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Abstract: Due to their similar color and material variability, some ground objects have similar
characteristics and overlap in some bands. This leads to a drop in the classification accuracy of
hyperspectral images. To address this problem, we simulated hyperspectral images of vegetation
and objects with similar colors by mixed pixel calculation to test the classification performance of
the dimensionality reduction method for samples with close spectra. In addition, we proposed a
novel wavelength selection algorithm called the LBI-BPSO (Binary Particle Swarm Optimization with
Local Band Index), which combines the information amount and inter-class separability. The novelty
of this study is in its proposal of an improvement of IOIF using inter-class distance. Based on the
calculation of the information content by the local band index, the inter-class distance was introduced
to measure the inter-class separability of ground objects, and a reasonable fitness function is proposed.
It can obtain the wavelength combination of two DR criteria, which considers the larger amount of
information and better sample separability. The classification performance of the simulation dataset
is verified by comparing LBI-BPSO with Partitioned Relief-F, IOIF (Improved Optimum Index Factor)
and GA-BPSO (Particle Swarm Optimization with a Genetic Algorithm). Under the conditions that
the signal-to-noise ratio is 1000, compared with IOIF, the OA of LBI-BPSO improved by 2.90%, the
AA improved by 2.75%, and the Kappa coefficient improved by 3.91%. LBI-BPSO also showed the
best results in the analysis of different abundances and signal-to noise-ratios. The results show that
the new wavelength selection algorithm LBI-BPSO, which combines the amount of information and
inter-class separability, is more effective than IOIF and GA-BPSO in classifying objects with similar
colors and effectively improves the classification accuracy.

Keywords: hyperspectral image classification; wavelength selection; hyperspectral image simulation;
objects with similar colors

1. Introduction

Hyperspectral image (HSI) classification is a pixel-by-pixel classification of images
based on the spectral and spatial characteristics of target objects. HSIs contain hundreds of
narrow and continuous spectral bands and are remote-sensing images that combine two
spatial dimensions and one spectral dimension into a data cube. Compared with traditional
remote sensing images, the ability of HSIs to analyze ground objects has significantly
improved. Some special samples in hyperspectral images have similar colors. Close
spectral characteristics and material variability results in minimal inter-class variability in
the samples, which will lead to the decline of image classification accuracy and generate a
large number of noise points in the classification results. Experts in the field have carried
out research from various directions on the negative effects of spectrally similar objects
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in hyperspectral images. In [1], VSS Peddinti et al. proposed a method for hyperspectral
image simulation of similar spectra using a distance function. This study concentrates on
obtaining similar spectra using distance functions. The Chebyshev distance and spectral
angle mapper (SAM) distances are combined to get the advantage of both the distance of
vector coordinates and the pattern of the spectra. The simulated hyperspectral image is
validated with the AVIRIS image using normalized cross-correlation to obtain each pixel’s
correlation. The spectral-spatial-based methods aim to extract the spectral and spatial
features simultaneously for classification. It can effectively improve the classification
accuracy of similar spectral features. In [2], a lightweight spectral-similarity-based SpaAM
was designed by Li N et al. to capture the relevant spatial areas. It describes the spatial
distribution of homogeneous pixels and interfering pixels implicitly, which weakens the
interfering pixels from the neighborhoods of the center pixel. In this module, the spectral
similarities between the center pixel and its neighborhoods are measured by the efficient
Euclidean distance. The above studies showed that the distance function is a powerful tool
for evaluating the spectral similarity of ground objects.

Hyperspectral data also contains a significant amount of redundant information. To
avoid the Hughes Phenomenon [3,4], a dimensionality reduction (DR) of HSIs is the first
task before classification. Due to the complexity of spectral features, the quality of feature se-
lection will directly affect the classification effect. The research on dimensionality reduction
of HSIs has always been an open challenge in the field of hyperspectral applications.

HSI dimensionality reduction can be divided into two categories: feature extraction
(FE) and feature selection (FS). FE is to convert high-dimensional data into low-dimensional
data through mapping and transformation. The FS of hyperspectral images, that is, band
selection, is to select the most effective band subset from all bands, which is essentially a
combinatorial optimization problem.

The advantage of feature extraction is that it reduces high-dimensional data to low-
dimensional in a rapid and direct manner. Its representative methods are Principal Com-
ponent Analysis (PCA) [5,6] and Linear Discriminant Analysis (LDA) [7,8]. Local feature-
based manifold learning [9,10] and sparse representation [11] are also important hyperspec-
tral feature extraction methods. At the same time, feature extraction can also combine two
different features of space and spectrum for DR [12]. FE is the goal of reducing dimension-
ality from a mathematical point of view, but while reducing the dimensionality, it also loses
the physical information of ground objects, radiations or reflections contained in the origi-
nal band. Such results are often not conducive to the classification of hyperspectral remote
sensing [13]. The hyperspectral wavelengths obtained by feature selection do not change
mathematically, retain the original features and information of the HSI to the greatest extent,
and the number of output wavelengths can be controlled by the corresponding adjustment.
Therefore, in order to obtain a specific small number of wavelength combinations with a
large amount of information, this paper uses the feature selection method.

A heuristic algorithm is a common means of feature selection [14–17]. Among them,
Particle Swarm Optimization (PSO) [18] is one of the most popular algorithms to effectively
solve the wavelength combination optimization problem because of its advantages of easy
implementation and fast convergence. In [16], Lishuan Hu et al. proposed an improved
DR method of Binary Particle Swarm Optimization with Mutation Mechanism (MNBPSO),
and used MNBPSO to simultaneously perform band selection and support vector machine
parameter determination. The results showed that the method is more accurate than the
results obtained by the SVM and SVM+BPSO algorithms. At the same time, subspace
decomposition [18–21] is another representative wavelength selection idea. One of its
strategies is to use the “blocking” feature of the colormap for the band correlation coefficient
matrix to divide all the bands into several subspaces and select high-quality wavelengths
from them respectively. In [21], Lishuan Hu et al. proposed the Improved Optimum Index
Factor (IOIF). By selecting the bands with the largest amount of information from different
subspaces, IOIF can quickly select the bands with the largest amount of information and
the smallest correlation, effectively avoiding the phenomenon of band-centralized selection,
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reducing the band base participating in the optimal exponential operation and improving
the efficiency of the algorithm.

However, the two methods mentioned above are based on a single criterion for
wavelength selection because the spectral characteristics between wavelengths of objects
with similar colors images are more similar and correlated than ordinary objects images.
The DR of a single standard can easily select wavelengths with concentrated bands, large
information redundancy, and small differences in spectral characteristics, resulting in a
decrease in classification accuracy. In order to satisfy the selected wavelength subsets with
less correlation, more information and greater spectral differences are required between
ground objects at the same time.

