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Abstract

This work presents a methodology for acquiring and processing long-wave infrared (LWIR) hyperspectral mea-
surements of native Brazilian vegetation using a Telops Hyper-Cam Mini imaging spectrometer (7.5–12.4 m). The ap-
proach combines radiometric verification with a calibrated blackbody source, atmospheric correction based on HITRAN
simulations, and radiative transfer inversion to retrieve leaf reflectivity spectra. Validation experiments demonstrated good
agreement between measured and modeled radiance, particularly at 0.5 cm¹ spectral resolution. Measurements of four
native Cerrado species revealed distinct spectral signatures despite low reflectivity values (<0.10). The results demonstrate
the feasibility of LWIR imaging spectroscopy for vegetation characterization, spectral library development, biodiversity mon-
itoring, and future airborne and satellite remote sensing applications.

1. Introduction

Monitoring native vegetation is essential for biodiversity conservation, ecosystem assessment, environmental
management, and climate-related studies [1]. Reliable spectral information is a key requirement for these activities, sup-
porting species identification, vegetation mapping, ecological monitoring, and the development of remote sensing products.
However, the acquisition of representative spectral signatures remains a significant challenge, particularly for highly diverse
ecosystems where available spectral databases remain limited.

Most vegetation spectral libraries have traditionally been generated using laboratory spectrometers designed for
point-based measurements. These instruments provide highly accurate spectral information and have significantly con-
tributed to the understanding of vegetation optical properties. Nevertheless, point measurements provide limited informa-
tion regarding spatial variability within leaves and plant structures. In addition, the resulting datasets differ substantially
from those acquired by airborne and orbital imaging systems, which constitute the ultimate target platform for many remote
sensing applications.

Hyperspectral imaging systems offer an alternative approach by simultaneously recording spectral and spatial
information. Beyond the acquisition of spectral signatures, imaging measurements enable the investigation of radiomet-
ric contrast, spatial heterogeneity, and scale-dependent effects under acquisition conditions that more closely resemble
those encountered in future airborne and satellite observations. Consequently, hyperspectral imaging can provide a more
representative experimental framework for developing methodologies intended for remote sensing applications.

In the thermal infrared (TIR) region, hyperspectral measurements are particularly attractive because the measured
radiance depends on the spectral emissivity, reflectivity, and temperature of the observed target [2]. These quantities are
influenced by leaf composition, structure, water content, and surface properties. Previous studies have demonstrated that
compounds such as cellulose, lignin, cutin, waxes, silica, and water produce identifiable spectral features in the thermal
infrared, enabling vegetation characterization and species discrimination [3] [4].

Recent initiatives such as the NASA/JPL ECOSTRESS spectral library have considerably expanded the availability
of thermal infrared vegetation spectra measured under controlled laboratory conditions [5, 6]. The database contains
hundreds of vegetation samples and has become an important reference for thermal infrared remote sensing studies.
Examples of vegetation spectra available in the ECOSTRESS database are presented in figure 1. Although the observed
spectral differences are often subtle, they demonstrate the existence of species-dependent thermal infrared signatures that
can potentially be exploited for vegetation monitoring and classification.

Despite these advances, available thermal infrared spectral libraries remain dominated by species collected pri-
marily in North American ecosystems, while the representation of Brazilian native vegetation is still limited. Furthermore,
most reported measurements have been acquired using point-based spectrometers specifically designed for laboratory
spectroscopy. Comparatively fewer studies have investigated vegetation characterization using hyperspectral thermal
imaging systems, despite their ability to generate spatially resolved datasets that more closely resemble those obtained by
airborne and orbital sensors.

In this context, the present work presents a methodology for hyperspectral thermal measurements of native Brazil-
ian vegetation in the long-wave infrared (LWIR) spectral range using a Telops Hyper-Cam Mini imaging spectrometer. The
proposed approach combines radiometric verification experiments, atmospheric correction, and radiometric inversion tech-
niques to retrieve leaf reflectivity spectra from hyperspectral radiance measurements. Preliminary results obtained for four
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