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Hyperspectral Image Classification Using Fast and
Adaptive Bidimensional Empirical Mode

Decomposition With Minimum Noise Fraction
Ming-Der Yang, Kai-Shiang Huang, Yeh Fen Yang, Liang-You Lu, Zheng-Yi Feng, and Hui Ping Tsai

Abstract— The scattered pixel problem in hyperspectral images
caused by atmospheric noises and incomplete classification can
lead to unsatisfactory classification; this problem remains to be
solved. This letter reports the application of minimum noise
fractions (MNFs) combined with fast and adaptive bidimensional
empirical mode decomposition (FABEMD) as a two-step process
to improve the classification accuracy of airborne visible–infrared
imaging spectrometer hyperspectral image of the Indian Pine
data set. With dimensional reduction by using MNF, FABEMD,
considered as a low-pass filter, decomposes a hyperspectral image
into several bidimensional intrinsic mode functions (BIMFs)
and a residue image. The first four BIMFs are removed and
the remainder BIMFs are integrated to reconstruct informative
images that are subsequently classified through a support vector
machine classifier (SVM). The classification results show that the
proposed approach can effectively eliminate noise effects and can
obtain higher accuracy than does traditional MNF SVM.

Index Terms— Empirical mode decomposition (EMD), fast and
adaptive bidimensional EMD (FABEMD), hyperspectral image
classification, minimum noise fraction (MNF), support vector
machine (SVM).

I. INTRODUCTION

HYPERSPECTRAL image technology for land-cover
classification has improved tremendously [1]. Image

classification techniques are broadly used on remote sens-
ing images, and the classification value depends on their
accuracy [2]–[5]. Environmental noise and classifier effects
within hyperspectral images degrade classification accuracy
that remains to be solved [6]. Noise detection and dele-
tion trades off detail preservation against noise reduction
within an image to reduce noise contained in an image [7].
Several methods, such as statistical filters [8], discrete
Fourier transforms and wavelet estimation [9], [10], rota-
tion forests [11], morphological segmentation [12], [13], and
minimum noise fractions (MNFs) [14], were proposed to solve
noise problems.
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Recently, empirical mode decomposition (EMD) was pro-
posed as a 1-D signal decomposition method [15] and has been
applied in many applications [16]–[18]. EMD decomposes
an input signal into several hierarchical components known
as intrinsic mode functions (IMFs) and a residue signal.
As extensions of this concept, bidimensional EMD (BEMD)
was introduced to process 2-D images [19], and fast and
adaptive BEMD (FABEMD) was developed to improve the
computational complexity of BEMD [20]. Support vector
machine (SVM) classification is a well-known supervised
learning classifier that has been applied on many research
fields [21]–[26]. In a recent study, SVM hyperspectral image
classification on the Indian Pine image using spectral and spa-
tial information reached overall accuracy up to 97.24% [27].

This letter proposes a two-step (MNF and FABEMD)
process involving spectral information for classifying hyper-
spectral images. The Airborne Visible–Infrared Imaging Spec-
trometer (AVIRIS) Indian Pine data set was used. MNF,
and MNF-FABEMD images were fused into three image
composites for comparison purpose in SVM classification.

II. PROPOSED METHODOLOGY

The flowchart of the proposed process is shown in Fig. 1.
The goal is to extract sufficient information to enhance the
hyperspectral classification accuracy. An MNF transform is
executed as the first-step process, dimensional reduction.
Sequentially, the 1st to the 14th MNFs are selected to
compose three experimental image sets, namely, MNF1–5,
MNF1–10, and MNF1–14. In the second-step process, image
decomposition, the 14 selected MNF transformed images are
subjected to FABEMD. Two to seven low-order bidimen-
sional IMFs (BIMFs) are removed to minimize the influence
of redundant classification information. Three experimental
image sets—MNF-FABEMD 1–5, MNF-FABEMD 1–10, and
MNF-FABEMD 1–14—are fused for SVM classification, and
the classification results of MNF and MNF-FABEMD images
are compared.

A. Minimum Noise Fraction

For dimensionality reduction, MNF segregates noise from
informative data through modified principle component analy-
sis by ranking images on the basis of SNR [28]. The MNF
process defines a noise fraction of a band as follows:

Var{Ni (x)}/Var{Zi(x)} (1)
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Fig. 1. Flowchart of the proposed two-step process.

where Ni (x) is the noise content of the x th pixel in the i th
band, and Zi (x) is the value of the corresponding pixel [9].
An image has p bands with gray levels, Zi (x), i= 1, 2 · · · ,p,
where x is given as the image coordinate. A linear MNF
transform is as follows:

Yi (x) = aT
i Z(x), i = 1, . . . , p (2)

where ai are the left-hand eigenfactors of �Ni �
−1 and ui are

the corresponding eigenvalues of ai equal to noise fraction in
Yi (x). u1 ≤ u2 ≤ · · · ≤ u explains the ranking of MNFs by
image quality.

