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Abstract

In order to solve the geometric offset caused by replacing the filter during imaging of multichannel spectral image
data, a multichannel spectral image registration method based on SURF feature merged with maximum submatrix
is proposed. Firstly, the feature of multichannel spectral image is extracted by SURF. Then, a perspective transformation is
performed to obtain a preliminary registration image. For the problem of invalid areas with zero pixel values appearing at
the boundary of the image after registration, the largest submatrix is used to detect the maximum inscribed rectangle of
the image to remove the invalid boundary region, and maximize the reserved effective region information. Experimented
was processed with multichannel imaging data of murals. Experimental results agree with the theoretic analysis and
verified that the proposed registration method is better adapted to image scale and brightness changing. At the same
time, it can avoid the influence of invalid regions generated by other registration methods on subsequent spectral
reconstruction and color restoration which has better performance.
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1 Introduction
Multichannel spectral imaging equipment needs to replace
the filter to adjust the imaging channel parameters during
data acquisition [1]. The operation of replacing the filter
will cause the position of the multispectral camera to shift
which resulting in geometric distortion and offset between
the multichannel images. This situation will affect the
subsequent spectral image pixel analysis and spectral
reconstruction [2]. Therefore, it is necessary to perform
registration pre-processing correction on multichannel
spectral images.
Accurate image registration is a necessary pre-processing

step for applications such as image fusion, target detection,
and spectral reconstruction [3–5]. Common registration
methods mainly include registration-based region and
registration-based feature. The registration-based region
method is sensitive to grayscale changes and difficult to
process images with weak gray correlation. And its compu-
tational complexity is relatively low. The registration-based
feature method is relatively small in computation. It also

has good adaptability to changes in image offset and rota-
tion. This method has gradually become the mainstream of
image registration.
The key to registration-based feature is to find a better

feature description method and feature matching
algorithm. Currently, common feature point extraction
methods are Harris feature extraction [6], scale invariant
feature transform (SIFT) [7, 8], and smallest univalve
segment assimilating nucleus (SUSAN) [9]. The SIFT pro-
posed by D.G. Lowe has been widely concerned by scholars
because of its invariance to illumination, rotation, scale,
and other transformations. However, SIFT requires a
128-dimensional vector feature operation with a large
amount of computation. The speeded up robust features
(SURF) [10] proposed by Herbert Bay [11] simplifies the
operation of image pyramid decomposition based on SIFT.
SURF is also a scale and rotation invariant feature descrip-
tion method which approximates the convolution of the
image. The concept of the integral map introduced by
SURF in the feature point positioning step greatly reduces
the computational complexity of solving the Hessian
matrix, and the computation time is reduced by more than
three times compared with SIFT.
Multichannel spectral camera imaging is a grayscale

image. Each channel reflects the spectral characteristics
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of different bands. And the gray value of the image changes
significantly. SURF method can extract feature points bet-
ter when the brightness changing greatly [12] which can
better adapt to the characteristics of the spectral image.
However, the multichannel spectral image after registration
using the SURF method results in an invalid region with a
pixel value of zero in the boundary region, which brings
computational errors to subsequent spectral reflectance re-
construction and color reproduction [13] based on multi-
channel images. Regarding the issue above, a multichannel
spectral image registration method based on SURF feature
fusion maximum submatrix is proposed in this paper. This
method firstly uses SURF to perform preliminary registra-
tion on multichannel spectral images. Then, the inscribed
rectangle detection method based on maximum submatrix
is used to segment the effective information area in the
preliminary registration result. The information of irregu-
larly aligned registration results is maximize retained,
which can get a final higher precision registration result.

2 Method
2.1 SURF feature extraction
The SURF consists of two main parts: feature point de-
tection and location and generating feature point de-
scription operator.