Based on the information calculation model of the local band index (LBI) in the IOIF
method and heuristic algorithm for wavelength selection, this paper proposes a new HSI
dimensionality reduction method: LBI-BPSO (Binary Particle Swarm Optimization with
Local Band Index). Firstly, the amount of information for all wavelengths is calculated
by LBI, and the data are sorted and screened according to the amount of information.
Further, GA-BPSO (Particle Swarm Optimization with a Genetic Algorithm) is used to
optimize the above hyperspectral data subset, and the optimal wavelength combination
that meets the requirements is the final result. Finally, LBI-BPSO, IOIF and GA-BPSO are
used for wavelength selection, respectively, combined with SVM to classify the simulation
data set established in this paper and show their performance evaluation and visual
classification results.

The specific objectives of this paper are as follows: Section 2 briefly introduces the
IOIF algorithm for DR of HSI based on the amount of information and the GA-BPSO
algorithm with the inter-class distance as the objective function; Section 3 proposes a
novel wavelength selection algorithm that combines information amount and inter-class
separability: LBI-BPSO; Section 4 introduces the sample measurement experiments and the
process of establishing hyperspectral simulation images; Section 5 uses three methods for
wavelength selection of simulated HSI, respectively. The DR performance and discussion
of LBI are reported in this section, and a comprehensive comparison is made with the effect
of IOIF and BPSO. Finally, conclusions and future works are presented in Section 6.

2. Related Methods

In order to avoid the Hughes Phenomenon caused by redundant information in HSIs, a
common method is to process hyperspectral images by means of dimensionality reduction.
Band selection for hyperspectral data should consider three factors [19]:

1. The information contained in the band or the band combination;
2. The correlation among the bands;
3. The spectral response of the ground objects to be identified.

Therefore, the optimal band combination is one with a large amount of information,
the small correlation between bands, a large difference in reflectance values of ground
objects and good separability between ground objects. The following introduces the IOIF
algorithm based on the amount of information as the selection criterion and the GA-BPSO
with the inter-class distance as the objective function.

2.1. Improved Optimum Index Factor (IOIF)

A basic principle of wavelength selection for HSI is that the information redun-
dancy between wavelengths in the obtained band subset is small and independent. It
can be described by the correlation coefficient matrix, which is calculated by the following
Equations (1) and (2) used for the correlation coefficient:

R =


r11 r12 · · · r1n
r21 r22 · · · r2n
...

...
. . .

...
rn1 rn2 · · · rnn

 (1)
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where n denotes the total number of bands of the HSI and rij is the correlation coefficient
between the band i and j:

rij =

m
∑

k=1
(xik − xi)(xjk − xj)√

m
∑

k=1
(xik − xi)

2 m
∑

k=1
(xjk − xj)

2
(2)

where m is the total number of samples, that is, the total number of pixels in a band image,
xi = (xi1, xi2, · · · , xim)

T is the corresponding vector of the spectral image of the band
i(i = 1, 2, · · · , n), xi and xj are the mean values of band i and j. The smaller the correlation
between the selected wavelengths, the higher the independence of the information it
contains, and the smaller the information redundancy.

In addition, the selected wavelengths should contain more information. In 1982,
Chavez et al. proposed the Optimum Index Factor (OIF) method [22] to evaluate the
optimal band combination by calculating the ratio of the sum of the standard deviations of
the bands to the sum of the correlation coefficients. In 2018, Hu Lishuan proposed a new
band selection method Improved OIF (IOIF) [21] based on the OIF information calculation
method. In the band subspace, the Local Band Index method (LBI) was used to filter out
high-quality band sets. Then, combine the bands from the different sets of high-quality
bands and calculate the IOIF value. This method effectively avoids the phenomenon of
centralized selection of bands, reduces the number of band bases involved in the operation,
and improves the efficiency of the algorithm.

The local band index method is an adaptive band selection method that comprehen-
sively considers the information content and local independence of the image. The LBI is
calculated as in the following Equation (3):

LBIi =
σi

(|ri−1,i|+ |ri,i+1|)/2
(3)

where ri−1,i is the correlation coefficient between band i−1 and band i, ri,i+1 is the correla-
tion coefficient between band i and band i+1, the average of the two represents the local
correlation of band i, and σi is the mean square deviation of band i.

IOIF is defined as in Equation (4):

IOIF =
Si + Sj + Sk∣∣ri,j
∣∣+ ∣∣ri,k

∣∣+ ∣∣∣rj,k

∣∣∣ (4)

where i, j and k are three high-quality bands from different subspaces, S is the mean square
error, and |r| is the absolute value of the correlation coefficient.

The set of bands selected by IOIF is very similar to the graph of the original bands and
contains the richest information of the original bands. After verification by the RBF-SVM
classifier, the classification accuracy obtained by the IOIF DR method is higher than the
traditional OIF and PCA algorithms. However, this method mainly takes the information
of wavelength combination as the basis of wavelength selection.

For the classification of objects with similar colors and close spectrum, a high amount
of information is not enough to meet the needs of improving the classification accuracy,
and the separability between the selected spectral objects should be further considered.

2.2. Binary Particle Swarm Optimization with Genetic Mechanism (GA-BPSO)

Taking advantage of the heuristic algorithm, aiming at the maximum distance between
classes [23–25], the wavelength’s combination with the best inter-class separability in the
spectral feature space of HSIs can be searched. In this paper, the BPSO with the introduction
of a genetic mechanism is selected to obtain the spectral features of ground objects that are
easy to be distinguished by the classifier.
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The standard PSO algorithm is used to solve the optimization problem in continu-
ous space; however, in terms of discrete space, the discrete binary particle swarm opti-
mization (BPSO) must be used. BPSO [26] was proposed by Kennedy and Eberhart in
1997 and is widely used in optimization combinatorial problems. This method com-
putationally preserves the classical “position-velocity” update rule. It adopts binary
coding and represents the value and change of particle state through 0–1 on each bit.
Let the position of the particle i be xi = (xi1, xi2, . . . , xiD), i = 1, 2, . . . , N; the velocity
be vi = (vi1, vi2, . . . , viD), i = 1, 2, . . . , N; the optimal historical position of the individ-
ual is Pi = (pi1, pi2, . . . , piD), i = 1, 2, . . . , N; the overall historical optimal position is
Pg = (pg1, pg2, . . . , pgD), i = 1, 2, . . . , N. The formula for updating the velocity of particle i
in the d (d = 1, 2, . . . , D) dimension is as shown in Equation (5):

vk+1
id = ωvk

id + c1r1(Pk
id − xk

id) + c2r2(Pk
gd − xk

id) (5)

where k is the number of iterations, i and d represent the particle i and its dimension,
respectively, and ω is the inertia weight, which represents the influence of the current speed
of the particle on the speed of the next generation. c1 and c2 are learning factors, which
represent the learning ability of particles to their own experience and group experience,
and r1 and r2 are random numbers in the interval [0, 1]. In this paper, the convex function
decrement method is used to adjust ω [27,28], and the strategy of decreasing the value of r1
and increasing the value of r2 is adopted [29,30].

