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The Vision by J. v. Liebig

... . One day (it was around 1850 ) Liebig said:

The farmer will be able to assess the exact
yield during harvest like a bookkeeper is doing
in a well controlled factory; then by simple
calculations he could determine highly precise
all substances which he has to replace in each
field, also by amount, to restore the fertility
(85).

- “Precision Farming by Balance on Field-scale” !

Brock, H.: Justus von Liebig. Braunschweig: Vieweg Verlagsgesellschaft 1999, p. 148, own translation
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The (A) first vision/dream of Precision Farming in 1770 7

As we will get soon a new map from our prince-bishop it would be also
desirable to have a similar one where, with an adjusted enlargement, the
nature of the soil should be shown. This could be done simply by different
colors e.g. with dark green for the best grazing areas, a for
the average and a more for the worst ones.

One could also mark every spot with numbers according to the depth of the
different solls from a certain supposed line, like it is done in nautical maps ...

Beside this map we need another one in which the situation in a depth of 6, 7
or 8 shoes is shown, so that, if the first map will be layered above the second
one, the nature there could be seen. One would investigate this with an earth
drill and would do the location geographically ...

Source: Moser, J. A useful Appendix to the Journal of Intelligence of Osnabriick, May 26, 1770 (own translation)
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The first step into ,Precision Farming“ in the 80s

Mid80s: Scientific investigations on Yield monitoring and Mapping

(see also: de Baerdemaeker, J., R. Delcroix, and P. Lindemans (1985); Searcy, S. W., J. K. Schueller,
Y. H. Bae, S. C. Borgelt, and B. A. Stout (1989)

5 yield classes 3yield classes
" R Source: Schueller, J. K., and Y. H. Bae (1987)
m
132
120
108
Sorghum
t/ha
< 128
Sorghum
- 36
%l -t/
- “o e < 33
36 % % &
Jus-4 = ="
- 52 2 o - 37
12 e f::: QROQOON
> 82 NExssalas = gy > 37

% B 60m72 0 12 2% 3% B 60m72

? May GPS enabléreakitimedocalizationownitivino loc local inffastitucittiere? ?
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The first step into ,Precision Farming“ in the 80s

Mid80s: Scientific investigations on Yield monitoring and Mapping

(see also: de Baerdemaeker, J., R. Delcroix, and P. Lindemans (1985); Searcy, S. W., J. K. Schueller,
Y. H. Bae, S. C. Borgelt, and B. A. Stout (1989)

5 yield classes 3yield classes
m 14 R Source: Schueller, J. K., and Y. H. Bae (1987)
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JJJ Source: Haredegg von, M., 1990. Gutsverwaltung Hardegg, 6.3.1990
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The first step into ,Precision Farming“ 1990

1990 A commercially available combine harvester with a yield sensor  was
equipped with a GPS receiver in Weihenstephan and tested on 25 ha
of winter wheat (Data safeguarding with KERMIT took more time than harvesting !)

Measurement points !
(only'5 satellites in orbit that time)

Yield map
F{'q Yield <2tha

. Yield 2 _4tha

. Yield 4-6tha
> 6 t/ha

Mean yield 5.8 t/ha
Grid size 24 * 24 m

Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011 A11-07 (9)



Precision Farming 1991 — braim to infeymatioon driven

position detection

expert
knowledge soil map

N

// [
111t
H——

weather

‘ nutrient
supply

Electronics in a closed loop system <|_m;<>
Auernhammer ” . . oo 2 WEIHENSTEPHAN
Technology for environmental—oriented fertilizing Ke 7912 273

Automated Agriculture in the 218t Century, St. Joseph (USA) 1991, pp. 494-402
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Precision Farming in the 90 " - Yieldi monitoung

Yield manttors = After the combine harvesters solutions for (nearly) all crops
fairalllorops came up (sugar beets, potatoes, pea nuts, cotton, rice,
forage harvesters, balers, ...)
® Farmers as well as scientists realised, that the accuracy of
a yield sensor is different to those of weigh bridges for
commercial use
= Different solutions for data transmission to the farm PC and
for yield mapping are available

nach THOMAS et ol
Gewichts—
ermittiung
Wiegezelle
Geschwindigkeit Band

Speed conveyor belt @ @

Radar Sensor Gutgeschwindigkeit
Radar sensor speed material

DGPS Antenne

DGPS antenna
Wiegezellen
Weighing sensors

System HARVESTMASTER
Stiitzrolle an Kroftmesszelle
Sensor Bondgeschwindigkeit

See also: Vansichen and de Baerdemaeker, 1993; Wilkersen et al., 1994; Wild et al., 1994, Schueller et al., 1999; Durrence et al., 1999;
Shinners et al., 2000
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Precision Farming in the 90 ™ — Site-spewifitapplidatichsns

