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Silage-making grand challenges

Climate change impacts on harvest timing and fermentation reliability.
Emission reductions across the entire forage supply chain.
Sustainability in energy, and materials.

Economic viability under market volatility.

Technological adoption for automation and real-time quality control.



Advancements across silage making



Automation

Sensors

/O

What would it take to build an autonomous forage
harvester—and how far have we come?




State of Technology — Forage Harvesters



Conveyance

Crop Processing

Metering

Size Reduction

State of Technology — Forage Harvesters



State of Technology — Forage Harvesters




What’s needed?

0 9 N D B W

When to harvest

Machine Setup, Maintenance
Navigation and Guidance

Throughput Management

Quality of Job Done

Coordination with wagons and trailers
Safety and Compliance

Connectivity and Data Management

The Demeter System for Automated Cutting, 1997



Let’s check our progress!

d ,S — satisfactory
~~ ,P — progress

™, O— opportunity



Scenario 1 (A&B): Estimating missing neighboring field yield data (same year).
Scenario 2 (B&C): Estimating missing year field data (same field).
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1. When to harvest - Remote Sens. 2024,16(21),4081

Feature selection
(Boruta)

Import full data '

Feature = 10

Train ML model |

(Random forest)

Obtain feature
importance

)
Remove the least
important feature

B e Jorrereeseaennes

Machine learning
(Extra tree regressor)

v

()

@ ' @
e o W g a
®© 00 0 ) ¢ 00 @

Y r
[ Prediction 1 | [Prediction 100

| Average all predictions |

Final prediction

Scenario 1

F('

’-r\’ X
*v?‘fwsf

'{ "l
¥

-

RMSE =6.36 Mg/ha

Yield (Mg/ha)
W <45

O 45-50
[150-55

O 55-60

M >60

Scenario 2

RMSE =5.51 Mg/ha

Yield (Mg/ha)
B <60

[ 60-65
O65-70

O 70-75

B =>75




Weather Forecast
(temp, humidity, precip, wind, ...)
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A Web-Based Platform for Decision-Making Support in Alfalfa

1. When to harvest — NIFA AFRP Project 2021-70005-35694
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~ P — progress

Improvements in model ";. 2
generalizability are needed. : 4

~

Sensors 2024, 24(5 ), 1397

1. When to harvest



.4 Lubrication

.4 Knife sharpening
M Condition monitoring

N Maintenance

2. Machine setup
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2. Machine setup — COMPAG Volume 217, February 2024, 108556




N O- Opportunities

Machine condition
monitoring 1s a major gap.

2. Machine setup



Guidance v By N B & I

3. Navigation and Guidance



~ P — progress

There 1s good progress m this
area. Model development and
validation in the field
environment are ongoing.

3. Navigation and Guidance
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4. Throughput Management
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4. Throughput Management — DLG 6283F




Chbody angle

® Rock detection

CROPSTOP Radar

® Metal detection

® Blockage detection

4. Throughput Management — DLG 6283F



7 P — progress

These autopilot features
will add value to current
systems and will also
serve as key enablers for
autonomy.

4. Throughput Management
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5. Quality of Job Done — Computers and Electronics in Agriculture 190 (2021) 106469
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(d) 2017 model. (e) 151617 model.
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5. Quality of Job Done — Corn Silage processing Score - Sensors 2019, 19(16),3506

(d) 151617 model.
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6. Coordination with wagons and trailers
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6. Coordination with wagons and trailers - Computers and Electronics in Agriculture, Volume 198, July 2022,107005




6. Coordination with wagons and trailers — Mixed fleet challenge.




N O- Opportunities!

Coordmation with over-the-
road vehicles will pose a
significant challenge.

6. Coordination with wagons and trailers.
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7. Safety and Compliance — ASABE Paper Number: 2300757




N O- Opportunities!

More needs to be done to
understand how vehicle safety
systems will perform in the
field environment.

Sensors 2017, 17(11), 2579

7. Safety and Compliance
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8. Connectivity and Data Management
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\ Basildon, May 15, 2025
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8. Connectivity and Data Management




Uantage \{\‘W“al LR LN TR T T T R T T R T S AT ek
=

Trcontrol aMA@HNE m BEI}"!.?“D A
~ P — progress BUnbe  casEd cososys g\ em  gENDT
. . sz GRIMME @
@dustry has made 81gn1ﬁcar.1t o e (VY mm b
investments, but there remaimns o snop
T 1 C | xmome camen B
a gap in interoperability. o — e
ProFlurd mﬂmmm porrglﬁsen m m"’:'!‘l & JoinData
it STEYR Tecnoma @ WVINETRA “Lacos

8. Connectivity and Data Management



Report Card

Overall:
1. When to harvest

2. Machine setup, maintenance SlgnlﬁC ant progress toward

3. Navigation and guidance autonomy over the last decade

4. Throughput management

Near-term mvestments will
reduce specialized traming and
operators while improving
safety and quality of life.

5. Quality of job done
6. Coordination with wagons
7. Safety and compliance

8. Connectivity

Report Card
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lllustration generated using OpenAl’s DALL-E via
ChatGPT, customized for conceptual visualization.

Thank you for your curiosity and attendance!
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