In this paper, a V-shaped [31] transfer function is used, and the function curve and
expression are shown in Figure 1 and Equation (6), respectively, and Equation (7) is the
particle position update formula. In these two equations, k represents the number of
iterations, i and d represent the particle i and its dimension, respectively, and r3 is a random

number in the interval [0, 1]. (xk
id)
−1

represents the complement of xk
id, i.e., from 0 to 1 or

from 1 to 0.

V(vk+1
id ) =

(vk+1
id )

2

1 + (vk+1
id )

2 (6)

xk+1
id =

{
(xk

id)
−1 r3 ≤ V(vk+1

id )

xk
id otherwise

(7)

Figure 1. V-shaped transfer function.

To further strengthen the BPSO search ability, it is usually advised to introduce the
mutation and crossover mechanism in the genetic algorithm to improve the BPSO [32–35].
In this paper, the particle swarm is crossed and mutated every Q1 generation in the iterative
process. At the same time, in order to ensure the convergence ability of the algorithm, the
roulette algorithm is used to select the particle parent once every Q2 generation according
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to the fitness value of the particle. Then, compare the particle fitness before and after
the genetic operation, and if there is a degraded particle, make the particle return to the
state before the operation. In order to maintain the diversity of the particle swarm and
enhance the search effect in the later stage of the iteration [29], the crossover probability Pc
can be gradually reduced, while the mutation probability Pm can be gradually increased
with the iteration of the algorithm. Crossover and mutation operations can generate more
new solution sets in the iterative process, increase the diversity of particle swarm changes,
jump out of the limitation of the particle swarm algorithm “speed-position” update rule
to a certain extent, and overcome the problems that are prone to getting stuck in the
local optima.

The above is the principle of the GA-BPSO DR algorithm with the inter-class distance
as the objective function. For the sake of brevity, this method is referred to as the GA-BPSO
DR method in the following.

Using GA-BPSO to search for the optimal solution of the wavelength combination
that satisfies the largest inter-class distance in the HSI dataset, the spectral features of the
ground objects that are easily distinguished by the classifier can be obtained. However, due
to the limitation of the search ability of GA-BPSO itself and the close spectral characteristics
of some hyperspectral data for objects with similar colors, the number of wavelengths
contained in the feature combination is often much higher than expected, resulting in the
increase of calculation costs. In addition, the selection strategy that only depends on the
distance between classes will lose wavelengths with a large amount of information, which
is not suitable for eliminating redundant information.

3. A Novel Method Combining Information and Separability: LBI-BPSO

From the above introduction, it can be found that both IOIF and GA-BPSO are based
on a single wavelength selection criterion to reduce the dimension of HSIs. For objects
with similar colors and close spectra, this DR method cannot take into account the high
amount of information and the separability between objects, and there are problems such
as large redundancy and a large number of selected wavelength information, which leads
to a decrease in the accuracy of classification results.

Aiming at the shortcomings of the above two methods, this section proposes a new
DR method combining wavelengths information and inter-class separability: LBI-BPSO. It
focuses the search direction of the particle swarm in the wavelength region with a large
amount of information and can obtain a wavelength combination that takes into account
the two DR criteria of greater information amount and better sample separability. Finally,
the goal of improving the classification accuracy of objects with similar colors is achieved.
In this paper, the performance of the above three DR methods is tested by the established
HSI dataset.

The research ideas of LBI-BPSO can be summarized by the process shown in Figure 2.
The object of DR and classification research is the hyperspectral simulation image dataset
established in this paper. Some bands of its samples have close characteristics, and the
SNR of the data is controlled by controlling the input noise. In the information calculation
stage, the local band index LBI of Equation (3) applied in the IOIF algorithm is used to
obtain the information content of all wavelengths, and the wavelength with a larger value
is selected according to a certain proportion ε to complete the preliminary screening of the
spectral wavelength. In the search stage, according to the distance between classes, the
binary particle swarm optimization algorithm GA-BPSO with the introduction of a genetic
mechanism, is applied to realize the search for the optimal solution of the fitness function F
of Equation (11). The wavelength combination with the largest inter-class distance obtained
in the data subset with a large amount of information can determine the DR result that
contains both high information content and the largest class distance.
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Figure 2. LBI-BPSO wavelength selection method.

The data sample Xi of a certain point in the HSI can be expressed as Xi = [x1, x2, . . . , xn],
and n is the characteristic dimension of the sample, that is, the number of selected wave-
lengths. Object points of the same class are represented as Xωi = [X1, X2, . . . , XNi ], and Ni
is the number of samples in class ωi, that is, the number of pixels corresponding to a certain
class of ground objects in the image. The pattern average vector of class mi is defined as
in Equation (8), where NC is the number of object categories to be classified. As shown in
Equation (9), dij represents the Euclidean distance from the center of class i to the center of
class j:

mi =
1
Ni

∑
X∈ωi

X (8)

dij =
∥∥mi, mj

∥∥2
2 = (mi −mj)(mi −mj)

T (9)

The sample can be identified by judging the distance between the class center vector
and the sample feature vector [36]. Based on the maximum distance between classes [36,37],
using the center distance Equations (8) and (9), the objective function f of the following
Equation (10) can be obtained. When the distances between the classes of the samples are
larger, the separability between the objects is better. Let the objective function f be the
reciprocal of the sum of the center distances between the classes, and the minimum solution
of the function is the best combination of wavelengths.

f =
1

NC−1
∑

i=1

NC
∑

j=i+1
dij

(10)

The main task of this paper is to select a smaller number of wavelengths under the
condition of ensuring the classification accuracy. Therefore, this paper defines the fitness
function by Equation (11):

F =

{
f + ξ(LC − LT) LC > LT

f otherwise
(11)

where LC and LT are the number of wavelengths currently selected and target wavelengths,
respectively, and ξ are the penalty coefficients. In order to limit the number of wavelengths
selected by the algorithm, when the currently selected number of wavelengths LC exceeds
the preset target number LT , the penalty term ξ(LC − LT) will be used to adjust the fitness
state, and finally, a wavelength combination with a smaller number and a larger distance
between classes is selected.