Site spestiicc = Mainly focused on fertilization
applicationss = Mapping approach typically used on large scale farming
systems based on soil sensing and yield mapping

= Real-time (Sensor) approach typically used in high yielding
areas with sufficient rain fall for N-application

® Both, spin spreaders as well as pneumatic spreaders with

company specific controllers and often farm-specific solutions
In use

Real-time approach : Non-standardized control of fertilizer

: Sensor system ,Kiel", spreaders by multi-purpose controllers
Mapping approach REUSCH, 1994-1997 P Y burb
EM38 collecting soil

data on-the-go

See also: Carter et al., 1993: Reusch, 1997
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Precision Farming in the 90 ™ — Electrani¢cconmmunioationon

Electhanicc " The European LBS-standardization (Daging groupr NL. DK, F,
tractorr GB) started 1987
implementt " There was a very early decision to use CAN with ECU’s and

a “Virtual Terminal” and also to have a connection to the On-
Farm management computer

" Standardisation was finished in 1997

® Besides the LBS-standardization the ISOBUS-
standardization was initiated by the “LBS-standardization
group” in 1990

terminal

cammunmcéationn

GPS receiver ay

\

|

{
bus terminator T ————— data logger
bus connector /z = \
Hﬁ | LBS bus (DIN 9684, 1ISO 11783)
| I b

:I—Q-l@—-@-l—‘—qt OHE | O =7

et

X
[r-ec]  [r-£ou] ——
T -?
it .

S TS TR TS TR RS 77 | /RS TS RS TS TR TS TR e s s
tractor bus VIS TS, Ruernhammer

See also: de Baerdemaeker, J., R. Delcroix, and P. Lindemans. 1985; Searcy, S. W., J. K. Schueller, Y. H. Bae, S. C. Borgelt, and B. A.
Stout. 1989)
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Precision Farming 1 st decade 2000 - Autamguidancee

Autoguidancee = Different solutions came up to improve the work and to
remove high workload from the driver

= | aser guidance for combines

= RTK-Auto guidance for parallel working with no overlapping
and work time extension also to night times, fog, dust,
others

= Auto turning at headland with headland management
systems

See also: de Baerdemaeker, J., R. Delcroix, and P. Lindemans. 1985; Searcy, S. W., J. K. Schueller, Y. H. Bae, S. C. Borgelt, and B. A.
Stout. 1989)
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Precision Farming 1 st decade 2000 — Qveralllférnncommunioationon

AgnaXViLL = Farm management has increased information exchange

= Any hew communication partner has own data specifications and
Interfaces

= Data manipulation and data transformation is time consuming

= An exchange standard gives freedom, data security and simple
data interchanging

management Administation management Administration
Interfaces g
x A
Reseller — / LTS Reseller Contractor
6 2 O

Farmer Farmer

f%'&

X L

Go;/e(rer:]r;lent M Extension
gency service

Government
agency

Extension
service

Machinery
cooperation

Machinery
cooperation

Source: Kunisch et al., 2007
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Precision Farming 1 st decade 2000 — Communi¢cation&&idgnosties

ISOBUS " The standard (beginning in 1990) is still under development,
extension and revision

= Many well-sounding announcements during the last two
decades were given (and forgotten)

m Still less, low or no real commitments to the standard in the
Ag industry

= Bilateral proprietary solutions came up and reduced the
believe of the farmers into this “future technology”

e

Diagnostics

h Management
omputer Computer
. Task Controller
Diagnostics kg Mgt. Computer . "
servr || Mo Zomter 3y it - TIH lernat
sy | BUIL: TIHEFE2ISSN0 @UENaTVEV!
Interface B
| Ll
| Virtual I Sequence
i Tarminal : Controller GPS
— i | -
Tractor/Implement Bus
Implement ECU and Tractor
Implement Bridge ECU
WAnlaisant Hitch Transmission Engine
ECU g1 I l—a
Tractor Bus

