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Table 1 Basic parameters of commonly used handheld hyperspectrometers
Wavelength  Band Spect.ral SpectTal .
Spectrometer sampling resolution/ Characteristics
range/nm  number .
interval/nm nm
3 nm@
1.377 nm@ 700 nm; Portable, long standby time, full range of optional accessories,
. . 350-1050 nm; 8.5 nm@ indoor and outdoor spectrum acquisition, multiple wavelength
ASDFieldSpec3  350-2500 2150 2 nm@ 1400 nm; ranges available; high signal-to-noise ratio, high reliability, high
1000—2500 nm 6.5 nm@ repeatability.
2100 nm
1.4 0m@ 3 nm@ pemgned for femo.te sensing in field, beautiful, durz.ible, pon.able,
integrated calibration, traceable to the U.S. NIST; it can quickly
. 350—1000 nm; 700 nm . .
ASDFieldSpec4 350-2500 2151 2 nm@ 10 nm@ scan the ground, fiber optic probe can get a single spectrum of
ground within milliseconds, in case of sun as a light source, can
1001-2500 nm 14002100 nm .
provide fast and accurate field spectral measurement results.
1.4 nm@ 3 nm@ Ideal field spectrometer with high resampling interval and
ASDpro FR 350-2 500 2150 350-1000 nm;  350—1000 nm; spectral resoluFlon, fast sampling speed, .snflple operation, 1§rge
2 nm@ 10 nm@) storage capacity, and support for unlimited data reception,
1001-2500 nm 10012500 nm making soil spectral measurement more convenient.
Lightweight, compact, high signal-to-noise ratio; creatively add
1.5 nm@ 3.5 nmm@ GPS  module, high-definition @ CCD  camera and
350-1000 nm; 350—1000 nm; second-generation Bluetooth module inside the instrument,
. 3.6 nm@ 9.5 nm@ while acquiring measured target hyperspectral data, image
SVCHRI10241 - 350-2 500 990 1001-1900 nm; 1001-1900 nm; information and environmental temperature and humidity can be
2.5 nm@ 6.5 nm@ recorded at same time, which is convenient for operator to
1901-2500 nm 1901-2500nm organize spectral data later and understand environmental
conditions at time of measurement.
Use of fixed holographic grating and full line array optical
1.5 nm@ 3.5 nm@ detector, increased sensitivity, resolution and reliability of
350-1000 nm;  350—1000 nm; measurement; ergonomic design, lithium-ion rechargeable
. 3.8 nm@ 10 nm@ battery, built-in memory chip can store 500 times measurement
PSR-3500 35072500 1024 1001-1500 nm; 1001-1500 nm; data, making instrument more convenient in field measurement;
2.5 nm@ 7 nm@ professional data acquisition software and up to 10 times/second
1501-2500 nm  1501-2500 nm acquisition rate, to better play performance of instrument and
convenient data follow-up processing.
Good spectral response in UV and IR regions; dynamic
0.6 nm@ 1.4 nm@ correction of dark current function fundamentally solves noise
AvaField-3 300-2 500 2048 300-1100 nm;  300—1100 nm; problem cgused by dark current; full spectrum using 2 fixed
6 nm@ 15 nm@ plane grating, so that measurement speed, repeatability, accuracy
1101-2500 nm 1101-2500 nm greatly improved; Chinese software interface, easy to operate,
portable, comes with a powerful software package.
Fourier infrared spectrometer; high resolution, good stability,
moisture-proof, scalable, low maintenance costs; mainly used in
FTIR-850 2500-25000 9000 Null 2.5 petrochemical, organic  chemistry, polymer chemistry,
pharmaceutical, food analysis and other traditional fields, but
also in semiconductor, optics and other new technology fields.
Airborne, ground-based dual-purpose visible to near-infrared
hyperspectral imager; has on-board data processing and storage
Headwall capabilities and minimizes the size, weight and power limitations
HS-VNIR 400-1000 753 Null 2-3 inherent in small UAVs. Built-in optional Global Positioning

System (GPS), Inertial Measurement Unit (IMU) navigation
technology and Optical- Electro Module (OEM) programmable
Sensors.
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Fig. 2 Characterization bands of common heavy metals and active ingredients in soils
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Fig. 3 Inversion process of soil heavy metal content based on spectral features
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Research progress and trend of quantitative monitoring of
hyperspectral remote sensing for heavy metals in soil

CHENG Yong-sheng"**, ZHOU Yao"*?

(1. Key Laboratory of Metallogenic Prediction of Nonferrous Metals and Geological Environment Monitoring,
Ministry of Education, Central South University, Changsha 410083, China;
2. Hunan Key Laboratory of Nonferrous Resources and Geological Hazards Exploration,
Central South University, Changsha 410083, China;
3. School of Geosciences and Info-Physics, Central South University, Changsha 410083, China)

Abstract: Compared with the traditional methods for quantitative study of soil heavy metal content, the
hyperspectral remote sensing technology has greater advantages, such as lower cost, higher efficiency, wider
detection range, strong macroscopic property, and dynamic monitoring, etc. Based on air-sky-earth research
perspective, this paper analyzed the characteristics, pre-processing methods and technical processes, application
conditions and scope of soil heavy metal hyperspectral data; it discussed the development of soil heavy metal
monitoring based on hyperspectral remote sensing technology. By analyzing the inversion of spectral features
based on soil heavy metals and soil active ingredients, we found that the contents of organic matter, iron oxides,
and clay minerals in soil are the key factors leading to the differences in soil characteristic wavebands. In this paper,
by summarizing the characteristic wave spectra of common active components and heavy metals in soil, it shows
that 350—2500 nm is the main waveband range for predicting their contents, and the characteristic wavebands are
very susceptible to soil types. The key factors affecting the inversion accuracy involve the soil hyperspectral
response mechanism, hyperspectral data quality, occurrence state of heavy metals, and inversion modeling methods.
The effective ways to further improve the accuracy of hyperspectral inversion of soil heavy metals include
improving the spectral optimization method, constructing an efficient inversion model, and clarifying the spectral
characteristics and occurrence mechanism of heavy metals. The future development of hyperspectral remote
sensing technology will be characterized by quantitative, active, macroscopic and on-site. In addition, the data
multi-source, fusion of non-linear and linear methods, and considering of multi-featured waveband information are
also important trends for hyperspectral remote sensing technology in the future.

Key words: soil; heavy metals; active components; hyperspectral remote sensing; quantitative inversion; modeling
method

Foundation item: Project(41672076) supported by the National Natural Science Foundation of China; Project
(2020TJ-Q01) supported by the Science and Technology Talent Lifting Program of Hunan
Province, China; Project(2020RC4003) supported by the Science and Technology Leading
Talents Program of Hunan Province, China; Project(2021zzts0794) supported by the Graduate
Students’ Independent Exploration and Innovation Program of Central South University, China;
Project(2016JJ1022) supported by the Outstanding Youth Science Foundation Program of
Hunan Province, China; Project(2019SK2261) supported by the Key Research and
Development Program of Hunan Province, China

Received date: 2021-07-25; Accepted date: 2021-10-20

Corresponding author: CHENG Yong-sheng; Tel: +86-13017386868; E-mail: cys968@163.com

(RiE TR