1) Feature point detection and location

The Hessian matrix HM(x, σ) is the core of the SURF.
In mathematics, the Hessian matrix is a square matrix of
second-order partial derivatives of a multivariate function,
describing the local curvature of the function. Before
SURF detects feature points, the integral image I is firstly
calculated. Then, feature point selection and scale trans-
formation have been done by using the Hessian matrix of
I. The value at any pixel p = (x, y) in image I is the sum of
the gray values of the corresponding rectangular area from
the upper left corner of the original image to any point. Its
mathematical formula is as follows:

I pð Þ ¼
Xi≤x
i¼1

Xj≤ y
i¼1

I i; jð Þ ð1Þ

On scale σ, the Hessian matrix HM(x, σ) of point p is
defined as follows:

HM x; σð Þ ¼ Lxx x;σð ÞLxy x;σð Þ
Lxy x;σð ÞLyy x;σð Þ
h i

ð2Þ

In HM(x, σ), x indicates feature point coordinates, σ in-
dicates scale. Lxx(x, σ),Lxy(x, σ), and Lyy(x, σ) is the convolu-
tion of image I at point P and Gaussian second-order

partial derivative ∂2gðσÞ
∂x2 . g(σ) is a Gaussian function as

shown below:

g σð Þ ¼ 1
2πσ2

e− x2þy2ð Þ=2σ2 ð3Þ

To simplify the calculation, SURF approximates the
second-order Gaussian filter with a box filter which in-
creases speed while maintaining performance. Take 9 × 9
box filter as an example, taking the scale σ = 1.2, the
Gaussian second-order partial derivative can be approxi-
mated as shown in Fig. 1.
Assuming that the parameters in the Hessian matrix

obtained by convolving the image with the above box filter
are Dxx, Dxy, and Dyy, respectively, the matrix in Eq. (2)
can be approximated as:

Det Hessianð Þ ¼ DxxDyy− wDxy
� �2 ð4Þ

where w is the box filter weight coefficient. When σ =
1.2, w can be approximated to 0.9. Establishing scale
space, in the 3 × 3 × 3 domain of the scale space, the value
of each point is compared with the adjacent position of
the current scale and 26 fields around the adjacent scale,
and the local maximum point is obtained. Through the
interpolation calculation, the final feature points in the
continuous space can be obtained.

2) Generating feature point description operator

Fig. 1 Box filter
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In order to ensure the rotation invariance of the feature
points, it is necessary to assign a main direction to the
feature points. The Haar wavelet response is calculated in
the x and y directions of each point in a circular region
centered on the feature point and having a radius of 6
times. These responses are given Gaussian weights. Adding
the horizontal response dx and the vertical response dy in
the sector area w every 60° to obtain the local direction
vector (mw, θw).

mw ¼
X
w

dxþ
X
w

dy

θ ¼ arctan
X
w

dx=
X
w

dy

 !
8>>><
>>>:

9>>>=
>>>;

ð5Þ

where mw is the sum of horizontal and vertical Haar
wavelet features for all points in the w sector. θw is the
local direction angle of Haar wavelet feature in the sec-
tor of w. Compare all local direction vectors (mw, θw)
and use the longest vector θ as the main direction of the
feature points as follows:

θ ¼ θw max mwð Þjf g ð6Þ
The second step of generating a feature point descrip-

tion operator is to create a feature descriptor for the fea-
ture point. After obtaining the main direction of the
feature point, the main direction is the x axis, and the
rectangular area of 20s × 20s is selected in the neighbor-
hood around the feature point. The Haar wavelet re-
sponse value of the pixel points in each subdomain by
dividing the rectangular area into 16 subdomains is cal-
culated. ∑dx, ∑ ∣ dx∣, ∑dy, and ∑ ∣ dy∣ are separately
counted to form a feature vector v = (∑dx, ∑ | dy, ∑ | dx| ,
∑ | dy| ). Each feature vector has 4 dimensions with a
total of 16 subfields, so a 64-dimensional feature point
description operator is finally obtained.

3) Feature point matching

After the feature description operator is generated,
the similarity matching is performed by using the fea-
ture description operator of the original image and
the target image. The Hessian matrix traces corre-
sponding to the feature points with the same contrast
are the same number, and the Hessian matrix traces
corresponding to different contrasts are different
numbers. Firstly, the Hessian matrix trace is used to
perform the preliminary matching of the feature
points, and the feature pairs of the same number are
selected. Secondly, the Euclidean distance matching
method is used to judge the similarity of the selected
feature pairs, and the one-to-one correspondence be-
tween the target image and the feature points to be

matched in the source image is found. Assuming that
(x1, x2…, xN), ðx01; x02…; x0N Þ is a pair of matching fea-
ture vectors, the Euclidean distance D between the
two vectors is calculated as follows:

D ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXN
i¼1

xi−x0i
� �2

vuut ð7Þ

The Euclidean distance of all the feature points to be
matched on the target image and the source image are
calculated. The minimum Euclidean distance Dnear and
the next smallest Euclidean distance Dsub _ near are
selected. Let η ¼ Dnear

Dsub near
, comparing η with threshold T,

if η < T, the feature point on the target image matches
the corresponding point on the source image Dnear.
Otherwise, it does not match.