ECU
Source: Stone, M. L. (2011). ISO 11783 Part 10 Task controller and management information system data interchange. ASABE AET.
http://shieldedpair.net/downloads/ISO%2011783%20Part%2010.pdf
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Commonalities related to “Precision Farming”

Scientists = Have very often restricted understanding of “real farming” of
today and tomorrow

= Are often “Lone Fighters” or have no teamwork abilities /
facilities

= Should do more in sensor development and sensor
integration

= Should things make simple

Manufacturers ™ Have still problems with ICT, especially related to in-house
acceptance and in-house integration

" Try to be dominant and have company-specific “add on’s”
" Have a certain distrust to standards
= Need pressure from competitors

Farmers = Are willing to accept and adopt ICT solutions, bigger farms
more than smaller ones

= |_ost believe in well formulated announcements

= Be often “alone with their problems”

= Prefer “simple solutions”

= Need more farm -specific/regional-specific solutions

Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011 A11-07 (20)



Commonalities related to “Precision Farming”

Scientists

Two main

results

(constraints)

of today
(in 2010)

f)

= Have very often restricted understanding of “real farming” of
today and tomorrow

" Are oI

facilit

No fit to farm management
(heterogeneity, nitrogen fertilisation)

u AreV\I

No real widely accepted
communication standard

more LHTCAT T ITITIAAlrel] Jviioe o

How taovercome the constraints

(each solution creates new expectations, results and constraints) =

f>

Twenty Years of Precision Farming, ACPA2011
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,Precision Farming“ more than “Site-specific Farming”

‘ Precision farming domains * \

Field to fork (plot to plate)

(with online decision)

Site specific Fleet Field
farming management robotics
— Tillage — Route planning — Implement control/
Automatic guidance
— Drilling : o _— :
— Location monitoring — Manned guiding vehicle
| Fertilizin and unmanned
9 following vehicles
— Spraying — Location monitoring — Unmanned vehicles
with map-matching of existing concepts
— Irrigation — Fleet member control — Unmanned vehicles
and navigation of new specialised
concepts
— Harvesting — Teleservice

[ Crop management J

( Machine management J

[ Labour management J

Traceability (documentation)

Fork to field (plate to plot)

*) First draft established 2001, Dec 4 by the author

Twenty Years of Precision Farming, ACPA2011
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The two directions of Site-specific Part Field Mana  gement

average vield

Derivation and determination of homogeneous
partfields

- Determination of heterogeneities

- Determination of management zones (same yields)
under consideration
- Technical differentiation
- Economical efficiency
- Ecological efficiency

Part field determination by minimum field sizes
(>3ha to > 10ha)

Farmer
1,2,3,4

Consideration of part fields from different land lords in a
transborder field

- Assembling of small fields with equal crop rotation
- Definition of part fields from ownership/field operators

- Field operations by common operation target
- Ownership
- Common yield target
- Heterogeneity

Size of transborder fields limited by existing infra
structure (roads, ditches, ... ) and crop rotation

Twenty Years of Precision Farming, ACPA2011
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The two directions of Site-specific Part Field Mana  gement

It is estimated that 2.6 billion people or 40 percent of the world's population
are small farmers. The large majority of them cultivate less than five acres of

land. (http://iwww.greenpeace.org/usa/en/campaigns/genetic-engineering/our-vision/small-
scale-farming/)

— Site-specific crop manage

Large-scale farming

average vield ~

[ Out of production

Derivation and determination of homogeneous Consideration of part fields from different land lords in a
partfields transborder field
- Determination of heterogeneities - Assembling of small fields with equal crop rotation
- Determination of management zones (same yields) - Definition of part fields from ownership/field operators
under consideration o - Field operations by common operation target
- Technical differentiation . Ownership
: Econor_mcal efﬁ_mency . Common yield target
- Ecological efficiency . Heterogeneity
Part field determination by minimum field sizes Size of transborder fields limited by existing infra
(>3 ha to > 10 ha) structure (roads, ditches, ... ) and crop rotation
Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011 A11-07 (25)



Yield maps - wihaitwe:gett! !

Downloaded July 7, 2009

spo-sp0  Bopo-1100
(6po-7o0 W00 12,00
roo-o00  Iloeevam

A0.0%

Coloured pictures!
Why:
 Yield classes separated by 1 t/ha ?

» Colour “black” is highest yield (black
means “mourning”) ?

» Other colours used by other
companies ?

What to do if a farmer is:

» Using combines of different
companies on same field at same
crop ?

