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Abstract: Close—range sensing observes objects at target—to—sensor distances ranging from contact or non-
contact short range up to several hundred meters or more. It delivers high—resolution, multi—-dimensional
sensing capabilities through flexible and deployable platforms, enabling robust adaptation to diverse envi-
ronmental conditions. In addition to enabling detailed characterization of the observed targets, close-range
sensing provides a critical bridge between ground-based measurements of real-world conditions and obser-
vations from airborne and satellite remote sensing platforms. Over the past three decades, rapid advances in
terrestrial, mobile, and unmanned aerial vehicle platforms, coupled with innovations in light detection and
ranging, multispectral, hyperspectral, and thermal infrared sensors, together with the development of arti-
ficial intelligence—based information interpretation methods and the expanding application scenarios, have
propelled the rapid development of close-range sensing. The observation approaches are transitioning from
static, single—source, single—temporal, and manually operated observations toward mobile, multi-source,
continuous, and autonomous sensing paradigms. In parallel, an integrated ecosystem of hardware, soft-
ware, and applications has been established, spanning sensing platforms, advanced sensors, multi—source
data fusion, information extraction and interpretation, quantitative retrieval, change detection, and do-
main—specific applications. In forest environments, close—range sensing acquires structural, spectral, and
temporal information at the plot, tree, branch, and leaf levels, enabling quantitative characterization. It
supports accurate retrieval of forest parameters, monitoring of growth dynamics, and mechanistic investiga-
tions of ecological processes. And it has been widely applied to forest resource monitoring, carbon sink
quantification, forest health assessment, biodiversity assessment, and intelligent forest management. Cur-
rently, close—range sensing of forest environments is still facing several challenges, including incomplete
observations, limited interoperability among multi-source data, the lack of unified data and evaluation stan-
dards, weak cross—regional generalization capability, and error propagation across scales. This paper over-
views the development of close-range sensing of forest environments, summarizes current research prog-
ress and the state—of-the—art, and analyzes key challenges from hardware, processing, and application. Fu-
ture research should place greater emphasis on observation completeness, standardization of implementa-
tion procedures, and cross—platform and cross—regional transferability. Autonomous sensing and artificial in-
telligence should be further integrated to develop a new forest monitoring framework characterized by com-
prehensive observations, reliable information extraction, and mechanism-informed understanding.

Key words: close—range sensing; forest remote sensing; multi—source observation; data fusion; parameter
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