4) Perspective transformation

According to the matching point, the coordinate rela-
tionship between the source image and the target image,
that is, the perspective transformation matrix H between
the two images, is as follows:

H ¼
h0 h1 h2
h3 h4 h5
h6 h7 1

2
4

3
5 ð8Þ

If p = (u, v), q = (x, y) is feature point pair for matching,
the projection transformation formula will be as follows:

x; y;wð ÞT ¼ H � u; v; 1ð ÞT ð9Þ

where (u, v) is the original image coordinates and ðxw ; ywÞ is
the target image after the transformation. Each parameters
hi(i = 0, 1, 2,…, 7) in H can be calculated from Eq. (9). The
perspective transformation is used to complete the regis-
tration of the original image to the target image.

2.2 Spectral image registration based on SURF features
SURF feature extraction and perspective transform-
ation are used to registration of multichannel spectral
images. The spectral image of one channel is taken as
the target image, and the transformation matrix H of
the other channel spectral image to the target image
is sequentially calculated. But there are still a large
number of erroneous matching points in the feature
points obtained through preliminary matching. In
order to ensure the calculation accuracy of the
perspective transformation model, the error matching
points should be eliminated as much as possible to
ensure the quality and effect of image registration.
The random sample consensus (RANSAC) [14]
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method is used to filter feature points. The steps to
use RANSAC are as follows.
Step 1: Four sets of feature point pairs are randomly

extracted from the preliminary matching set P. The
transformation matrix H is calculated and recorded as
the model M.
Step 2: The projection error of all data in P with

model M is calculated. If the result is less than the
threshold value t, add the inner point set I and
record the statistical error errormin under the model.
Step 3: The above steps are repeated. When calculat-

ing a new model, the statistical error error is compared
with the errormin size. If the error is smaller, update the
model M and errormin.
Step 4: The optimal model M of maximum inner point

set I is output.
The above four sets of feature point pairs are taken

in step 1 because the geometric transformation model
is selected as the perspective transformation model.
There are eight unknowns in the model, and at least
eight sets of linear equations are needed to solve. A
set of feature point pairs can list two equations, so
four sets of feature point pairs are selected. When the
threshold is set to t = 0.7, a better matching correct
rate can be obtained [15]. The optimal model M can
be obtained in each parameter hi(i = 0, 1, 2,…, 7).
After the perspective transformation, the registered

multichannel spectral image can be obtained. As can be
seen from Eq. (9), the perspective transformation regis-
tration is as follows:

x
0 ¼ x

w
¼ h0uþ h1vþ h2

h6uþ h7vþ 1

y
0 ¼ y

w
¼ h3uþ h4vþ h5

h6uþ h7vþ 1

ð10Þ

where (x′, y′) is the coordinate of the pixel point (u, v)
on the original image converted to the target image by
the Eq. (10). The effect of registering the spectral images
of any three channels using SURF is shown in Fig. 2.
Target is the target image. Channel 1, channel 2, and
channel 3 are the images to be registered.
As can be seen from Fig. 2, because of perspective

transformation, there are different degrees of black bor-
ders on the boundaries of each channel image after
SURF registration. Superimposing all channels, the
resulting spectral cube image has irregular boundaries.
Such spectral cube image data can have error effects on
later pixel analysis, spectral reconstruction, and color
reproduction. The irregular boundaries need to be
intercepted.

2.3 Maximum inscribed rectangle detection
The treatment of irregular boundaries is mainly to solve
the problem of the maximum enclosed rectangle (MER)
[16–18] of the target object. After obtaining the mini-
mum circumscribed rectangle of the target object, the
largest inscribed rectangle of the object in the minimum
circumscribed rectangle is found to obtain the maximum
inscribed rectangle area. At present, the commonly used
methods for obtaining the maximum inscribed rectangle

Fig. 2 Multichannel spectral original image and images registered by SURF
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are the traversal method and the central diffusion
method [19].

