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Steering of a seeding process with
a multi-sensor system
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FIG Rom, 08.05.2012 Folie 2TS06G, Steering of a seeding process with a multi-sensor system (5820)
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importance of agriculture

Energy consumption

FIG Rom, 08.05.2012 Folie 3TS06G, Steering of a seeding process with a multi-sensor system (5820)

Source: US energy information 
administration, july 2010

importance of agriculture

FIG Rom, 08.05.2012 Folie 4TS06G, Steering of a seeding process with a multi-sensor system (5820)

Source: International Energy Agency, 2009
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importance of agriculture

Changed dietary habits

FIG Rom, 08.05.2012 Folie 5TS06G, Steering of a seeding process with a multi-sensor system (5820)

 + 30%

importance of agriculture

Changed dietary
habits

FIG Rom, 08.05.2012 Folie 6TS06G, Steering of a seeding process with a multi-sensor system (5820)
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Food crisis

FIG Rom, 08.05.2012 Folie 7TS06G, Steering of a seeding process with a multi-sensor system (5820)

[%]

Wheat 75

Sorghum 88

Beans 48

Rice 17

maize 73

Change in price
June to December

2010

Total population
(millions)

Poverty rate 
change (millions)

Low-income countries 828 9,5

Midle-income
countries

4.758 34,1

total 5.586 43,7

Poverty line: 
1,25$ per 
person per 
day

the world bank,
food price watch 2011

importance of agriculture

conclusion

FIG Rom, 08.05.2012 Folie 8TS06G, Steering of a seeding process with a multi-sensor system (5820)

• Increasing world population

• Increasing energy consumption

• Increasing biofuel

• Change in dietary habits

• Decreasing arable land (desertification, …)

 Increase of efficiency necessary
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Sugar beet

FIG Rom, 08.05.2012 Folie 9TS06G, Steering of a seeding process with a multi-sensor system (5820)

weed control sugar beet

FIG Rom, 08.05.2012 Folie 10TS06G, Steering of a seeding process with a multi-sensor system (5820)

Economic

reasons

Ecological

reasons

Decreasing number of

approved substances

Reduction of or alternatives to the use of herbicides in precision agriculture

Mechanical hoeing

DFG-project of Position Steered Seed Deposition

Changed demands

of consumers

Neophytes

of weeds
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mechanical hoe

FIG Rom, 08.05.2012 Folie 11TS06G, Steering of a seeding process with a multi-sensor system (5820)

Areas in a row crop field Conventional hoe [Hatzenbichler]

No problem: Inter-row area (~ 80% of the area)

PROBLEM: Intra-row area

• longitudinal and lateral 
rows

• knowledge of each crop 
plant position

• seed map

• automated phenotyping
techniques

• autonomous robotic 
weed control

• intra-row weeding

objective

controlled seed 
deposition

absolute reference spacing

FIG Rom, 08.05.2012 Folie 12TS06G, Steering of a seeding process with a multi-sensor system (5820)
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seeding machine

FIG Rom, 08.05.2012 Folie 13TS06G, Steering of a seeding process with a multi-sensor system (5820)

Seeding
heart

spacingKverneland Monopill SE (Kverneland)

TS06G, Steering of a seeding process with a multi-sensor system (5820) Folie 14FIG Rom, 08.05.2012

Theory, Methodology und Modelling• Implementation in form of a special filter approach and a realisation of 
measurement acquisition

• Standard deviation with 1 cm at a velocity of 1,5 m/s under field conditions

Multi-Sensor-

System

Inertia of

Sowing Machine

Kalman-Filter

Smoothing of real-time positions

approach
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configuration

mobile platform
sensors

Control system

NMEA UTM Ethernet TCP

Compact Rio

GPS Leica System1200

host

Inc

PPS

Laptop PC

actuator

set

feed back

Bosch DRS-MM 1.0

yaw rate

U Omg

Sick DFS60B

distance

position

stepper motor driven 
rotating marker

FIG Rom, 08.05.2012 Folie 15TS06G, Steering of a seeding process with a multi-sensor system (5820)

configuration

measurement and control hardware

motion step

odometer

motion feed back

GPS PPS

yaw rate sensor

GPS NMEA UTM

host

D0/D1

D2

D3

A0

Com1

LAN D5

NI cRIO 9014 NI 9870 NI 9215 NI 9401NI 9215

SMB

input

output

in/out

NI  9104

FIG Rom, 08.05.2012 Folie 16TS06G, Steering of a seeding process with a multi-sensor system (5820)
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configuration