The specific implementation steps of the LBI-BPSO method are described in detail in
Algorithm 1:
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Algorithm 1: Binary Particle Swarm Optimization with Local Band Index (LBI-BPSO)

INPUT: The set of simulation hyperspectral data W, Ground Truth GT,
OUTPUT: The global optima Pg
INITIALIZATION:
Set the parameters:
Screening threshold: ε; Expected number of wavelengths LT = 10;
Maximum iteration: Tmax = 500; Particle swarm size: n = 50;
Inertia weight: ωmax = 0.6, ωmin = 0.1; Learning factor: c3 = 3, c4 = 2;
Crossover probability: Pcmin = 0.8, Pcmax = 0.3;
Mutation probability: Pmmin = 0.2, Pmmax = 0.5;
Initialize searching space:
Randomize the particle xi to get matrix X and calculate Pi, Pg
ITERATION:
1: Calculate and sort the LBI values for all wavelengths by Equation (3)
2: Obtain preliminary wavelength selection W̃ by threshold ε

3: while T < Tmax do
4: Update Pi,F(Pi) and Pg,F(Pg) by Equation (11)
5: if T Mod Q1 = 0, then
6: Reduce crossover probability Pc, and increase mutation probability Pm
7: Obtained new particles x̃i
8: if F(x̃i) optimal than F(xi) then
9: xi = x̃i
10: end if
11: end if
12: if T Mod Q2 = 0 then
13: Roulette the particle swarm to get a new matrix X̃
14: X = X̃
15: end if
16: Update Pi, F(Pi) and Pg, F(Pg)
17: Update X and vi by Equations (5)–(7)
18: T = T + 1
19: end while

4. Establishment of Simulated HSI Dataset Based on Experimental Measurement

The goal of this section is to build a simulated HSI using samples with similar colors
and spectra to test the classification ability of the wavelength selection algorithm LBI-BPSO
DR results for similar color samples. Firstly, the multi-point hyperspectral data of the
ground objects samples were measured, and these data were regarded as pure pixels in the
simulated HSI. Then, the linear mixture model is used to calculate the mixed pixels of each
abundance, and these data are used as mixed pixels in the simulated HSI. Based on these
pure pixels and mixed pixels, four types of ground objects (three types of vegetation are
classified into the same class) HSI can be constructed.

4.1. Experimental Preparation

The experimental measurement instrument is a multi-angle spectral reflectance mea-
surement system designed and manufactured by the research group. As shown in Figure 3,
the light source incident angle of the measuring instrument can be adjusted in the range of
0–90◦, and the detection angle can be adjusted in the range of 0–90◦. The halogen tungsten
lamp with a uniform light cover is used as the light source. ASD spectrometer and its
optical fiber lens are used as the reflected light-receiving end. The rotary displacement
table, the adjustable-angle stage, and the adjustable-angle light source platform are used as
the position and angle adjustment mechanism. The computer is used as the data signal
processing terminal. The grating dispersive spectrometer ASD (FieldSpec 3, Analytical
Spectral Devices) has a detection range of 350–2500 nm, a minimum sampling interval of
1.4 nm, and a minimum spectral resolution of 3 nm. The spectral response range of the
polarization module is 430–860 nm and 860–1650 nm.
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Figure 3. Multi-angle spectral reflectance measurement system.

The research samples selected in the experiment are divided into two categories. The
first class is vegetation leaf samples: clove leaves, shrub leaves and grass leaves. The
second class is artificial objects similar to vegetation: green coatings, artificial leaves and
cloth with camouflage patterns. The samples used for data acquisition are shown in
Figure 4: all samples are similar in color and are green. Among them, clove leaves are large,
heart-shaped, relatively flat, and smooth, and the leaves are overlapped. Shrub leaves are
narrow and oval, curly, with smooth surfaces and overlapping leaves. The grass leaves are
thin, narrow, long strip, rough surface, and the leaves are staggered. The surface of the
green coating is flat and has a fine texture. The fake leaves are human-made, simulated
landscapes, and their surfaces are rough and imitate the leaves’ grain. The camouflage
cloth is green as a whole, composed of light green, dark green, brown and yellow.

Figure 4. (a) Clove leaf; (b) shrub leaf; (c) grass; (d) green coating; (e) artificial leaf; (f) camouflage cloth.
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4.2. Measurement Process and Results

Due to the similarity in the spectral characteristics for some bands of the same color
ground objects, a common disadvantage of traditional pixel-by-pixel classifiers based on
spectral information is “salt and pepper noise” [13]. In order to solve the above problems,
this paper selects ground objects with similar colors to analyze, process and classify the
hyperspectral reflectance data. Spectroscopic measurements were performed in a dark
room with vegetation samples placed on an angle-adjustable stage. When measuring the
sample, after each measurement point, move the sample by an appropriate distance or
replace it with a new sample of the same type and continue to measure until the reflectance
data of 240 different points are collected. The acquisition results are shown in Figure 5a,
and Figure 5b is the average reflectance of the sample in the visible light range. It is worth
noting that the purpose of this paper is to propose and verify a DR method that is more
suitable for the classification of samples with close spectral characteristics, so the scope
of the study is narrowed to the vicinity of the visible light where the spectrum of the
ground object is closest. However, in practical applications, in order to give full play to the
advantages of the wide spectral response range of HSI, the full range should be used as
much as possible to improve the classification accuracy.

Figure 5. (a) Reflectance of all measurement points; (b) average reflectance of samples.

Clove leaves, shrub leaves and grass leaves have typical vegetation spectral reflectance
characteristics. In the visible light range of 450–750 nm, the reflectance is at a low level.
The smaller reflection peak at 550 nm is the “green peak”, and its characteristics are mainly
affected by the chlorophyll content of vegetation leaves. After 700 nm, the reflectivity rises
rapidly, which is within the red-light range, so it is called the “red edge” phenomenon of
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vegetation. It is the position where the reflectance of vegetation leaves changes the fastest,
which is mainly affected by the structure of vegetation cells.

As shown in Figure 5a, the spectral numbers of the data samples of the same class
show the same curve trend, but there are differences in the values within a certain range.
The main reason is the variability of the sample material. For example, the camouflage
cloth is composed of four kinds of color blocks (pigments), and the physical performance
at different points of the sample is non-uniform, so the spectrum at different points of the
same type of objects changes in amplitude. This results in the existence of different degrees
of intersection between the spectra of ground objects. On the contrary, the spectrum of
green coating with a single material and uniform spraying is very concentrated. Comparing
the reflectance curves of the artificial object samples and the vegetation leaves, it can be
found that the green artificial objects and the vegetation leaves are generally very similar in
the visible light range, showing a lower reflectance spectrum and a reflection peak near
550 nm. After 700 nm, due to the red edge phenomenon of vegetation, the reflectivity of
vegetation and human-made objects is significantly different. In practice, there are a large
number of mixed pixels in HSIs. The existence of mixed pixels will further enhance the
similarity between ground object samples.

