Learning county from pixels: Corn yield prediction with
attention-weighted multiple instance learning
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Introduction "Mixed pixel"” problem Pipeline: multiple instance learning for county imagery
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* This study was designed to (1) examine each county at the pixel level and LOlsekizes  snalislimaey  Fuek Bag AT GO Yield

apply multiple instance learning to leverage detailed information within a
county. (2) solve the "mixed pixel" problem by employing attention
mechanism to automatically assign weights to different pixels, which can
mitigate the influence of mixed pixels.

Figure 4. Pipeline of our method
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. . . . 2019 086 1.18 1.46 1.45 1.60 2019 0.74 051 0.26 027 0.10
C .. Figure 2. Illustration of ""'mixed pixel'" problem 2020 0.87 1.35 153 181 141 2020 0.67 0.20 -0.02 -0.42 0.13
Data Acqu1s1t10n . L. : : 2021 0.86 1.16 1.78 204 1.08 2021 0.77 0.60 0.05 -0.24 0.64
* MODIS dataset: satellite imagery with 500m resolution. 2022 088 107 135 118 1.19 2022 0.85 0.73 065 073 0.73
* CDL mask: Crop mask with 30m resolution. ' . | |
Mixed pixel: One MODIS pixel contains both crop field and other land Figure 5. Model evaluation results in 2018-2022. We show their RMSE and R? in each year.
types, which may introduce some noise into predictive model. * The results show that our approach outperforms all other methods across all
years and metrics.
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« Study area: Twelve corn belt states in the United States, including North * Our (o) || it
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Missouri, Kansas, Nebraska and Michigan. *  Baseline conward N P N N> (a) RMSE (b) R?
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Satellite data: Three Vegetatlon indices including Gre.en Cholorophyll Index N Add & Norm Figure 6. RMSE and R? in in-season county-level corn yield prediction in 2022.
(GCI), Enhanced Vegetation Index (EVI), and Normalized Difference Water Random forest Add & Norm Masked
Index (NDWI). Linear regression h{IAulti-Head Multi-Head
. . ttention Attention
 Weather data: Daily mean air temperature (Tmean), maximum air Ridge regression i J i J
temperature (Tmax), minimum air temperature (Tmin), maximum Vapor - J \ 2 , , , ,
Pressure Deficit (VPDmax), minimum Vapor Pressure Deficit (VPDmin), Evaluation metrics: Positional @_@ & Positional * MIL 1s employed .tO leverage the PIXCI'I?VGI remote sensing ol.)servatlo.ns,
and total precipitation (PPT) . Encoding 1 Encoding resolve the conflict between computational resources and information
] ] ) ] ] . ) " Input Output : : _ : : : _
* Soil data: Available Water Holding Capacity (AWC), Soil Organic Matter RMSE — \/ D i1 (Ui — U:)? Embedding Embedding ilntegrlty, anFl address the lack of finer-grained yield records for pixel-level
(SOM) and Cation Exchange Capacity (CEC). n ] ] ata processing.
*  Other data: 5-year historical average yield and years. Zf(» (v — 9:) Inputs Outputs * To tackle the mixed pixel problem caused by inconsistent resolutions among
R:=1-— 1=1 S > (shifted right) feature datasets and crop mask, an attention mechanism is incorporated to
> i1 (Yi — Y) Figure 3. Attention module assign weights to pixels, thereby enhancing prediction accuracy.
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