1) Traversal method

Given a coordinate point, all rectangular areas are cal-
culating with the point as the upper right corner within
the target object. Compare the rectangular area to get
the largest area rectangle with the point as the upper
right corner. The maximum inscribed rectangle of the
target object can be obtained by calling this method at
every point in the target object.

2) Central diffusion method

The minimum circumscribed rectangle center point
o(x, y) is calculating as follows:

x ¼ leftþ rightð Þ=2
y ¼ upþ downð Þ=2

� �
ð11Þ

where left and up are the vertices and ordinates of the
upper left corner of the minimum circumscribed rect-
angle, respectively, right and down are the ordinate and
ordinate of the lower right corner of the minimum cir-
cumscribed rectangle, respectively. Traversing up − 1 rows
on interval (left − 1, right + 1), whether the pixel is 0 is de-
termined. If the current line pixel is not 0, move the up −
1 line upward, that is up − 2; otherwise, stop moving. Tra-
versing down + 1 rows on interval (left − 1, right + 1), if the
current row pixel value is not 0, move the down + 1 line
upward, that is down + 2; otherwise, stop moving; travers-
ing right and left in the same way on interval (up − 1,
down + 1). When left, right, up, and down stop moving,
the enclosed area is the largest inscribed rectangular area.

2.4 Spectral image registration based on proposed
MSM-SURF
Aiming at the problems of SURF preliminary registration
and maximum inscribed rectangle detection methods, this
paper proposes a MSM-SURF (maximum submatrix-
SURF) method that combines SURF feature extraction
with the maximum submatrix to achieve more efficient
multichannel spectral image registration. The algorithm
flow chart of MSM-SURF is shown as in Fig. 3.
The n channel spectral images Mq(q = 1, 2,…, n) after

the SURF preliminary registration are superimposed to
obtain a matrix I. The superposition is as follows:

Iij ¼ 0 min k mk;ij

��� 	� � ¼ 0
max k mk;ij

��� 	� �
min k mk;ij

��� 	� �
≠0

� �
ð12Þ

where i, j respectively represent the rows and columns
of the matrix Mq, mk, ij is the pixel value of the spectral

image matrix Mk at i, and j of the kth channel after pre-
liminary registration. The effect of the matrix I obtained
by superimposing the spectral image matrix Mq of the
three channels is shown as Fig. 4.
As can be seen from Fig. 4, the superposition matrix

obtained after SURF preliminary registration makes the
invalid areas of the boundaries of each channel image
cumulatively superimposed. The boundary of the image
cube is irregular. For the binarization of the superpos-
ition matrix I, the maximum inscribed rectangle detec-
tion is performed. For the problems in the traversal
method and the central diffusion method, this paper
proposes the maximum submatrix (MSM) method for
maximum inscribed rectangle detection. The main idea
of the MSM method is that, in a given matrix, assuming
that the matrix element contains only 0 and 1, all sub-
matrices that do not contain any 0 elements have been
found. The area of all submatrices is calculated. The
submatrix with the largest area is the MSM.
The MSM method mainly includes the following steps:
Step 1: Set the value of the point in matrix I whose

value is greater than the threshold Q to 1, and the
remaining points are all 0. The target matrix I is binar-
ized. Since the multichannel spectral images are gray-
scale, the pixel value of the boundary invalid region is 0
after the perspective transformation. So set the threshold
Q to 0. Binarization matrix I is as follows:

Iij ¼ 0 Iij ¼ Q
1 Iij > Q

�
ð13Þ

Step 2: Matrix N with the same size as matrix I is cre-
ated. Initializing N, let N1j=I1j. When i > 1, if Iij ≠ 0,then
Nij = Iij + I(i-1)j. Nij = I(i-1)j; otherwise, Nij = 0.