4.3. Mixed Pixel Simulation

Section 4.2 carried out independent measurements of reflectivity data for six types of
ground objects. However, in practice, due to the low spatial resolution of HSIs, each pixel
may contain spectral information of multiple basic objects at the same time. This type of
pixel is called “mixed pixel”. The proportion of each type of feature in a mixed pixel is
called the “abundance” of a ground object [38]. The existence of mixed pixels makes the
feature space develop in the opposite direction; that is, the intra-class difference becomes
larger, and the inter-class coupling becomes stronger, which has a great negative impact
on the classification [39]. In order to verify the influence of mixed pixels on the results
obtained by the wavelength selection algorithm, mixed pixel data with an abundance range
of 0.75–0.25 and a step size of 0.05 were added to the dataset. Hyperspectral unmixing,
that is, extracting basic ground objects from mixed pixels and calculating the abundance
of each basic ground object in mixed pixels has become a key preprocessing technique
for HSI analysis [40]. The mixed pixels simulation based on the measured object points
hyperspectral data is equivalent to the inverse process of hyperspectral pixel unmixing.
The samples reflectance data measured in Section 4.2 are used as the endmembers’ spectral
information to participate in the calculation of the mixed pixels. The existing mixed models
mainly include linear models and nonlinear models. For the following two reasons: (a)
the linear spectral mixture model has the advantages of simplicity, high efficiency, and
well-defined physical meaning; (b) for hyperspectral images with spatial resolution below
the meter level, the linear spectral mixing model can better describe the actual spectral
mixing phenomenon. In this paper, the Linear Mixing Model (LMM) is selected for the
calculation of mixed pixels. It can be described by Equation (12):

Lmixed(x, y, λ) = Ai(x, y)× Li(λ) + [1− Ai(x, y)]× Lj(x, y, λ) + e (12)

where Lmixed(x, y, λ) is the pixel value of the mixed position on the image, Ai(x, y) is the
abundance of the object sample i in the pixel (x, y),Li(λ) is the spectrum of the object
sample i, Lj(λ) is the spectrum of the ground object sample j, and e is the Gaussian noise. In
this paper, L(λ) is the hyperspectral reflectance of the sample measured by ASD. Figure 6
is a schematic diagram of the mixed reflectance of pixel i and pixel j. The pixel abundance
is 0.75–0.25, and abundance changes in steps of 0.05.
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Figure 6. Mixed reflectivity of pixel i and pixel j.

In order to test the classification performance of the wavelength selected by the DR
method under different noises, this paper sets a total of eight non-uniformly spaced signal
to noise ratio (SNR) conditions from SNR = 1280 to SNR = 10. The SNRs are (1280, 640, 320,
160, 80, 40, 20, 10).

4.4. Establishment of HSI Dataset

The above shows the simulation of mixed cells and the effect of noise on the spectrum.
The following will introduce the process and ideas of designing the dataset. Figure 7 shows
the simulation process of HSIs of objects with similar colors in this paper: the spectral
reflectance of the measured ground objects is taken as the spectral information for pure
pixels, and the gradually changing abundance is set to calculate the mixed pixels, so that the
mixed pixels of different abundances in the image can be obtained. After setting different
SNRs and labeling the samples, the hyperspectral simulation images of objects with close
spectral characteristics can be obtained for the test of DR results. The simulation of HSIs
can be performed with a high degree of flexibility by establishing pixel and noise controls.

Figure 7. Flexible HSI simulation of ground objects.
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Figure 8 is a schematic diagram of the spatial location of the hyperspectral dataset
for 4 types of ground objects, in which the clove leaves, shrub leaves and grasses are
classified into one class, and the black area is the blank position of the data. This paper
sets 10 abundance ratios: [0.75, 0.70, 0.65, 0.60, 0.55, 0.45, 0.40, 0.35, 0.30, 0.25]. Table 1
shows the meaning of the labels in the spatial schematic diagram. This paper adopts a
single-label classification strategy. Mixed cells are also treated as pure cells and assigned
a single label for classification, and the object class with greater abundance in the mixed
pixel is used as the label of the pixel. Pixel attributes: P represents a pure pixel, followed
by numbers representing the feature class label. M represents a mixed pixel; the first
number of the mixed pixel represents the feature class with the pixel abundance greater
than 0.5. For example, M21 represents a mixed pixel of green coating and vegetation, and
the coating abundance is greater than 0.5. Figure 9 corresponds to Table 1, which shows the
spectral characteristics of the pixels in the hyperspectral simulation image (SNR = 1000).
Each subgraph in Figure 9 consists of a pure pixel randomly selected from each of the two
ground objects and their mixed pixels with different abundances. In the figures, different
colors represent different classes of ground object pixels, the solid lines represent the pure
pixel spectrum, and the dashed lines represent the mixed pixel spectrum.

Figure 8. Simulation data label diagram (Ground Truth).

Table 1. The meaning of the symbols in the space diagram.

Class Ground Object Dominant Object 1 Pixel Attribute Samples Size

C1 Vegetation Vegetation P1 720
C2 Green coating Green coating P2 240
C3 Artificial leaf Artificial leaf P3 240
C4 Camouflage cloth Camouflage cloth P4 240
C2 Vegetation-Coating Green coating M21 120
C1 Vegetation-Coating Vegetation M12 120
C3 Vegetation-Artificial leaf Artificial leaf M31 120
C1 Vegetation-Artificial leaf Vegetation M13 120
C4 Vegetation-Camouflage cloth Camouflage cloth M41 120
C1 Vegetation-Camouflage cloth Vegetation M14 120
C2 Coating-Artificial leaf Green coating M23 120
C3 Coating-Artificial leaf Artificial leaf M32 120
C3 Artificial leaf-Camouflage cloth Artificial leaf M34 120
C4 Artificial leaf-Camouflage cloth Camouflage cloth M43 120
C4 Camouflage cloth-Coating Camouflage cloth M42 120
C2 Camouflage Clot-Coating Green coating M24 120

1 Dominant object represents an object with greater abundance in a mixed pixel.
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Figure 9. Spectral Characteristics of Hyperspectral Simulation Image Pixels (SNR = 1000): (a) veg-
etation and green coating; (b) vegetation and artificial leaves; (c) vegetation and camouflage cloth;
(d) green coating and artificial leaves; (e) green coating and camouflage cloth; (f) artificial leaves and
camouflage cloth.

In Figure 8, the arrangement direction of mixed pixels radiates outward from pure
pixels; that is, for a certain ground object, the pixel with a high abundance value is close to
the pure pixel area, and the pixel with a low abundance value is close to the area intersecting
with other ground objects. It is worth noting that the pure pixel hyperspectral data in this
paper is obtained by ASD. The collection points of ground objects have a randomness, and
their texture information was destroyed. In addition, Figure 8 is only for the convenience
of observing the classification results, and this figure can be regarded as a HSI that disrupts
the order of pixels inside the object. Since the texture and shape information of the ground
objects are not used in the pixel-by-pixel classification in this paper, it has no effect on the
classification results.

Above, the sample reflectivity measured in the laboratory was used as the end member
to perform a mixed pixel calculation and then establish a simulated HSI. Machine-learning
classifiers require a large number of samples for training, and complete data labels are
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required in the field of hyperspectral remote sensing applications, while manually labeling
the HSI dataset is very challenging and requires a lot of work [41]. This method can not only
quantitatively analyze the accuracy of samples with different abundance pixels, but also can
easily label all samples, thus eliminating the high cost of manual labeling. In the following,
the LBI-BPSO proposed in this paper and the IOIF and GA-BPSO mentioned above will
be used to reduce the dimension of the simulated his, respectively. Then, according to
these DR results, the simulated HSI is classified, and finally, the classification performance
analysis of the wavelengths obtained by the three algorithms for ground objects with close
spectral characteristics is completed.

