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GPS and Precision Steering

Hands-free vehicle steering continues to gain momentum

Some examples of the customer value proposition
— Runs day, night or in fog — No need for expémnesiced
— Reduces costs due to overlap — Improves yields

— Enables precision farm practices such ds strip-til
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Why Implement Steering?

* Vehicle steering alone can be insufficient

— Side hills, curved paths, and soil conditions can cause the path of the
implement to deviate from the path of the vehicle

 The growing trend toward larger, heavier
Implements exacerbates this problem



Why Implement Steering?

Side-hill implement drift “Walking” in variable soils Tracking plant beds

« Commonly recognized e« Important application or minimume-till rows
source of drift « Strong interest in
 Desirable for tires and potatoes & bedded
implement to track crops
existing rows *Used in Australia for

inter-row sowing



Why Implement Steering?

Towed implement on a rough side hill - RTK vehicle steering only
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Implement Steering Benefits

Precision planting Hill with the Cut input costs — Harvest without
sets pattern for year same AB lines band-spray fungicide crop damage

-

Reduce crop damage, increase vyield,
minimize costly herbicide and pesticide applications.
Payback in less than one year!




History of Implement Steering

 Ground-based sensors, such as Orthman Tracker
— Active implement steering solution
— Ground or crop sensor used to follow an existing row



Original Orthman Implement Steering Solution
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Feedback Sensor
coulter angle

Steering Valve
with hydraulics

Probe Box can be
Problematic

- Requires a furrow
- Can “skip out”
- Easily damaged



History of Implement Steering

 AFTracker (February 2006)

— First GPS-based implement control system

— Combination of Orthman and AutoFarm products

— Eliminates the need for troublesome ground sensor
— Able to steer accurately without a ground reference
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Implement Steering with GPS

» GPS antenna — NEW! (in 2006)




Initial Product Configuration

Tractor
Cab

L0

(NEW) 2 Displays and
2 Controllers in the cab

Lift Switch

implement up/down
sensor

GPS

Probe Box (REMOVED)

ground sensor

(NEW)

Antenna

Implement I I

=

Steerable Coulters
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Feedback Sensor
coulter angle

Steering Valve
with hydraulics



History of Implement Steering

 Generation 2 AFTracker (February 2008)

— Eliminated redundant controllers in the cab

— Direct Vehicle Actuation (DVA) works with multiple
Implement steering interfaces (steerable wheels, etc.)
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Direct Valve Actuation (DVA)
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Active Implement Steering

e The implement position Is
affected by 2 primary inputs
— Active steering device
— Vehicle position
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Active Implement Steering — Technical Results

e Step responses and disturbance rejection
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Passive Implement Steering
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Passive Implement Steering
— steering the tractor to position the implement
— No coulters or steerable wheels on the implement

Vehicle misalignment and “overshoot” reactions
can cause damage to existing crop

The tractor Is fundamentally slower to react than a
steering mechanism on the implement

The geometry between the implement and vehicle
IS constantly changing

— This is like steering through your rear view mirror



Passive Implement Steering

e The implement position Is
affected by 2 primary inputs
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Passive Implement Steering

 Response is limited by vehicle physics

— Impacted by vehicle speed, etc. — but fundamental to
the dynamics of a non-colocated control input
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Other Considerations: Tilt Compensation

e AutoFarm directly measures roll with multi-
antenna GPS receiver

o AutoFarm exclusive “look-ahead” position-based
tilt correction passed from vehicle to implement

!
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orientation

\ Implement

orientation
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Summary

 GPS-based implement steering delivers the next
level of automated steering performance

* Implement steering provides benefits where
vehicle steering is not sufficient
— Side hills
— Tracking plant beds or minimum till rows
— Walking in variable soils

e Passive implement steering has limited utility for
most applications — slow response, crop damage
— Limitation based on physics, not software algorithms
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Thank you!