Ni j ¼
I1 j i ¼ 1

0 i > 1 and I i j ¼ 0

Ii j þ Iði−1Þ j i > and Ii j ≠ 0

2
64

3
75 ð14Þ

Step 3: Array arr[row] is created. And row is the num-
ber of columns of the matrix N. Array raw data is stored
in arr. Traversing array arr is as follows:
a. If i = 0, the stack is empty at this time, put the array

index i = 0 onto the stack. Else if i ≠ 0, get the top elem-
ent of the stack firstly. When arr[i] ≥ arr[pop], push i
onto the stack.
b. If arr[i] < arr[pop], pop up the top element pop, let

h = arr[pop], w = pop − popnext − 1 where popnext is the
new top element after p popping. Let Sk = h ×w, repeat
step a until the array traversal is complete.
c. Compare the Sk size and find the maximum value

Smax = {k = 1, 2,…, n| max(Sk)}.
Step 4: Traversing matrix N by row, let arr[row] =Ni.

Repeat step 3 and get every line Smax. The area enclosed
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by Smax in the ith row is the largest submatrix MaxSi in
the first row to ith row of the matrix I. Let P = {i = 1, 2,
…, n| max(MaxSi)}, Pis the MSM of matrix I.
The calculated MSM is shown as Fig. 5.
The MSM is used to intercept the spectral image of

each channel after SURF preliminary registration, and
the MSM-SURF method registration result of each chan-
nel is obtained as shown in Fig. 6.
As can be seen from Fig. 6, MSM-SURF method uses

SURF feature extraction and projection transformation
to initially register multichannel spectral images. Then,
for the invalid region where the image boundary pixel

value of the initial registration is 0, the MSM is used for
interception. MSM-SURF method maximizes the reten-
tion of valid area information while intercepting invalid
regions of each channel spectral image, which improves
the effect of registration.

3 Experimental results
3.1 Experimental data
Spectral images of six channels of three sets of murals
were used as experimental data. The acquisition system
includes Ocean Optics’ SpectroCam VIS model CCD
multispectral camera, six narrowband interference filters

Fig. 3 The algorithm flow chart of MSM-SURF
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and CIE standard A illumination source. The spectral
images of each set of murals in six different band chan-
nels are collected as shown in Fig. 7.
In Fig. 7, the spectral images of each channel in each

group of murals have different degrees of offset geomet-
ric distortion, and registration correction is needed.

3.2 Evaluation standard
In order to test the registration performance of methods,
four criteria, feature point accuracy [20], registration
accuracy [21], effective area pixel percentage [22], and
operational time efficiency [23, 24] are used for objective
evaluation.
Registration accuracy is determined by the root mean

square error (RMSE) of the coordinates between all

matching feature point pairs of the source image and the
target image.

RMSE ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n

Xn
i¼1

∥ðx;i; y;iÞ− f
 
xi; yi

!
∥2

vuut ð15Þ

where (x′, y′) is the feature point coordinate on the
target image, (x, y) is the coordinate of the feature point
on the image to be registered, f represents coordinate
transformation relationship, and n is the number of
matching feature points after screening.
Feature point accuracy K is the ratio of the number of

correctly matched feature point pairs to the number of
all matching feature point pairs.

K ¼ R
N

� 100% ð16Þ

where R is the final correct matching feature point pair num-
ber, N is the total number of matching feature point pairs.
Effective area pixel percentage Rate is the ratio of the

number of pixels included in the region extracted by the
largest inscribed rectangle to the number of pixels in the
entire image.

Rate ¼ c
s
� 100% ð17Þ

where c is the maximum inscribed rectangle containing
the number of pixels and s is the number of pixels in the
entire image.

3.3 Experimental results
The experiment firstly compares the time efficiency of
SIFT and SURF merged with maximum inscribed rect-
angle detection of MSM. The experimental data of murals
A, B, and C is respectively processed with MSM-SIFT and
MSM-SURF methods. The effect of the methods is com-
pared as shown in the following Table 1.
The data of the murals A, B, and C are respectively

processed by traversing merged with SURF (T-SURF),
center diffusion merged with SURF (CD-SURF), and
MSM-SURF algorithms. The detection interception re-
sults of the three methods for the superposition matrix
after initial registration are shown in the Fig. 8.
Quantitative analysis of the above detection intercep-

tion results are performed by RMSE, K, time, and rate
criterion as shown in Table 2.

