Image-Based Deep Learning for Crop Type Discrimination
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ABSTRACT

This research develops a multimodal deep learning framework to

accurately identify crop types for agricultural monitoring and o
sustainable land management. It integrates Sentinel-1 radar, X ¢l S
Sentinel-2 multispectral imagery, AlphakEarth embeddings, DEMs, | oo
soil properties, and weather data. By fusing these data sources, -.L ™ La o) :.,;’; . .
the framework improves crop classification accuracy, robustness, " L Wew " dand ¥ e M
and scalability across diverse Australian agricultural landscapes. i gt f DAL T |
It supports growers, researchers, and policymakers through | | ,:: -
improved crop mapping and data-driven decision-making. Data T m g e {
assets initiated under CropPhen (UOQ2002-010RTX) and the R ""Em L
ARC Linkage CropVision project (LP190100240). A

Crop composition (fields) and evaluation area
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1. Introduction - 7 2
Crop type prediction across Australian agricultural regions, .
seasons, and years faces two key challenges: spatial and i o os o oo

temporal generalisation. A multimodal geospatial AI framework
will fuse Sentinel-1/2 imagery, AlphaEarth embeddings, DEM, soil,
and weather/climate data through a cross-modal transformer with
reliability-gated fusion, keeping predictions robust when
observations are missing. Deliverables include an automated data
ingestion platform, an integrated multimodal dataset, an Al

Training: 591 fields (84.91%) - 59,003.2 ha | Validation: 105 fields (15.09%) - 9,388.9 ha

Total: 68,392.2 ha - Five retained crops - Seed 42 - Field/site-disjoint split - No test split
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foundation model, and decision-support tools, with uncertainty o
/ ! —e— Validation 1.6 -
estimation supporting scalable, reliable predictions.
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3. GeoFusion Data Downloader

(a) Validation balanced accuracy increased over 19 epochs,

f_% —0— 60— 0 00— 0 approaching 75%. (b) Training and validation cross-entropy losses

Field polygons Catalogue Satellite and Field-season QA and Verified . . .
and windows Context acquisition integration publication Archive decreased, with a widening gap between the curves.

Row=normalised confusion matrices at the best checkpoint show
balanced accuracies of (c) 74.96% at the tile level (h=1,115) and (d)

- Q 78.20% at the field level (n = 105). Misclassification occurred
primarily between barley and wheat. Cell annotations indicate
Raw agricultural Build catalogues of Acquire satellite Integrate and standardize Validate quality Archive publication Wi t h IN-C l-a SS p erce nta ge S dn d Sam p le cou ntS .
paddock polygons fields and regions observations and all data into a self- and integrity, verified and ready
and crop labels and define reusable ancillary context contained field-season then publish for discovery and
spatial windows data Zarr store atomically benchmarking 6 f
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