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Since hyperspectral images contain fine spectral information of the target objects, there is continuous
demand for the detailed analysis about such images. A somewhat neglected but critically important
challenge regarding hyperspectral image is the presence of “spatial stray light” - a phenomenon caused
by scattering of photons from target objects. In this study, neighborhood unhomogeneity method is used
to detect the edge of spatial stray light region in hyperspectral images. Analyses were conducted on
reflectance datasets of standard card, potato leaf, and corn kernels from three inbred lines. By using
neighborhood unhomogeneity method, the edge of spatial stray light region could be detected obviously
and experimental results show the effectiveness of the proposed method.

© 2014 Elsevier GmbH. All rights reserved.

1. Introduction

Hyperspectral remote sensors can provide fine spectral infor-
mation by simultaneously capture hundreds of narrow and
contiguous spectral bands from a wide range of electromagnetic
spectrum [1-3]. Images acquired by these hyperspectral sensors
provide greater details on the spectral variation of the targets
than those acquired by conventional multispectral systems [4-6].
Despite these significant improvements broadened the potential
of spectral-based applications, it still has challenges associated
with this technology, including those associated with “spatial stray
light”, which is also referred to as lens flare or veiling glare [7,8].

Spatial stray light is a phenomenon caused by scattering of pho-
tons from target objects, and is mainly generated among adjacent
objects. The intensity and radiometric composition of spatial stray
light depends on the light source properties and chemical and
physical properties of the objects being imaged. For satellite based
remote sensing, it has been estimated that, due to spatial stray light,
less than half of the signal recorded by the Landsat’s multispectral
scanner system originates from the imaged pixel itself, while the
remainder of the reflectance signal is derived from surrounding pix-
els[9].Du, etal. further reported that less than half of the total signal
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from a point light source actually acquired from the central pixel;
about 60% of the source is spread elsewhere and 3.7% difference
can be generated between the radiance of two plaques of different
size with the same illumination [10]. Consequently, a special kind of
region exists in the hyperspectral images, referred to as spatial stray
light region, which has two characteristics: (1) it can be regarded
as a boundary between different objects; (2) the size of the region
is not zero. In this study, neighborhood unhomogeneity method
is used to detect the edge of this special region. Experiments are
designed to validate the performance of the proposed algorithm.
The remainder of this paper is organized as follows. In Section 2,
we proposed neighborhood unhomogeneity for the edge detection
of hyperspectral spatial stray light region. After a brief introduc-
tion of our hyperspectral imaging system and experimental data in
Section 3, experiments are carried out to assess the performance
of the proposed method, which are presented in Section 4. Finally,
we end this paper with conclusions in Section 5.

2. Methods and concepts

Suppose that X is a hyperspectral dataset with n observations
X, e RMXN k=1,2, ..., n.Each observation could be represented as
a fuzzy matrix ¢, such as
m11(x(1, 1)) pan(x(1, N))
bk = ... . ;

. k=1,2,...,n(1)
v (%(M, 1)) MmN (X (M, N))
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wii( 2(i,j)) is the membership of x,(i, j), which is defined as

1

= i=1,2,..,M,j=1,2,...,N
1+ 12 (1, ) — my J

(2)

For each observation x;, a centroid my is identified, which is the
mean value of the reflectance of each band. Subsequently, higher
membership is assigned to the pixels near the centroid and lower
membership is assigned to the pixels away from the centroid. Since
fuzzy entropy could represent the uncertainty of the target infor-
mation, it is used to detect the variance of the reflectance value,
which is given as follows

wij(X(i, )

Fuzzy entropy(x, (i, j)) = —u;j(Xy (i, j)loguy(Xk(i, j)) 3)
= [1 = u(Rk (i, j)loga[1 — uj((i, )]

In hyperspectral images, overall fuzzy entropy could reflect the
variance of the reflectance value. However, the spatial distribution
information of the pixels is not considered in it that the variance
of local region could not be measured. So overall fuzzy entropy is
extended to regional fuzzy entropy that the fuzzy entropy of a small
rectangle area £2,, (i, j) with the size of M x Ny is calculated, which
is given as follows