5. Results

The computer operating system of this paper is Windows 10, and the test environment
is Python 3.8. In order to analyze the performance of the wavelengths selected by the above
DR methods under different noise conditions, the following hyperspectral DR processes
are all performed when the additional Gaussian noise is 0.

5.1. Dimension reduction of LBI-BPSO

The DR steps of LBI-BPSO are as follows:
(a) Preliminary wavelength selection based on the amount of information calculated

by local band index LBI. Set relevant parameters, calculate the local band index (LBI) value
of all wavelengths by Equation (3), and then sort out the 60% wavelengths with the largest
amount of information as the preliminary selected wavelength subset. The LBI calculation
results of all wavelengths are shown in Figure 10. The black curve is the LBI numerical
curve, and the blue shaded part corresponds to the initially screened wavelength subset.

Figure 10. LBI calculation result.

(b) Secondary wavelength selection based on inter-class separability. As described
in Section 2.2, using the binary particle swarm algorithm that introduces the genetic
mechanism, the particle velocity vi and position xi are updated using Equations (5)–(7). The
specific steps are described in Algorithm 1. The binary particle swarm is set to the number
of iterations Tmax is 500, the number of particles is n = 50, and the particle dimension is
301, corresponding to the number of original wavelengths, and other specific parameters
refer to Algorithm 1. Iterative optimization is performed on the wavelength combination
that satisfies the minimum value of the fitness function of Equation (11), proposed by the
class center distance, and the search for the wavelength subset with the largest inter-class
distance is completed. The optimal result is: (501, 515, 521, 528, 706, 723, 729, 732, 744, 749),
10 wavelengths.



Appl. Sci. 2022, 12, 3899 16 of 25

5.2. Results from the Simulation Dataset

Partitioned Relief-F [42] is also a DR method that selects bands by virtue of the amount
of information. It is presented to mitigate the influence of continuous bands on classification
accuracy while retaining important information. It determines the amount of information
for each band as the importance score through the calculation of “near-hit” and “near-miss”.
After all of the bands are partitioned according to the redundancy of the sub-intervals,
the bands with the largest scores in each interval are selected to form a DR band set. This
method is also used below to compare the LBI-BPSO proposed in this paper. Taking
advantage of GA-BPSO, IOIF, Partitioned Relief-F and LBI-BPSO proposed in this paper,
respectively, the simulated HSIs established in Section 4 are used for wavelength selection,
and Table 2 below shows their results. It is worth noting that there is no meaningful order
between simulated HSI pixels established in Section 4; that is, the image data does not
have texture information. However, this will not affect the calculation of the correlation
coefficient (Equation (2)) and the correlation matrix (Equation (1)), so the IOIF can be used
to reduce the dimension of the simulated HSI.

Table 2. Dimensionality reduction results.

Method Result Dimension Result

GA-BPSO 39

(549, 551, 552, 554, 557, 559, 560, 601, 602, 604,
605, 607, 642, 643, 659, 662, 665, 668, 669, 670,
671, 672, 679, 680, 681, 682, 683, 685, 689, 690,

691, 692, 693, 702, 703, 704, 705, 710, 712)

IOIF 10 (499, 500, 501, 502, 605, 607, 642, 726, 734, 735)

Partitioned
Relief-F 14 (493, 497, 553, 552, 556, 554, 669, 668, 699, 698,

716, 715, 750, 749)

LBI-BPSO 10 (501, 515, 521, 528, 706, 723, 729, 732, 744, 749)

The above wavelengths are used to classify the simulated images of objects with close
spectral characteristics obtained in Section 4. At the same time, the performance of IOIF,
GA-BPSO and LBI-BPSO DR results proposed are compared and visualized. Then, we can
obtain the comparison of the classification results of the three DR results under the three
perspectives of SNR = 1000, mixed pixels with different abundances, and different SNRs. In
this paper, stratified sampling is used to randomly select 20% of the samples as the training
subset, and the pixel-by-pixel classification is performed by the Support Vector Machine
(SVM) classification algorithm with the RBF kernel function.

5.2.1. Analysis for SNR = 1000

The pixel-based evaluations used in HSI classification are the Product’s Accuracy
(PA)—that is, the ratio of the number of correctly classified pixels of a certain class to the
total number of samples of that class. Overall accuracy (OA): the ratio of the number of
correctly classified pixels to the total number of pixels. Average accuracy (AA): the sum
of the production accuracy of each class divided by the number of categories. Kappa
coefficient: measure the consistency between the classification result map and the real
marked map.

Table 3 shows the classification results of the three wavelength selection algorithms on
the simulated data set under the conditions of SNR of 1000, and Figure 11 is the correspond-
ing visual classification diagram. In order to avoid unstable results, each algorithm repeats
the dataset 10 times and displays its average accuracy (AVG) and standard deviation (STD).
The best results of the three algorithms in the table are highlighted, and SVM is the original
wavelength classification result. It can be seen that the SVM classification results using
the original 301-dimensional wavelengths only reached a high level for the classification
of vegetation and camouflage cloth, while the accuracy of green coating and artificial
leaves and the other three classification evaluations of OA, AA and Kappa coefficients
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are much lower than the results after dimensionality reduction. This demonstrates the
necessity of hyperspectral image DR for classification work. Among the four DR methods,
the LBI-BPSO method proposed in this paper obtains a smaller number of wavelengths,
and is superior to GA-BPSO, IOIF and Partitioned Relief-F in the classification accuracy of
various ground objects, OA, AA and Kappa coefficients. Due to the limitation of search
performance, the final result of GA-BPSO is 39 wavelengths, and the feature dimension
exceeds that of IOIF and LBI-BPSO. From the perspective of classification performance,
redundant information leads to a decrease in classification accuracy, so the GA-BPSO algo-
rithm that only uses inter-class separability for optimal combination search is the worst.
However, LBI-BPSO makes the search space focus on the characteristic region with a large
amount of information through preliminary screening of the wavelengths containing the
largest amount of information, and further wavelength selection is carried out with the
goal of maximizing the inter-class distance in this region. Finally, LBI-BPSO successfully
reduces the initial 301-dimensional feature space to 10-dimensional. The classification effect
of LBI-BPSO and Partitioned Relief-F is very close, and LBI-BPSO shows a small advantage.
Compared with IOIF, LBI-BPSO classification results show that OA is improved by 2.90%,
AA is improved by 2.75%, and Kappa is improved by 3.91. Compared with GA-BPSO,
OA is increased by 3.17%, AA is increased by 3.19%, and Kappa is increased by 4.94. The
above proves that the LBI-BPSO DR method combining the two DR criteria of information
content and inter-class separability is better than IOIF based on information content alone
and GA-BPSO considering only inter-class separability in terms of classification effect.

Table 3. Experimental results of simulation data set (SNR = 1000).

