Airborne hyperspectral imaging of cover crops through machine learning
Sheng Wang*, Kaiyu Guan*, Chenhui Zhang, Chongya Jiang, Qu Zhou, Dan Schaefer, Lowell Gentry, Andrew Margenot, Ziqi Qin
Department of Natural Resources & Environmental Science, College of Agricultural, Consumer and Environmental Sciences, University of Illinois at Urbana-Champaign.
*Corresponding to: Kaiyu Guan (kaiyug@illinois.edu), Sheng Wang (sheng12@illinois.edu)

1. Introduction

3. Measured cover crops traits

• Cover cropping is essential for agroecosystem conservation, but late
termination brings negative influences on the coming cash crop growth
(Qin et al., 2020).
• Accurate information of cover crop growth (e.g., aboveground biomass and
nitrogen content) is highly needed to guide stakeholders for the appropriate
time to terminate cover crops.
• Remote sensing provides a cost-effective manner to quantify cover crop
growth, but existing studies operated with coarse-resolution multispectral
data have uncertainties.
• This study demonstrates airborne hyperspectral imaging of cover crop
growth for the first time.
Scientific questions:
• What is the accuracy of utilizing airborne hyperspectral remote sensing to
quantify cover crop biomass and nitrogen content?
• What are the key spectra for quantifying cover crop growth?

• Fig. 5 Airborne hyperspectral data (RGB, see a) based PLSR predictions of cover
crop (b) aboveground biomass (Biomass, g·m-2), (c) nitrogen concentration (Nmass,
%), (d) carbon to nitrogen ratio (C/N), (e) biomass carbon (Biomass C, g·m-2), (f)
biomass nitrogen (Biomass N, g·m-2), and uncertainties for (g) biomass (Biomass
std, g·m-2), (c) nitrogen concentration (Nmass std, %), (d) carbon to nitrogen ratio
(C/N std), (e) biomass carbon (Biomass C std, g·m-2), (f) biomass nitrogen (Biomass
N std, g·m-2) on April 13th, 2021. Soil pixels with NDVI < 0.35 were masked out with
the white color.

2. Method and data
Study region Central IL, Champaign Fig.

1. Study region,
airborne
collected
hyperspectral imagery and
field
measurement
locations in Central Illinois.
The red triangles refer to
the
field
sampling
collection locations. The
blue polygons are the
covered areas by the
airborne flight campaigns.
The base map is the
Sentinel-2 imagery over the
study region acquired on
March 31st, 2021.

Table 1. Summary of airborne hyperspectral campaigns conducted for
cover crop monitoring. Ta: air temperature. RH: relative humidity.

• Fig 3. (a) Correlation matrix for measured cover crop traits including cover crop
aboveground biomass (Biomass, g·m-2), plant carbon concentration (Cmass, %),
plant carbon content per ground area (Biomass C, g·m-2), plant nitrogen
concentration (Nmass, %), plant nitrogen content per ground area (Biomass N, g·m2), and plant tissue carbon to nitrogen ratio (C/N). The high correlation coefficients
are highlighted with red color. The coefficient of variation (CV) refers to the
standard deviation of samples divided by the sample mean. The higher CV values
indicate high variabilities of analyzed cover crop traits, or vice versa. (b) Principal
component analysis (PCA) for all cover crop traits. The diagram shows the first two
components from the PCA analysis. Similar cover crop traits have close PCA
components 1 and 2 values.

4. Airborne quantified cover crop traits

Airborne hyperspectral system and field data collection

• Fig. 6 Variable Influence on Projection (VIP) scores of hyperspectral PLSR models
for predicting cover crop aboveground biomass, C concentration (Cmass), N
concentration (Nmass), C/N ratio, biomass C, and biomass N. The higher VIP scores
indicate higher feature importance.

5. Conclusion
• To our knowledge, this is the first-time demonstration of airborne hyperspectral
imaging of cover crop growth.
• Airborne hyperspectral remote sensing can accurately quantify cover crop biomass
and nitrogen content.
• Red edge reflectance is important to quantify cover crop growth variables.
• Reference:
•

Fig. 2. (a) 0.5×0.5 m2 quadrat-level destructive sampling, (b) SPAD520 chlorophyll meter, (c) CCM-300 chlorophyll meter, (d) airborne
hyperspectral system in the PI Guan lab (Wang et al., 2021). (e)
airplane for hyperspectral flight campaigns from the local vendor. We
acquired hyperspectral imagery with 0.5m spatial resolution and 356
spectral bands from 400 to 2500 nm.
Model: Partial-least squares regression (PLSR) e.g., Wang et al. 2021

•

• Fig. 4 Airborne hyperspectral based partial least squares regression (PLSR) five-fold
cross-validation of predicting cover crop aboveground (a) Biomass (g·m-2), (b) C
concentration (Cmass, %), (c) N concentration (Nmass, %), (d) C/N ratio, (e) Biomass
C (g·m-2), and (f) Biomass N (g·m-2). The error bars refer to the standard deviations
of predictions.
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