Regional fuzzy entropy (82, (i, J))

fix (Mp/2) fix (Np/2)

- M:Np Z Z

m = —fix(Mp/2)n = —fix (Np/2)

fix(Mp/2) fix (Np/2)

by 2

" MpN,
m = —fix(Mp/2)n = —fix (Np/2)

fuzzy entropy (xy(i+m,j+n))

of window. The angles (61, 6, ..., 8g) of the separating line that
divides £2, (i, j) into two parts are shown in Fig. 1

From the above analysis, the edge detection of spatial stray light
region can be put forward as the following steps:

1) Suppose X is a hyperspectral dataset with n observations
X, eRM<N k=1,2, ..., n.Set the size of selected window £2, and
the angles of the separating line ;.

2) Apply principal component analysis (PCA) to hyperspectral
dataset X to produce the maximum component Xp,.

3) Calculate fuzzy matrix ¢ of X, according to Eq. (1).

4) Apply Eq. (4) to ¢ to produce regional fuzzy entropy (£2,(i, j)).

5) Calculate neighborhood unhomogeneity (§2,(i, j)) with Eq. (6)
and give the final edge detection result.

3. Experimental data and hyperspectral imaging system

To testify the validation of the proposed method, experiments
with three different actual hyperspectral images were conducted.
The hyperspectral image data used in this study were obtained
from Texas Agrilife Research (Texas A&M University). Hyperspec-
tral images were acquired with a line-scanning hyperspectral
camera (PIKA II, www.resonon.com), which has 640 sensors

(4)

{—u(x (i +m, j + n))logyu;(x (i + m, j + n))

—[1 = w(x (i + m, j + n))]log,[1 — w;i(x, (i + m, j+n))]}

where fix (-) is integral function and it produces the integral part of
the quotient (e.g. fix (13/5)=2). And §2;, (i, j) is defined as

.. . M . M, . N . N,
2, 1(i.j) = {xk(m,n)u—ﬁx (7") §m§1+ﬁx<7p) ,j — fix (7‘:') _n§]+ﬁx(7p)}

Neighborhood unhomogeneity is used to describe the variance
of the regional fuzzy entropy, which is given as follows

Neighborhood unhomogeneity(§2, (i, j))
= HbaXIRn(Qp,k(i,j)) — Rea(£2 (i, )1 (6)
t
where 0 is the angle of the separating line that divides §2,, (i, j)

into two parts S;; and Sg,. R¢; and Ry, are the regional fuzzy entropy
of S¢1 and Sg; respectively, which are given by

Ra(2p1(i,)))= > fuzzy entropy ($2p(i.))) (7)
(m,n)eSy

Ro(2pu(ij)= Y fuzzy entropy (£2,(i.))) (8)
(m,n)eSey

From the above equations, it could see that neighborhood unho-
mogeneity is generally small within the interior of the objects or the
spatial stray light region and changes to be big near the boundary of
adjacent objects. Consequently, the edge of spatial stray light region
could be detected by the neighborhood unhomogeneity of regional
fuzzy entropy. Another challenge associated with the detection of
this edge is the determination of the size of £2,,(i, j). Through
vast amount of experiments, 5 x 5 was selected as the suitable size

(5)

producing hyperspectral images with 160 wavelength channels
within the wavelength range from 405 to 907 nm (wavelength
resolution of 3.1 nm). The objective lens has 35 mm focal length
optimized for the visible and near-infrared (NIR) spectra and
the angular field of view is 7° [11]. Hyperspectral image acquisi-
tion was conducted inside a darkroom with four halogen lamps
(http://www.resonon.com/scanning-systems-and-accesories.html)
as only light source in order to keep unwanted light from con-
taminating the signal. To ensure consistent acquisition conditions,
the hyperspectral camera and lighting system were turned on
at least 30 min prior to image acquisition. Dark calibration was
conducted at the beginning of the data acquisition (covering the
lens of the camera with its cap), and white Teflon was used for
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Fig. 1. The angle of the separating line.
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(a) (b) ©

Fig.2. Experimental dataset,(a)card dataset, (b) leaf dataset, (c) corn kernel dataset:
wild type (top line), mutant 1 (center line), and mutant 2 (bottom line).

white calibration immediately before image acquisition. Based on
dark and white calibration, reflectance values from hyperspectral
image cubes were converted into proportions (denoted relative
reflectance) ranging from O to 1. A software program automatically
operates the camera and records the raw data into the hard drive.

