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Problem Statement

• Producers, custom harvesters, and nutritionists are often at 
odds in regards to sufficient kernel processing
• Current assessment is either subjective or too late

• Silage cup is only a visual assessment
• Laboratory Ro-Tap™ Sieving happens post harvest

• Can we produce a repeatable method to provide interested 
parties with an in field assessment during harvest?
• Could Image Processing methods be used to assess 
particle size of corn kernels in chopped and processed 
silage?
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Current Assessment Methods
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Methods

• Corn silage samples collected at Arlington Ag. Research 
Station in 2015, 2016, and 2017.
• Claas 940 Jaguar Chopper
• Shredlage crop processing rolls
• TLOC set to 1.9 cm
• 8 row silage head
• KP Roll Gaps of 1, 2, 3, and 4 mm
• Samples tested as fresh, dry, and post sieved (600 ml)

• Sieve used as “gold standard” for comparison
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Image Analysis Methods

• Image taken

• Denoised -> grayscale

• Maximally stable external regions
• Distinguish kernel from background

• Hough transform
• Find the largest object and measure

• Contours to compute the area of 
kernels

• Maximum inscribed circle diameter
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Image Analysis Methods
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Image Analysis Methods

• Calibration Images
• Objects of known size in the image

• Verified with Mitutoyo Calipers

• Accuracy of ± 0.025 mm (± 0.001 
in)

• Calibration disc @ 1.5 in used to 
determine pixel size within image

• Various camera angles tested for 
effect of particle size measurement.

• Camera closer = better results
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Camera 
Height (m)

Estimate 
(mm)

Standard 
Error

Letter 
Group

0.4 6.01 0.04 A

0.6 5.62 0.04 B

0.8 5.19 0.04 C



Image Analysis Methods
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Image Analysis Results

Processor Gap Sample

Percent under 4.75 mm

Image analysis Sieve

wet dry sieved dry 

1 1 68.6 79.4 82.1 80.9

1 2 76.9 83.1 85.5 82.9

1 3 78.3 84.9 86.7 84.5

2 4 71.1 79.2 79.0 71.9

2 5 72.6 84.4 86.5 84.5

2 6 69.1 77.6 80.0 71.2

3 7 69.2 79.3 82.9 77.3

3 8 68.1 78.6 80.0 79.2

3 9 69.1 77.9 80.2 75.0

4 10 55.7 73.1 74.7 65.2

4 11 63.7 74.7 75.7 62.6

4 12 59.0 70.3 73.1 61.2
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Image Analysis Results

• Many, many, MANY more images are being collected as we 
speak

• Increase the accuracy and determine offset of the image 
analysis algorithm

• Converted image analysis methods into smart phone 
application

• SilageSnap

• Release early 2018!
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SilageSnap!

• Collect a sample (built on 600 ml samples)
• Water separate the sample as best you can

• Not as easy when the samples are wet

• Spread the kernels out on a dark background
• Any foreign matter will be considered a kernel, so the cleaner 

the better

• Place the coin in the center of the image
• Ensure that no kernels are touching (as best you can)
• Take the picture!
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Image Analysis Shortcomings

• Foreign material, paint scratches, anything else in the image 
will be counted
• Lighting is somewhat important

• Glare will be considered a large particle

• Particles that are touching can be counted as one particle

• Still working on what processing level is “good enough”
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Future Work

• Image analysis compared to 
cow digestion

• Working with Dr. Shaver to 
compare different roll 
settings

• Correlation to image 
analysis results

• What do we gain?
• Higher milk production?
• Reduced fuel usage?
• Reduced machine wear?
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KPS Recommendations
• Check often!

• By any means, not just image processing

• Train all people involved in the harvest process to look for 
large kernel pieces in the silage.
• Maintenance, Maintenance, Maintenance!

• Bearings hot, worn rolls, etc.

• Adjust often
• Replace worn rolls sooner rather than later to maintain 
adequate KPS!
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Questions?
Brian Luck
Biological Systems Engineering
bluck@wisc.edu
@BLuck_BSE_UW
(608) 890-1861
wimachineryextension.bse.wisc.edu
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