B. Support Vector Machine

An SVM classifier searches the largest distance between
the classified data to the nearest training data points of any
class and partitions the data set into two classes by using a
hyperplane. The larger the distance, the lower the classification
error [29]. The Gaussian radial basis function, a nonlinear
model, is employed as

k(xi , x j ) = exp(−γ ‖xi − x j‖2), for γ > 0 (3)

or

k(xi , x j ) = exp

(‖xi − x j‖2

2σ 2

)
, when γ = 1

2σ 2 (4)

where x represents two different classes and γ is a statistical
kernel parameter. The same parameters are set for all classifi-
cations to eliminate the effects of parameterization.

C. Fast and Adaptive Bidimensional Empirical
Mode Decomposition

The main steps of FABEMD are the same as in
BEMD [18], [30], but the upper and lower envelopes are
estimated using order statistics filters with setting the number

of sifting iterations for each BIMFs to one, which is the
most crucial advantage of FABEMD to reduce computational
complexity [19].

A 2-D array of local maxima and minima points generates a
maxima map (LMMAX) and a minima map (LMMIN). Both
BEMD and FABEMD use a neighboring window method to
find local extrema points. A point with a pixel value strictly
higher (lower) than all of its neighbors is considered a local
maxima (minima). A 3 × 3 window yields more favorable
local extrema detection results than large window sizes, and
therefore is usually adopted [20]. The neighboring points
within the window are neglected when extrema points are at
the boundaries or corners of images

amn �
{

Local Maximum if amn > akl

Local Minimum if amn < akl
(5)

where amn is an element of the array located at the mth row
and the nth column, and (8) and (9) represent k and l in (7)

k = m − wex − 1

2
: Fm + wex−1

2
, C(k �= m) (6)

l = n − wex − 1

2
: Fn + wex−1

2
, C(l �= m) (7)

where wex ×wex is the neighboring window size for detecting
extrema points.

In FABEMD, two-order statistics filters, MAX and MIN
filters, are used instead of iterative optimization approach in
BEMD to create continuous upper and lower envelopes for
local extrema, LMMAX, and LMMIN. Order statistics filters
are spatial filters based on ordering (ranking) the elements
contained within the data area encompassed by the filter. The
ranking result determines the response filter of every point.
These order statistics filters determine an appropriate window
size for envelope estimation.

On the basis of image Si , the window size of order statistics
filters is obtained from LMMAX and LMMIN maps, that is,
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when FT j = Si and j = 1, Pj and Q j can be derived from
the input image Si . For every local maxima point Pj and
local minima point Q j , the Euclidean distance to the nearest
nonzero point is calculated as two arrays of distances that
are called adjacent maxima distance array (AMAXDA) and
adjacent minima distance array (AMINDA), represented as
dadj-max and dadj-min, respectively. The number of AMAXDA
and AMINDA is equal to the number of local maximal and
minimal points in the maps Pj and Q j . The window size of
order statistics filters can be selected using the distance values
in dadj-max and dadj-min from the following four choices:

wen-g = d1 = minimum{minimum{dadj-max},
minimum{dadj-min}}

wen-g = d2 = maximum{minimum{dadj-max},
minimum{dadj-min}}

wen-g = d3 = minimum{maximum{dadj-max},
maximum{dadj-min}}

wen-g = d4 = maximum{maximum{dadj-max},
maximum{dadj-min}} (8)

where maximum{} represents the maximal elements in
the array, and minimum{} represents the minimal elements
in the array. wen-g is rounded to the nearest odd integer to get
the final window size, wen × wen.

Once the window size is determined, the intermediate tem-
porary state of BIMF (ITS-BIMF) with corresponding upper
and lower envelopes can be obtained by using MAX and MIN
filters. The ITS-BIMF value at the j th iteration is denoted as
FT j . The upper envelope (UE) and the lower envelope (LE)
are specified as

UE j (x, y) = MAX(s,t)∈Zxy{FT j (s, t)}
L E j (x, y) = MIN(s,t)∈Zxy{FT j (s, t)} (9)

where Zxy is the square matrix region wen ×wen at any central
point (x , y) of FT j , and the upper envelope UEj(x, y) is the
array of maximal values in FT j . Similarly, the lower envelope
LEj(x, y) is the array of minimal values in FT j . By applying
the MAX and MIN filters, new matrices are generated for
the upper and lower envelope surfaces from the given data
matrix. Then, an averaged smoothing operation is applied and
expressed

UE j (x, y) = 1

wsm × wsm

∑
(s,t)∈Zxy

UE j (s, t) (10)

L E j (x, y) = 1

wsm × wsm

∑
(s,t)∈Zxy

L E j (s, t) (11)

where Zxy is the square matrix region wsm = wsm at any central
point (x , y) of UEj(x, y) and LEj(x, y), and wsm is an averaged
smoothing window width, and wsm = wen. The data operations
in (10) and (11) are arithmetic mean filters smoothing local
variances, and the average envelope is calculated by using
smoothed envelopes UEj and LEj.

Fig. 2. BIMFs and residue image for MNF 1.