# Class
SVM GA-BPSO IOIF Partitioned

Relief-F LBI-BPSO

AVG STD AVG STD AVG STD AVG STD AVG STD
1 C1 Vegetation 94.87 0.79 75.35 1.88 77.94 0.64 80.07 1.86 81.57 1.35
2 C2 Green coating 41.08 2.54 66.57 3.61 66.83 1.88 70.25 2.15 70.50 1.00
3 C3 Artificial leaf 23.93 7.96 65.09 2.03 64.01 1.97 66.44 2.77 65.57 1.85
4 C4 Camouflage cloth 96.64 0.70 96.16 1.55 96.12 0.58 98.71 0.96 98.28 0.64

Dimension 301 39 10 14 10

OA (%) 69.24 1.62 75.79 0.68 76.60 0.14 79.09 0.55 79.50 0.16
AA (%) 64.12 1.88 75.79 0.79 76.23 0.18 78.86 0.52 78.98 0.39

Kappa (%) 55.83 2.28 66.63 0.98 67.66 0.16 71.16 0.73 71.57 0.29

Figure 11 shows the result of the classification visualization. It can be seen from the
figure that the samples with incorrect classification are located in the area of mixed pixels,
and in the five result diagrams, a large number of mixed pixels are classified as vegetation,
which can prove that the mixed spectra of the three types of artificial objects are very
similar to the vegetation spectra. Compared with GA-BPSO, IOIF and Partitioned Relief-F,
LBI-BPSO has better performance for the classification of mixed vectors. Especially in
the edge area of ground objects, that is, for mixed pixels with low abundance values, the
result of LBI-BPSO has a more obvious dividing line, and the noise in the mixed pixel area
is smaller.
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Figure 11. (a) Simulation data label diagram (Ground Truth); (b) original wavelength; (c) GA-BPSO;
(d) IOIF; (e) Partitioned Relief-F (f) LBI-BPSO.

5.2.2. Analysis for Different Abundances

In order to further discuss the influence of different abundances of mixed pixels on
the classification accuracy, Figure 12 shows the correspondence between the classification
accuracy of ground objects and the abundance of mixed pixels when the SNR is 1000. In the
range of abundance from 0.55 to 0.75, the classification evaluation of mixed pixels according
to the PA definition is AVA (Abundance Variable Accuracy) and total average TA. AVA is a
variable defined in this paper for the convenience of description. It is obtained from the
average value of N Product’s accuracy PA calculated from mixed pixels of a certain ground
object and other N objects under the specified abundance.

The AVA corresponding to a mixed pixel of the ground object i with abundance x
(x > 0.5) is described by Equation (13), where n is the number of other objects categories
except feature i, and PAx

ij is the Product’s accuracy of the mixed pixel with object j when the
abundance of object i is x. Correspondingly, the total average value TA is the average value
of AVAx

i (x = 1, 2, . . . , Na) for the ground object i at different abundances x and calculated
by Equation (14). Na is the number of abundance variables. According to the settings of
mixed pixel abundance and single-label classification strategy in Section 4.3, Na is 5 in this
paper, as shown by the abscissa in Figure 12.
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AVAx
i =

N
∑

j=1
PAx

ij

N
(13)

TAi =

Na
∑

x=1
AVAx

i

Na
(14)

Figure 12 shows the performance of the three DR algorithms on AVA and TA for
vegetation, green coating, artificial leaves, and camouflage cloth. It can be found that the
wavelength results of LBI-BPSO for vegetation, artificial leaf and camouflage cloth have
better performance at most abundances, and its TA values are greatly improved compared
to IOIF and GA-BPSO. It can be seen that the advantage of LBI-BPSO in distinguishing the
green-coating mixed pixels is not significant, but the TA is still at the highest level. Overall,
the wavelength selection results of LBI-BPSO showed better classification performance
compared to IOIF and GA-BPSO at different abundances.

At the same time, the performance of LBI-BPSO and Partitioned Relief-F are relatively
close in both AVA and TA. Interestingly, looking at Figure 12, it can be found that the
accuracy is not positively correlated with the increase in the abundance of target objects.
This is due to the similar color and material variability of the samples selected in this paper,
and the partial spectra of various ground objects are close. There is, in addition, some
high-abundance data obtained by mixing the spectra of the two types of ground objects by
Equation (12) just show a higher similarity with the spectrum of the third type of ground
objects, resulting in misclassification when the abundance is high. For example, Figure 12
shows that the green coating and artificial leaf did not increase AVA at an abundance of
0.75. Combined with the classification results in Figure 11c–e, it can be found that in the
mixed areas M23 and M32 of green coating and artificial leaf, there are a large number of
pixels in the area close to pure pixels that are classified as vegetation, resulting in a large
number of classification noise.

Figure 12. Cont.
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Figure 12. Evaluation of classification results under different abundances (SNR = 1000). (a) Vegetation;
(b) Green coating; (c) Artificial leaves; (d) Camouflage cloth.
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5.2.3. Analysis for Different SNR Conditions

The fault tolerance to noise is an important index to test the performance of the
algorithm. The following discusses the tolerance of the wavelengths selected by the LBI-
BPSO, IOIF and GA-BPSO algorithms to noise. As shown in Figure 13, by adjusting the
noise term e in Equation (12), the SNRs of the hyperspectral simulation data are gradually
reduced from 1280 to 10 for a total of 8 different noise conditions. The values shown in the
figure are the average accuracy of 10 repeated runs of the datasets with different SNRs. As
described in Section 4.3, in order to compare the performance of different algorithms under
the condition of low SNR more intuitively, the change of SNR is in the form of non-uniform
step size. Table 4 shows the average and standard deviation of the classification result
evaluation at the maximum (SNR = 1280), median (SNR = 160) and minimum (SNR = 10)
SNRs, and the optimal value in the table is highlighted. δ in this table is the relative
numerical difference of the evaluation corresponding to the SNR = 1280 and SNR = 10
conditions. δ can be calculated by Equation (15), E1280 and E10 represent the evaluation
at SNR = 1280 and SNR = 10, respectively. The smaller the δ, the smaller the difference in
classification performance of the selected wavelength under the two noise conditions of
SNR = 1280 and SNR = 10. Furthermore, the algorithm is less affected by noise. Therefore, δ
can be used to evaluate the noise tolerance of the wavelength selected by the DR algorithm.

δ =
E1280 − E10

E1280
(15)

Table 4. Test results of partial SNR conditions.