4 Discussion
The abilities of each registration methods for multichan-
nel spectral images discussed in this paper are compared
in this section. The scale invariance of SURF is better
than Harris. The time complexity of SURF is lower than
SIFT. And SURF is more robust to the image brightness

Fig. 4 The effect of matrix I obtained by superimposing

Fig. 5 The result of MSM interception
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Fig. 6 The result of MSM-SURF registration

Fig. 7 Multichannel image of six channels of mural
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changing. In the experiment, the perspective transform-
ation of SIFT and SURF for feature point detection and
matching are firstly compared. In order to get better ef-
fect of maximum inscribed rectangle detection, both
SURF and SIFT are merged with MSM. It can be seen
from Table 1 that compared with the MSM-SIFT, the
registration accuracy of MSM-SURF is a little better than
MSM-SIFT. The value of RMSE is reduced by about 0.3.
The feature point accuracy of MSM-SURF is much bet-
ter than MSM-SIFT. The value of K is increased by an
average of 21.5%. At the same time, due to the concept
of introducing integral images, the runtime of SURF is
greatly reduced by about 60% of SIFT. The result of

Table 1 shows that the overall performance of SURF is
better than SITF. Therefore, the subsequent experiments
mainly focus on SURF merging with different inscribed
rectangle detection methods.
The abilities of T-SURF, CD-SURF, and MSM-SURF

that SURF merged with different maximum inscribed
rectangle detection methods of traversal, central diffu-
sion, and maximum submatrix are compared. In the
practical situation, the traversal method has strong
robustness, but with high complexity which is not
suitable for large area target object detection. The
central diffusion method has low complexity, but with
sensitive changing to irregular object edges which

Table 1 Comparison of MSM-SIFT and MSM-SURF methods

Method RMSE K/% Time/ms

A B C A B C A B C

MSM-SIFT 1.754 1.741 1.738 54.70 42.00 30.80 2687 1615 2213

MSM-SURF 1.401 1.421 1.451 63.70 60.90 65.40 951 862 913

Fig. 8 Detection interception result of T-SURF, CD-SURF, and MSM-SURF

Wang et al. EURASIP Journal on Image and Video Processing        (2018) 2018:140 Page 9 of 11

RETRACTED A
RTIC

LE



leads to low detection accuracy. It can be seen from Fig. 8
that when the image offset after perspective transform-
ation is a large amount, T-SURF and MSM-SURF all retain
the same maximum information for the detection inter-
ception results of the superposition matrix. But when the
image offset is a small amount, only MSM-SURF retains
the maximum information. MSM-SURF has better adapt-
ability. Table 2 shows that since the three methods use
SURF, the registration accuracy of RMSE is almost the
same as feature point matching accuracy. Due to the ef-
fective area that can be retained by MSM after intercep-
tion, MSM-SURF has a slightly higher effective ratio than
T-SURF. At the same time, the effective ratio of CD-SURF
is only 60% of MSM-SURF. CD-SURF and MSM-SURF
are similar in runtime. Due to the larger amount of global
traversal calculation of traversal method, the complexity
of T-SURF is much higher than CD-SURF and
MSM-SURF. The time efficiency of T-SURF is about three
times that of CD-SURF and MSM-SURF. Based on the
above analysis, MSM-SURF not only has a higher effective
ratio of detection, but also has lower algorithm time com-
plexity, which is more suitable for registration of multi-
channel spectral images.

5 Conclusions
In this paper, a MSM-SURF method merged SURF fea-
tures with maximum submatrix is proposed based on
the characteristics of multichannel spectral images,
which improves the defects of existing matching and
inscribed rectangle detection methods. Experiment with
the multichannel spectral image data of the actual mu-
rals was processed. Experimental results show that
MSM-SURF can effectively combine SURF features with
maximum submatrix detection. MSM-SURF can solve the
problem of invalid boundary regions in SURF feature regis-
tration and can maximize the effective region information. It
has a good practical significance for the registration of multi-
channel spectral images.
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Table 2 Comparison of registration results of T-SURF、CD-SURF, and MSM-SURF

Method RMSE K/% Time/ms Rate/%

A B C A B C A B C A B C

T-SURF 1.402 1.422 1.454 64.30 62.60 66.10 3251 3015 3147 46.87 43.76 45.33

CD-SURF 1.405 1.419 1.449 64.20 61.10 65.90 997 859 956 29.21 27.62 28.45

MSM-SURF 1.401 1.421 1.451 63.70 60.90 65.40 951 862 913 53.11 46.86 50.32
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