TABLE I

TESTING AND TRAINING PIXELS OF INDIAN PINE HYPERSPECTRAL IMAGE

III. RESULTS

A. Study Image

The Indian Pine image acquired from the AVIRIS sensor is
broadly used in image classification [31]. The hyperspectral
AVIRIS Indian Pine image with ground truth reference is
available at https://engineering.purdue.edu/∼biehl/MultiSpec/.
The area comprises one-third forest and two-thirds farmland;
the image is composed of 145 × 145 pixels, 220 spectral
bands, and 16 classes (Fig. 2). The ground truth reference has
10 347 pixels, and 700 pixels (nearly 6.8% of the 10 347
pixels) are used in this letter as training samples for the
following tests. The total number of testing and training pixels
corresponding to each class is given in Table I.

B. First Step (Dimensional Reduction—MNF Transform)

An MNF transform was performed to reduce noise and
dimensions of the Indian Pine image. The output of the MNF
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Fig. 3. Results of Canny edge detection for BIMFs in MNF1.

transform comprises new images ordered by SNR ranking and
image quality. In general, low-ordered MNF images contain
higher SNR and image quality. The first 14 MNF images
were extracted to compose three image composites, MNF1–5,
MNF1–10, and MNF1–14, for comparison.

C. Second Step (Image Decomposition—FABEMD Process)

In FABEMD, each MNF is decomposed into several BIMFs
and a residue image (see Fig. 2 for an example of MNF1).
The BIMF has the property of ranking frequency based on
BIMF order [32], and the lowest order BIMF has the highest
local spatial frequency detail and hence also noise [1]. In
addition, Canny edge detection was utilized with a threshold
of 0.04 on each BIMF, and the results also support the spatial
frequency ranking property of BIMFs (Fig. 3). Therefore,
the lower ordered BIMFs with relatively higher spatial fre-
quency details and noise, which not appropriate for classifi-
cation purpose, were removed. The remainder BIMFs and the
residue for each MNF image were fused to generate three
image sets, MNF-FABEMD 1–5, MNF-FABEMD 1–10, and
MNF-FABEMD 1–14.

D. Classification Evaluation of BIMFs Removal

The numbers of removed BIMFs with corresponding clas-
sification accuracy were evaluated for two image sets, MNF-
FABEMD 1–10 and MNF-FABEMD 1–14 (Fig. 4). The
result of MNF-FABEMD 1–5 was not presented due to the
length limitation. The OA and kappa were improved by
more than 10% after removing the first two BIMFs for both
sets. By removing the first four BIMFs, the accuracy levels
increased to 94.8% and 98.1% for MNF-FABEMD 1–10 and
MNF-FABEMD 1–14, respectively. Noticeably, the accuracy
levels demonstrated steady improvement and reached their
peaks when the first four BIMFs were removed. However, the
accuracy levels decreased nonsignificantly when the first five
or more BIMFs were removed.

Fig. 4. Classification accuracy of BIMFs removal.

Fig. 5. SVM classification results. (a) Ground truth. (b) MNF1–14.
(c) MNF-FABEMD 1–14.

TABLE II

CLASSIFICATION ACCURACY OF MNF SVM AND FABEMD-MNF
SVM ON INDIAN PINE HYPERSPECTRAL IMAGE

E. Accuracy Assessment

Three MNF image sets and three MNF-FABEMD image
sets were tested for SVM classification, and the results were
compared (namely, MNF SVM and MNF-FABEMD SVM).

The accuracy of MNF-FABEMD SVM is higher than that
of the MNF SVM (Table II and Fig. 5). The OA were
improved from 12% to 81.39% and 96.38% in MNF-FABEMD
SVM 1–5 and MNF-FABEMD SVM 1–10, respectively,
whereas the OA was improved from 14% to 98.14%
in MNF-FABEMD SVM 1–14.
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IV. CONCLUSION

To enhance hyperspectral image classification, this letter
proposed a two-step process integrating MNF and FABEMD to
reduce image dimension and decompose images. In addition,
FABEMD was utilized as a low-pass filter to extract functional
informative spectral BIMF images for classification. For the
Indian Pine hyperspectral image, the statistically significant
OA improvement indicates that the proposed MNF-FABEMD
process has superb and stable performance. The major findings
can be summarized as follows.

1) The proposed MNF-FABEMD process efficiently
eliminated noise and reduced dimensionality in
the Indian Pine hyperspectral image. The proposed
MNF-FABEMD SVM outperforms the traditional MNF
SVM with OA of up to 98.14% and without the
need for parameter setting to perform pure spectral
classification.

2) To extract sufficient spectral information for optimal
classification, this letter evaluated the optimal num-
ber of BIMFs to be removed by an exhaustive key
search process. The results show that the best classifi-
cation performance occurred when the first four BIMFs
were removed. However, even though the first five or
more BIMFs were removed, the accuracy levels of
MNF-FABEMD SVM decreased slightly and were
higher than that of the MNF SVM, which indicates
the stability and improvement of the proposed MNF-
FABEMD process in hyperspectral image classification.

At present, the proposed MNF-FABEMD method is a two-
step process that may raise a concern about the level of
complexity. The exhaustive key search process in determining
the optimal number of BIMF to be removed could be improved
by developing an index to automatically determine the optimal
BIMFs numbers in the further research.
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