# Evaluation
GA-BPSO IOIF Partitioned

Relief-F LBI-BPSO

AVG STD AVG STD AVG STD AVG STD

SNR = 1280
OA (%) 75.89 0.29 77.79 0.17 79.27 0.37 79.59 0.31
AA (%) 75.16 0.92 75.99 0.99 78.91 1.21 79.55 0.68

Kappa (%) 66.49 0.63 68.39 0.32 71.40 0.67 71.93 0.56

SNR = 160
OA (%) 73.45 0.16 74.44 0.34 76.44 0.95 76.75 0.14
AA (%) 71.72 1.05 72.91 1.10 74.95 1.05 75.00 0.45

Kappa (%) 62.79 0.45 62.57 0.68 67.16 1.27 67.51 0.16

SNR = 10
OA (%) 47.99 0.51 40.36 0.37 63.59 0.58 67.78 0.23
AA (%) 39.66 1.44 32.26 0.74 57.43 0.51 62.38 0.17

Kappa (%) 23.20 1.72 12.18 0.88 47.67 0.83 53.89 0.23

δ (%)
OA 36.76 48.12 19.78 14.83
AA 47.23 57.55 27.22 21.58

Kappa 65.18 82.19 33.24 25.08

Figure 13. Cont.
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Figure 13. (a) Comparison of OA under different SNRs; (b) comparison of AA under different SNRs
(c) Comparison of Kappa coefficients under different SNRs.

From the classification results of the three DR methods shown in Figure 13 and Table 4,
it can be found that in terms of the changes in accuracy evaluations with the SNR, LBI-
BPSO has always been in a leading position under all standards. Especially in the case
of low SNR (SNR < 80), the selected wavelengths of LBI-BPSO can still obtain relatively
good classification results. The decreasing trend of classification accuracy for LBI-BPSO is
basically the same as that of Partitioned Relief-F, but LBI-BPSO is more dominant under the
condition of low SNR. The classification results of IOIF and GA-BPSO showed a significant
decline when SNR < 80, and were much lower than LBI-BPSO when SNR = 10. The
wavelength selected by IOIF is better than GA-BPSO in the case of high SNR (SNR > 160).
In the case of low SNR (SNR < 80), the IOIF classification results show the fastest decline
rate, and the obtained evaluation indicators are all lower than GA-BPSO. Continuing to
observe Table 4, it can be found that the relative value difference δ of LBI-BPSO is the
lowest, and the one of IOIF is the highest. This shows that for the data used in this paper,
the wavelength selected only by the amount of information has higher requirements on
the SNR. Compared with Partitioned Relief-F, the relative numerical differences δ of OA,
AA and Kappa coefficients of LBI-BPSO decreased by 4.95%, 5.64% and 8.16, respectively.
Compared with IOIF, the δ of OA, AA and Kappa coefficients of LBI-BPSO decreased by
33.29%, 35.97% and 57.11, respectively. Compared with GA-BPSO, LBI-BPSO reduces the δ
of OA, AA and Kappa coefficients by 21.93%, 25.65% and 40.01, respectively. A comparison
of the above classification results under different SNR conditions shows that the LBI-BPSO
method combining the two wavelength selection criteria of information amount and inter-
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class separability can still maintain good classification accuracy under the condition of
low SNR. Furthermore, LBI-BPSO has stronger tolerance to noise compared with IOIF
and Partitioned Relief-F, which perform wavelength selection according to the amount of
information and GA-BPSO whose objective function is the inter-class distance.

In sum, the comparison and analysis of the classification results for LBI-BPSO, Parti-
tioned Relief-F, IOIF and GA-BPSO were completed for SNR conditions of 1000, different
abundance conditions and different SNR conditions.

6. Conclusions and Future Works

Similar color ground objects dataset. In order to test the DR effect of the wavelength
selection method on the hyperspectral dataset with some spectral bands have similarities
and save a lot of human resources and the time cost of labeling hyperspectral data. This
paper provides a new idea for building hyperspectral datasets by combining laboratory
measurement data and using LMM to compute mixed pixels. This dataset is very flex-
ible, maintains the authenticity of the hyperspectral features of the ground objects, and
can quantitatively analyze the impact of mixed pixel abundance and data noise on the
classification performance, as shown in Sections 5.2.1 and 5.2.2.

A new wavelength selection method is proposed. In order to improve the classification
accuracy of HSIs of ground objects with close spectral characteristics. In order to select the
wavelength combination with more information, less correlation between bands and good
separability between ground objects, a new spectral DR algorithm LBI-BPSO is proposed,
which combines the two criteria of information and inter-class separability. The novelty
of this study is to propose an improvement on IOIF using inter-class distances. Based on
the calculation of the information content by the local band index, the inter-class distance
is introduced to measure the inter-class separability of ground objects and a reasonable
fitness function is proposed. LBI-BPSO focuses the search direction of the particle swarm
in the wavelength region with a large amount of information and can obtain a wavelength
combination that takes into account the two DR criteria of greater information amount
and better sample separability. Then, comparing four wavelength selection methods
LBI-BPSO, Partitioned Relief-F, IOIF and GA-BPSO with the inter-class distance as the
objective function, the classification experiments were carried out on the hyperspectral
simulation dataset. Furthermore, the performance of the algorithm is analyzed from three
perspectives: SNR = 1000, different endmember abundances and different SNR conditions.
When the SNR = 1000, the LBI-BPSO classification results are compared with IOIF, the
OA is increased by 2.90%, the AA is increased by 2.75%, and the Kappa is increased by
3.91%. The classification effect of LBI-BPSO and Partitioned Relief-F is very close, and
LBI-BPSO shows a small advantage. For ground objects of different abundances, LBI-BPSO
can achieve the highest overall average score. When the SNR conditions change, LBI-BPSO
shows a stronger tolerance to noise.

The relative numerical difference δ of the classification results are calculated under the
two conditions of the highest (SNR = 1280) and the lowest (SNR = 10) SNR. Compared with
Partitioned Relief-F, the δ values of OA, AA and Kappa coefficients of LBI-BPSO decreased
by 4.95%, 5.64% and 8.16%, respectively. Compared with IOIF, LBI-BPSO reduces the
values of OA, AA and Kappa coefficients by 33.29% and 35.97% and 57.11%, respectively.
Compared with GA-BPSO, LBI-BPSO has lower δ values of OA, AA and Kappa coefficients
by 21.93%, 25.65% and 40.01%, respectively. The above experimental results show that
the classification performance of the LBI-BPSO method combining the two DR criteria of
the amount of information and inter-class separability is better than that of Partitioned
Relief-F, IOIF and GA-BPSO with a single criterion. The above advantages are beneficial to
technical research on the online classification of live images by preselecting wavelengths
with prior information.

Future Works.The use of image simulation based on hyperspectral measured data
and the LBI-BPSO DR method can provide a basis for the future development of low-cost
multispectral imaging technology. This will be used in the application scenario of online



Appl. Sci. 2022, 12, 3899 24 of 25

classification of spectrally similar ground object images. This way of thinking can save the
high cost of hyperspectral cameras, and uses only a small amount of prior information to
complete the establishment of specific ground object simulation data sets. It is used for
algorithm testing and related index analysis, and then through the selected wavelength, the
online classification technology of multispectral imaging for special objects is developed.
The future development goal is to use the wavelength selected by LBI-BPSO to cooperate
with the parallel unsupervised classification algorithm to conduct further research on
multispectral imaging online detection technology.
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