Experimental analysis was organized with three hyperspec-
tral datasets: card dataset, leaf dataset, and corn kernel dataset. A
series of experiments were conducted to examine how reflectance
data from either white Teflon or from objects were influenced by
one another. In the first experiment, reflectance information of
card dataset was collected from 8.5 cm x 5.5 cm plastic card (card
code: 4288, www.boltaron.com). The control background was a
30cm x 30cm piece of white Teflon (Fig. 2(a)). In leaf dataset, the
target object was a piece of potato leaf, which was placed on the
white Teflon mentioned above (Fig. 2(b)). The corn kernel samples
used in the third dataset were provided by Dr. Kolomiets at Texas
A&M University. In brief, they represent three proprietary inbred
lines: a wild type without genetic modification, and two mutants
with suppression of one of two genes in the lipoxygenase path-
way. Genetically, the homozygous corn mutants are near-isogenic
to the recurrent wild type parent and share about 97.5% of the
parent genome with one mutant (mutant 1) showing negligible
visual/phenotypic difference from the wild type, and the other
mutant (mutant 2) being slightly darker in color than the wild type
(Fig. 2(c)).

4. Experimental results and analysis

Fig. 3 shows the variance of regional fuzzy entropy (R ($2p (i,
)= Rea(82pk(i, ), t=1,2, ..., 8), obtained from card dataset with
different separating line angles. With little difference could be
observed from different sub-figures, Fig. 3(2) has a big differ-
ence with others. The difference in assignments of the variance of
regional fuzzy entropy by 6, and other angles is attributed to the
direction of 6,. Since 6, is perpendicular to the boundary, the cor-
responding Ry and Ry, are nearly the same that the spatial stray
light region might be hidden with this angle. However, with other
angles, variance of regional fuzzy entropy could highlight the region
of spatial stray light clearly.

For comparison, Figs. 4 and 5 show the variance of regional fuzzy
entropy obtained from leaf dataset and corn kernel dataset respec-
tively. In Fig. 4, careful evaluation reveals that part of the variance

Fig. 3. Variance of regional fuzzy entropy with card dataset in different angle of the
separating line.

Fig. 4. Variance of regional fuzzy entropy with leaf dataset in different angle of the
separating line.

Fig. 5. Variance of regional fuzzy entropy with corn kernel dataset in different angle
of the separating line.

(a) (b)

Fig. 6. Edge detection of spatial stray light region: (a) card dataset; (b) leaf dataset;
(c) corn kernel dataset.

of regional fuzzy entropy could not show the region of spatial stray
light in some angles. It is because the angles of the separating line
in these parts are nearly perpendicular to the boundary of adjacent
objects.

Fig. 6 shows the combined results from 8 different angles (Fig. 1)
of the separating line. It can be seen that two edges are detected
for each of the object clearly, which divides the images into three
parts: (1) target objects region, (2) spatial stray light region, and
(3) background region. The experimental results proved that fuzzy
entropy neighborhood unhomogeneity method has powerful abil-
ity for hyperspectral images to detect the edge of spatial stray light
region.

5. Conclusion

In conclusion, a simple, practical approach to detect the edge of
spatial stray light region from spectrograph’s measured reflectance
signals is discussed based on the fuzzy entropy neighborhood unho-
mogeneity method. Examples for the edge detection of spatial stray
light region from three actual hyperspectral images have been
given to demonstrate the efficacy of this method.
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