FIG Rom, 08.05.2012 Folie 17TS06G, Steering of a seeding process with a multi-sensor system (5820)

Host Windows PC 
easy programming
no real-time
visualisation
operation
data logging

cRio 9014 Rtos
mltitasking
limited performance
complex calculations
easy diagnosis
no visualisation

cRio FPGA
complex programming
time deterministic
parallel processing
fast
only fixedpoint calculation

control and operation

visualisation
settings

diagnosis
simulation

data logging
calibration

data

acquisition

GPS
yaw rate
distance

position and 

orientation

sensor fusion
death reckoning

setpoint  

value

absolute reference
setpoint speed
setpoint  angle

motion control

speed  Forward control
angle PI control

real-time calculation process

position calculation

x
y

estimated
position and
orientation

sensor data

t

yaw rate

odometer

t

ω

s

GPS

t

x
y

sensor  
fusion

Kalman-filter

dead-
reckoning

t

PPS-Puls

position

t

x
y

GPS +
dead-reckoning

GPS

INS

trigger

kHzPPS

FIG Rom, 08.05.2012 Folie 18TS06G, Steering of a seeding process with a multi-sensor system (5820)
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real-time calculation process

system and measurement 
equation
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FIG Rom, 08.05.2012 Folie 19TS06G, Steering of a seeding process with a multi-sensor system (5820)

real-time calculation process

dead-reckoning

dist = Ax + By + C

set FPGA: phiMotion, omegaMotion

mdist = modul(dist, Spacing ) 

spacing , A ,B, C

get: x, y

phi = 2Π * mdist / Spacing

omega = ddist * DPhi / DSeed

ddist = (dist-distold) / dt

distold = dist

while ms

while ms

read FPGA: UOmega, nEncoder

PPS?
true false

get: xe, ye, phie

calc: dphi = f(UOmega)
ds = f(nEncoder)

Δphi += dphi
Δx += ds cos(phi)
Δy += ds sin(phi)       Δs += ds

ΔphiOld = Δphi
ΔxOld = Δx
ΔyOld = Δy
Δphi = Δx = Δy = Δs = 0

set:x, y, Δphi, Δs

phi = phie + ΔphiOld + Δphi
x   = xe + ΔxOld + Δx
y   = ye + ΔyOld + Δdy
calc: set value
phiMotion, omegaMotion = f(x, y,) 

log: UOmega, nEncoder, x, y, ...

set FPGA: phiMotion, omegaMotion

02,1 =+⋅+⋅⇒ CyBxAPP

CyBxAdist kkk +⋅+⋅= )()()(

setpoint value

FIG Rom, 08.05.2012 Folie 20TS06G, Steering of a seeding process with a multi-sensor system (5820)
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real-time calculation process

closed loop control

feed forward

measurement

set point value 

deviation correcting

feed back

proportional

integral limiter

+

-

+++

+

regulator

plant

adjustment

controlled 
variable

Limiter

• PI-controller with feed forward

• motor angle feed back

FIG Rom, 08.05.2012 Folie 21TS06G, Steering of a seeding process with a multi-sensor system (5820)

• speed 1m/s

• track length 18m

• spacing 1m

• 180 points

• diameter 5mm

test and results

experiment

seeding map with motion path in UTM coordinates

host application with actual position, 
track and seeding positions

FIG Rom, 08.05.2012 Folie 22TS06G, Steering of a seeding process with a multi-sensor system (5820)
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• surveyed with a Leica total station and prism pole

• eccentricity forward and backward track direction

• standard deviation less than 1cm was reached

test and results

result

FIG Rom, 08.05.2012 Folie 23TS06G, Steering of a seeding process with a multi-sensor system (5820)

conclusions and outlook

FIG Rom, 08.05.2012 Folie 24TS06G, Steering of a seeding process with a multi-sensor system (5820)
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• the National Instruments hardware and software concept 
gives an opportunity to develop complex and fast 
measurement and control applications

• it is possible to process the position with high accuracy 
just in time with a reliable RTK-GPS position and low 
cost inertial sensors in a Kalman filter

• a standard deviation of less than 1cm was reached so 
that it is possible to create lateral rows in the field for the 
weed control like intra-row weeding

• development system gives the opportunity to create 
additional applications like taking precise georeferenced 
photos of defined objects with orientation

conclusions and outlook

FIG Rom, 08.05.2012 Folie 25TS06G, Steering of a seeding process with a multi-sensor system (5820)


