 6.0 
Data per grid 1 3 

~ 
200 1ft 

Crtattd with ARC/INFO o• 30.01.1113 

YIE\D - MAP Scheyern 'Fiachfeld' 1992 ~~> 
( •ummer-bari•J ,MF -DGPS,JI, Id-detectioi'DA T AVISION-FLOICONTROL', 7/ 30+1 /3/12) ........_ __." 

~3 2AP 100 



Perger 

Auernhammer 

D Ohne Ortung 

!I unter 20 kg/ha 

• 20 b I t 40 kg/ha 

40 b i. 10 kg/ha 
Vlehter Leiten 

ueber 10 kg/ha 

Maximum 71 kg/ht 
Raater 50 m 
lerte pro Raat. 25 
Werteanzahl 2302 

ron telekt. 2215 
~ 

~~ 

~ 
200 m 

Erttellt mit ARC/INFO am 11.10.1192 

N- Bilanz Scheyern 'Fiachfeld' (16.6 ha) 
(1-leizen 'ORESTIS'. Vorfrucht Getreide, Duengung 110kg/ha einheitl., 1111) 

,..,--··rA'No;~K~ 
--......:: IEIHENSTEPHAN ~ 

~2AP11 



Perger 

Auernhammer 

Yield AHG 
[t/ha] [u] I 

II - J.O 7.7 J 

• 3 . 0 - 4.0 50.1 46 

• 4.0 - 5.0 41.9 39 

5. 0 - 7. 8 7 

D No position 0. 6 1 

Area [ha] :108.2 
Size of grid [m] 50 
Wean yield [t/ha] 4.0 
Wax. yield [t/ha] 7.2 
Data per grid 82 

500 m 

Created with ARC/INFO on 14.07.1113 

~l~K~ 
--......._ WEIHENSTEPHAN ~ 

~2AP 157 

YIELD - MAP Scheyern • total • 1992 
(summer-barley, MF-DGPS + Ashtech-DGPS, 7/30 - 8/7 /1992) 



Perger 

Auernhammer 

Yield Area 
[t/ha] [ha] I 

• - 3.0 11.6 11 

~ 3.0 - 4.0 43.6 40 

~ 4.0 - 5.0 38.5 36 

D No position 

Area [ha] 
Size of grid [m] 
Uean yield [t/ha] 
Uax. yield [t/ha] 
Data per grid 

500 m 

11.4 11 

3. 1 3 

:108.2 
24 

4.0 
7.6 

! 28 

Creottd with ARC/INFO on 14.07.1993 

YIELD - MAP Scheyern * total * 1992 ~L~K~ 
-............_ WEIHENSTEPHAN ~ 

(summer-barley, MF-DGPS + Ashtech-DGPS. 7/30 - 8/7 /1992) ~2AP 151 



Perger 

Auernhammer 
YIELD - MAP Scheyern • total • 

(winter-wheat, SEL-DGPS + GPS, 8/12 - 8/19/91) 
1991 

Yield Area 
[t/ha] [ha] I 

• - 4.0 5.7 5 n 4.0 _ 6.0 

• 6.0 - 8.0 

~ 8.0-

D No position 

Area [ha] 
Size of grid [m] 
Mean yield [t/ha] 
Max. yield [t/ha] 
Data per grid 

54.1 50 

44.8 42 

0. 8 1 

2.0 2 

:107 . 4 
50 

5.9 
8. 6 
118 

500 m 

Created with ARC/INFO on 31.07.1993 

~L~K'-..... 
.............._ WEIHENSTEPHAN ~ 

~2AP 172 



data aquisition 

• forage on pickup yes-no 
photoelectric guard 

• PTO RPM 
• PtO torque 

.-%=~ 'l- - ..... 
~ = ~--------------

llocation detection I 
• PC 386 (60 MB) 

implement control 

Security switches 
I bale chamber open-closed 
I tying arm 
I twine box full-empty 
I bale over-sized-----; 
I tying yes-no 

bale size 
compression pressure 
bale shape monitor 
(right - left) 

• travel distance yield detection • weight detection shaft/axle 

Rottmeier 
Auemhammer 

• vertical acceleration shaft/axle 

Data Aquisition for Yield Map_P.ing and Electron ical 
lmP.Iement Control at the Round Baler 