Using combines of different
companies year by year ?

Having combinable and non-
combinable crops in the rotation?

Twenty Years of Precision Farming, ACPA2011
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Yield maps — what we need !

1) Yield means absolute yield (dry matter, protein, starch, ...)

2) Yield classes must be separated by need/capability of adjacent technology,

related to a

- significant different amount (precisely controllable),

- minimum working length  (system reaction time),

- minimum acreage (field size, field shape, working width of implements)

3) Adecision tree differs to a maximum of 4 different yield types
- no in-field yield variation (uniform application/processing),
- high and low yield zone(s),
- low, average and high yield zone(s)

(- very low, low, average, high and top yield zone(s))

4) Standardised colours enable simple understanding and true reproducibility
like “traffic lights”, related e.g. to

- economics (red “expences higher than revenues”, “..7, green” ... )
- quality (red “poor”, “.", green”“ ... ")
- environment (red “high pollution”, “.7, green”t .. )

- No beneficial On-farm use without an ISO -standard !

Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011 Al11-07 (27)



ISOBUS - On-the-gomimplementcaniralwithisensotidusionsion

ISOBUS compliant “In-field Controller” (by OSTERMEIER 2005)

{ Farm Management Information System J

Mapping-Approach

- Map with Set points
(part of ISOBUS)

Rules

<

GPS
NMEA 2000

Task
Controller

A

Realtime-Approach with
map overlay

— Map + rules
(requires ISOBUS extension)

|

|

In-field
Controller

Virtual
Terminal

B

ISO 11783

l I DIN 9684
Tractor On-line Sensor On-line Sensor Implement
ECU Plant Parameter Soil Parameter Controller

Realtime-Approach - Rules

(requires ISOBUS extension)

Twenty Years of Precision Farming, ACPA2011
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Precision Farming — “AgrMachineryyandClowd € Groputinghg”

. ... Services
o Web-Seiviosess : :
Soil Services _ _ Book keeping Services
Extension Services
Weather Services Fleet Management Farm Management
Services Services

r----- Il Il I N

l AgMac-Server [

Mapping-Approach '

Rules

- Map with Set points
(part of ISOBUS)

Realtime-Approach with

map overlay
— Map + rules

(requires ISOBUS extension)

I
A 4 T y
1
I
GPS Task l In-field Virtual
NMEA 2000 Controller : Controller Terminal
1
I
I
I ISO 11783
4 ¥
DIN-9684
Tractor On-line Sensor On-line Sensor Implement
ECU Plant Parameter Soil Parameter Controller

Realtime-Approach - Rules
(requires ISOBUS extension)
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The birth of a new age ?

Sensor Approach with
Map Overlay

Mapping Approach
‘ PRES SRR / ISOBUS Controllers
AN

qnic Tillage Control
Systems

Electr
—=Bo-Controliera—

Not accepted ! %
Multi-Purpose Implement Control Systems — % <
for Sprayers, Spresqders and for Monitoring Y
J
[

. !
D
PA-Contractors I
use this !

Liquid farmer buy this,
it is:

- Comfort

- Accuracy

- Environment protection

- Fast return of investment

- Automation

PA-Farmer
still are here !

©

Standard farmer
still is here !




ngh power automation - heawy pulHtype«etsa powertuiful

1978 Blg Bud with 900 hp 2006: BigX 1000 by KRONE with 1020 hp

Most powertul tractor Most powerful agricultural machine
worldwide worldwide

58,9 t of weight (15.3 hp/t)

14,9 t of weight without header (68.5 hplt)
- Adwarf Il

e

Higher power density  less mass
less fuel consumption
less soil compaction
less resource consumption (material, energy, ... )

- Self-driven instead of pull-type technology for tomorrow !

Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011 A11-07 (32)



Low power automation - sm@llrcxmetss

T

to harvest

% with this technology
& from 50 up to 180 t/ha
&% in a limited time span?

Source: Blackmore, S0 A specification for an autonomous
mechanisation system. Guangzhou (China) 2008




Mini-Robot — the timmtypesobtomorcovwvandrafterfteontomowrdw ?

In the air
(at a virtual rope)

/ Sensors

Intelligent platform type

» Highest maneuverability

= |owest soil compaction

» Self-contained through solar technology and GNSS
Specified to:

* Permanent monitoring

= Cognitive abilities related to part fields and to single
plants

= Mechanical/physical plant protection measures
= Chemical plant protection measures if required

Simple swia) Ones like

= \acuum cleaners
= | awn mowers

- Lets work them twice
or even more times at
the same spot, its only
Important that it does
everything in a certain
time and went back to
the maintenance
station !

Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011
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Mini-Robot — tihe tiwatypesobtomorcovvwandrafteiftontorrowrdw 7

In the air
(at a virtual rope)

/ Sensors

Intelligent platform type
= Highest manel
= Lowest soil co| | Wise only, if

= Self-contained | » Restricted area
Specified to: » Enough time for finishing
* Permanent mqg J| » Specific tasks

= Cognitive abili{ § » High value crops

plants > Selective harvesting
= Mechanical/phl § »

= Chemical planL,

Simple swia) Ones like

= \acuum cleaners
= | awn mowers

- Lets work them twice
or even more times at
the same spot, its only
Important that it does
everything in a certain
time and went back to
the maintenance
station !
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Self propelled farm machinery - yestendayytodamorsoms w

7z e
Q@==1©
Z0/00.0N

1960

Tomorrow ?
Auernhammer, H., Demmel, M. 2010
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Tram line - controliéddrafiidisystermeof 3f 39 millennidom

This is farming of today (not only in Europe) !

$ 5 Y il FITORENTA Behe R

" Well komowreandeppeeiersced by farmers since the 70 ™

® Used fforféettitiziation (2 to 3 passes) and speaying (1 to 2 passes) operations
mainly, sometimes also for harvesting in “skipped passes” (when tram line

distances correlates with multiple harvester workin g widths)

® Less overall sailcaonppattion
® No significant redustionriryigidld

=2 Butt stilborgainizé ibforidddmapapajsplicatieshtechnology wmly P?2?7?
and with'Adistg guidancy sigsteirisd tod 11! ?
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Tram line - controliéddrafiidisystermeof 3f 39 millennidom

This is farmi

=2 Buit stilboygainizé thforidddwspan@ppplicatieshtechnology wily P???
and \wlth“AAwtq tgdﬂhnca'swehtsb tog ! ?
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Tram lines - im grassiamdcprodutiiondoado ?

Cultivation system of today

T

" Up to 40 % lesssss during preparation !

® Soil conppattiomigrgeassidnd not directly to see !

" Also application errors show  lowardigpeeciatiomin gliekhdrdigjuality !
® Driivitegoorilthécfeed is still accepted !

" Also the ,jrsétic oGtarietécihhmpgy* is still accepted !
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Tram lines - im grassiamdcprodutiiondoado ?
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Systematic of Agricultural Robotics

(Auernhammer 2009)

Robotics in

Agricultural Farms

l

Medium & Large —
Robots
(2015) *

Are working as half or
fully autonomous
machine systems at
scalable productivity

Technology available

First applications as
leader-follower systems
in research

l

' !

Mini — Robots
(2015)

Micro — Robots
(2020)

Nano — Robots
(2030)

Are working around
plants from seed to
harvest or in front of
heavy self driven units

Singular solutions exist

Handling of large
masses in short time is
limited

Are working at the plant
to improve health and
growth

First ideas and
applications known

Are working within the
plant to improve health

Future vision

%

|
4

; _

* Expected to be at farm level
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Agenda

Visions from yesterday

First steps in the 80t

Precision Farming in the 90th

Precision Farming in the 15t decade 2000

A critical valuation of Precision farming today

Adoptions to the needs of the farmers

N o o b~ W Db oE

Automation for tomorrow

CO

. Conclustons

Twenty Years of Precision Farming, ACPA2011 © Auernhammer 2011 Al11-07 (42)



Conclusions

Yield sensors- and electronics came up as door-openers for Precision
Farming in the early 90th

Electronic.controllers - for precise application in fertilizer spreaders and
sprayers are today state-of-the art

ISOBUS would guarantee standardized electronic communication but is still
not in use on farm level for some reasons

Site-specific.application . still suffers due to poor adoption to the needs of
farmers, but real-time application systems are greatly accepted and mainly
used by contractors as well as by large farm units

As far as precision farming is more than site-specific treatment farmers
prefer auto-guidance: systems to gain comfort through automation and fast
return of investment

Automation and alternative energies - will gear agricultural mechanisation
after handwork, animal draft and mobile crude oil power into a new age

Precision farming - then will really come to the farm level if science and
iIndustry are willing and able to cope the new challenges
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