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Method for Fusion Analysis of In-situ Field Phenotyping Data Based on
Surrounding Unmanned Vehicle Phenotyping Platform and
Homologous Sensor Arrays
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Abstract; High-throughput and precise acquisition and analysis of crop phenotypic information are
fundamental components of modern agricultural breeding and precision cultivation systems. However,
traditional manual measurements in complex field environments are limited by low efficiency, high labor
intensity, and strong subjectivity, making it difficult to meet the growing demand for large-scale, multi-
trait, and time-series phenotyping. To address these challenges, an in-field phenotypic data fusion and
analysis method was proposed based on a ring-shaped unmanned vehicle phenotyping platform and a
multimodal homogeneous sensor array. The platform integrated multiple homogeneous sensors, including
RGB and depth cameras, enabling multi-angle and three-dimensional in situ crop observations.
A systematic multi-source heterogeneous data fusion workflow was designed, consisting of image
preprocessing, depth information extraction, 3D reconstruction, temporal tracking, and feature analysis,
to achieve accurate extraction and dynamic reconstruction of key phenotypic traits such as plant height,
canopy structure, and spatial distribution. Field experiments were conducted on maize plants at multiple

growth stages. The results demonstrated that the proposed platform can stably and continuously acquire
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high-quality multimodal phenotypic data. The reconstructed plant height measurements showed a high
correlation with manual measurements, with an average error within 5 c¢m, verifying the accuracy and
robustness of the method. Compared with conventional single-view or mechanically rotating observation
methods, the proposed platform exhibited superior adaptability to field environments, allowing rapid
deployment and efficient operation, thereby providing an effective technical foundation for large-scale in-
field phenotyping. Furthermore, the platform’s advantages were discussed in terms of portability,
scalability, timeliness, and automation, and envisions future developments toward embodied intelligence
and autonomous phenotyping. The proposed ring-type unmanned vehicle platform and multimodal data
fusion method can provide a high-throughput, low-disturbance, and scalable technical solution for in-field
crop phenomics, supporting modern crop breeding and precision agriculture.
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Fig.1 Circular unmanned vehicle platform structural diagrams
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Fig.2 Working scenario for omnidirectional

unmanned vehicle platform during corn field trials
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Fig.3 Schematic of distributed deployment and daisy-chain
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signal synchronization for distributed homogeneous sensor arrays
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Fig.4 Distributed data transmission and signal

transmission architecture diagram
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Fig.5 Distributed homogeneous sensor array
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Fig.6  Actual observation images captured by omnidirectional

unmanned vehicle platform at different angles in field
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Fig.7 Field-based 3D reconstruction results using

unmanned vehicles for data collection
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Fig. 8 Comparison of measured and predicted

plant height values at different growth stages
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Tab.1 Sources of error in plant height measurement

and quantitative analysis
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Tab.2 System calibration and acquisition error analysis
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