~~K~ 
~WEIHENSTEPHA~ 

Ke ~2206 



30 

kg 

10 

c 
0 0 ·-......, 
0 ·-> -10 Q) 

0 

~r.-·•• 1•1 1.1 I L -~1-.-.-.J --~ ,. li ----W---... -- ... .- t -~--L '_!_ ., I ... 71 t I - I m ,.1 1 I I I I I I I I I 
...... II 

/ 
-20 Mean = 1,8 kg 

-30 

-40 
Total Sum : 17945 kg Total Deviation : + 135 kg 

Bale-No. 1 1 1 21 31 41 51 

mean Bale-Weight : 246 kg 

Rottmeier Deviqtions weighing Strqw-Round-Bales 
with the Round Baler 

Auernhammer (Scheyem/Fiachfeld: 1992) 

61 71 

..----L~IK.......__ 
--..__W~AN___.--
92 2AR 031 



Plot Area Total time Rel. part of total time 

ha hour:min threshing bin emtying idle drive stand still time 

Kehrfeld 25.5 9:56 63.05 6.33 13.00 17.30 

Flachfeld 16.6 6:54 72.69 6.10 13.71 7.49 

Unteres Hohlfeld 9.9 3:20 62.44 7.58 22.07 7.83 

Eulenwies 5.3 2:14 67.37 6.62 19.37 6.58 

Unteres Geiswegfeld 3.4 1:25 70.51 7.27 16.66 5.57 

Oberes Geiswegfeld 3.3 1:33 68.76 7.58 21.60 2.05 

Heubruch 3.1 1:30 71 .08 6.09 16.84 5.70 

Hopfengarten 2.1 1:02 . 65.96 4.70 25.04 4.29 

Mean (without Kehrfeld 
69.40 6.37 18.87 5.28 and Unteres Hohlfeld) 

Auernhammer Automatie Work Time Aguisition with DGPS <L~K> 
Heigl and Additional Sensors ~ 94 2AH 007 



.· 

I) Iot Plot size Tb reshing calculated paramctcrs from the 
distancc thrcshing distance 

working width rel. deviation from the 
real working width 

(ha) (km/Im) (m) (work.width = 5,5m 
= 100%) 

Flachfeld 16,6 2,37 4,22 76,73 

Eulenwies 5,3 2,25 4,44 80,73 

Unt. Geiswegfeld 3,4 2,27 4,41 80,18 

Ob. Geiswegfeld 3,3 2,11 4,75 86,36 

Heubruch 3,1 2,58 3,87 68,73 

Hopfengarten 2,1 1,97 5,07 92,18 

I Mean II I 2,26 I 4,46 I 80,82 I 

Spieß Calculated Threshing Distances Using 
<L~K> GPS For Positioning Detection 

Auernhammer, Wild Harvest Sche~ern1992 ~ 94 2AS 001 



Plot Geodetic Deviation from area measurement 
measured 

ha DANIAVISION o/o Plot Coordinates o/o 

Kehrfeld * 25.5 -7.06 -2.65 

Flachfeld 16.6 + 6.71 -3.87 

U. Hohlfeld * 9.9 -7.78 -2.54 

Eulenwies 5.3 + 4.91 - 6.11 

Heubruch 3.1 + 8.71 + 2.07 

* DANIAVISION does not include the whole area! 

Auernhammer 
Area Measurement with On-bord 

<~'IS>-Computers and 
WEIHENSTEPHAN 

Heigl GPS - Plot Coordinates 942AHO~ 



150~----------------

m 

~ 100 
:::::3 
+' ·-+' 
0 

E 
Q) 

.r:= 
+' 
~ 

g 50 

points 
doy of horvest: 

field size: 

cereol: 

ovg. yield: 

