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Fig. 2 The development trend of uncertainty analysis and

quantification of pixel scale reference in validation
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Fig.3 The error traceability in the whole chain of remote

sensing and the quality upgrade of satellite products
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Abstract: Validation, inversion, and scale problems have been listed as the three major scientific problems in quantitative remote sensing.
Validation serves as a crucial foundation for reflecting and revealing the errors in remote sensing algorithms and products. It is also an
important guarantee for the continuous improvement of remote sensing product quality. After nearly 40 years of development, validation has
received widespread attention in the international remote sensing community. Thus far, the theory and methods of validation have become
relatively mature, and an increasing number of practical validation works have been conducted. This scenario has played a wide role in
clarifying the error distribution of remote sensing products, thereby iteratively improving the quality of remote sensing products and
promoting the application benefits of remote sensing products. However, given the development of remote sensing science and technology,
the connotation of validation should not be limited to assessing the accuracy of remote sensing products. The in-depth expansion of various
macro and micro applications related to geography objectively promotes the proactive and systematic global analysis of various uncertainties
in the entire process of remote sensing information from data acquisition to application from the perspective of remote sensing science and
technology disciplines. As a result, the technological conditions and advantages of the era are linked, and the iterative space observation
capabilities are improved. With 40 years of academic accumulation, particularly the development of remote sensing product validation
technology, the theory, method, and technology of validation have evolved into a comprehensive system from traditional comparative
analysis based on statistics to simulation validation grounded in physical models. At present, we have the validation capability for the whole
chain of remote sensing, including quantitative remote sensing mechanism model validation, satellite imaging data calibration, remote
sensing data product assessment, application effect evaluation, and even remote sensing observation theory and methods. However, remote
sensing information has multidimensional characteristics of time, space, spectrum, and events. In previous research, validation techniques
and methods were developed for various stages, including primary data product processing, model/algorithm evaluation, production, and
application. However, these stages were merely linked through simplistic, rigid input-output relationships. The correlations and inheritance
of uncertainties across these stages were not explored. This rigid model overlooked the intrinsic connections and mutual influences among
various stages. Thus, validation was often limited to individual stages rather than addressing problems systematically as a whole. Merely
“evaluating” the accuracy and uncertainty of remote sensing products is far from sufficient because the ultimate goal of validation is to
enhance further the quality of remote sensing products. Systematically reorganizing the connotation, methodology, and output of validation,
as well as forming a working mechanism for interdisciplinary cooperation within and across disciplines, is necessary to enhance remote
sensing spatial observation capabilities systematically through validation. This study provides a new interpretation of the concept and
connotation of validation, analyzes and summarizes the current status of methods and technological development, and examines the key
challenges that urgently need to be overcome in validation at present. Finally, this study provides a view of the specific ideas and
development prospects of validation in the future.
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