6.8.92 
3,3 ho 

summer barley 

36 dt/ho 

place for exact yield measurement 
{F AM-pro ject: yield-potential) 

~~~~~~~~~~==~~~)'extremes> 10m north 10 m eost 
2 m height over 

seo Ievei 
from measurement point 
to measurement point 

0~----------~----------~----------~----------~----------~--------~ 
0 50 100 150 

eastern longitude 

200 250 m 300 

positioning doto 1 / s 

Combine Harvester Traces "oberes Geiswegfeld" in ScheY.ern 1992 <L~K> 
Auerohammer . . we•HeNsTEPHAN 

(onl1ne DGPS: ASHTECH MXII-Bosestot1on + ASHTECH OEM-Sensor; ~ 
MF40RS 18", DATAVISION; sliding middle from 3 dato, extremes deleted) Be 932 260 



expert 
knowledge 

( 

soil map 

( 

posit ion det ection 

' / 

~ ~ 
r,:l r ====~1:7-\-

management ~:-::::::·· 

_/ ~ .c--=:_~ ~ ~-~ ~ ~ - .c--=:_~ ...r=-!.. 

_-------------_---_---------------_-_-----_-------------=-=-=-= wä ter -_-_-=-=-=-=-=-=-=-=-=-=-=-----_---=-=-=-=-= --=-=-=-----------=-=------ --- ----- -- ----------- - --- ---- - -- -- ----- ---- ----- ---- ----- ---- --

Auemhammer 
Electronics in a closed loop___§Y.stem 

"TechnologY. for environmental-oriented fertilizing.:_ 
~~K~ 
~~~ 
Ke 912 223 



------ -

~ ' 
' . 

' 

Process-Control 
Expert-System 

Tooi-Carrier 

-. .. 
Meyer 

ComP.uter Controlled, Single-Plant Orientated PlantP.roduction 

-ecologically beneficial, Iabor saving, soil protecting-

~~IK~ 
---...._W EI HENSTEPHAN...,........... 

Ke ~2126 



DIN 9684, Teil 1 ISO /DIS 11786 (Vorschlag, draft) 

Heckdreipunkt-Gerätestellung auf/ab 
rear 3-point implement in-work/out of work 

rear 3-point implement in-work/ out of work 
Heckdreipunkt-Gerätestellung auf/ ab 

frei 
reserved 

frei 
reserved 

Auemhammer 

Umdrehungen der hinteren Zapfwelle 
rear pto rotational speed 

rear pto rotational speed 
Umdrehungen der hinteren Zapfwelle 

Betriebserde 
common ground 

theoretische Geschwindigkeit rear 3-point linkage position 
theoretical ground speed Heckdreipunkt- Geräteposition 

wahre Geschwindigkeit power supply 
true ground speed Stromversorgung 

common ground 
Betriebserde 

DIN 9684, Teil 1 und ISO/DIS 11786 
(Draufsicht Steckdose schlepperseitig; entspricht AMPHEMOL C16- 1) 

theoretical ground speed 
theoretische Geschwindigkeit 

true ground speed 
wahre Geschwindigkeit 

~ 
< LANDTECHNIK> 

WEIHENSTEPHAN 

Be/K~255 



traktorinterne Anzeige 
tractor internal monitor 

traktorintern er 

Ein-/ Ausgabestation ,-
bus terminal 1 

I 
I ------------...1 

Bussteckdose 
bus connector 

tractor internal bus 

Datentransfer zum Betriebsrechner 
data transfer to management computer 

Traktor-Geräte Bus 
tractor implement bus 

_____ Geräterech n er 
electron ic control 
unit (ECU) 

Auemhammer 
Landwirtschaftliches BUS - SY.stem (LBS). 

(DIN 9684) 
~K"-> 
D- -n~~ 
Be 932 248 



Conclusions 

1. Increasing farms need more efficient management. They must do their job always in an environment 
friendly way. Therefore site spezific information is the key forthistype of agticulture. Location sensing 
becomes to the eh allenge of the agriculture of n1omings. 

2. From the multitude of possible location sensing systems for agriculture GPS offers the best 
possibilities. It requires no additional infrastructure and guarantees largely easily the cover all 
agriculturaltnanaged areas. 

• , 
3. The location sensing finds their main application area within inforn1at·:c:. and documentation (yield 
detection, tnonitoring of fertilizer supply and so on). Location sensing is thus not only apart of the crop 
technology. Rather it is an element of the tractor as the universal vehicle in the agricultural operating at 
all. 

4. Simultaneously location sensing opens the Iocal treatment during fertilizing and pest control. It 
makes in a first time environtnent friendly agriculture possible. 

5. Ultin1ately location sensing Ieads to navigation. It opens new aspects for single vehicle as weil as for 
vchicle groups. For the first tin1e driverless vehicle can en1erge. They can be used as trabants tagether 
with manually guided vehicles. Still further in the future unmanned vehicle sets like a "herd of robots" 
can do even each Iabor on schedule with least soil and environment Ioad. 


