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Abstract Different fusion algorithm has its own advantages and limitations, so it is very difficult to simply evaluate the good points and bad
points of the fusion algorithm. Whether an algorithm was selected to fuse object images was also depended upon the sensor types and special re-
search purposes. Firstly, five fusion methods, i. e. IHS, Brovey, PCA, SFIM and Gram-Schmidt, were briefly described in the paper. And
then visual judgment and quantitative statistical parameters were used to assess the five algorithms. Finally, in order to determine which one is
the best suitable fusion method for land cover classification of IKONOS image, the maximum likelihood classification (MLC) was applied using
the above five fusion images. The results showed that the fusion effect of SFIM transform and Gram-Schmidt transform were better than the other
three image fusion methods in spatial details improvement and spectral information fidelity, and Gram-Schmidt technique was superior to SFIM
transform in the aspect of expressing image details. The classification accuracy of the fused image using Gram-Schmidt and SFIM algorithms was
higher than that of the other three image fusion methods, and the overall accuracy was greater than 98% . The IHS-fused image classification
accuracy was the lowest, the overall accuracy and kappa coefficient were 83.14% and 0. 76, respectively. Thus the IKONOS fusion images ob-

tained by the Gram-Schmidt and SFIM were better for improving the land cover classification accuracy.
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1 Introduction

The image fusion can produce multi-spectral and high spatial reso-
lution image to achieve the complementation between a variety of
information resources, raise people’s awareness of remote sensing
data, and increase the decision-making scientificity and accuracy
1. Currently most of the studies of remote sensing image fusion
algorithm focus on selecting suitable fusion algorithm based on the
type of sensor or improving the original image algorithm in order to
improve the quality of fusion image. These studies rarely consider
the application purpose. Zhang Ningyu et al. use Brovey fusion
and wavelet fusion to analyze the impact on the amount of informa-
tion of QuickBird image, and find that the Brovey fusion method
does not apply to the processing of QuickBird remote sensing im-
age *'. Li Chunhua et al. perform the quantitative analysis of the
spectral fidelity and high frequency information integration, and
find that the fusion algorithm based on statistical theory is in gen-
eral better than the fusion method based on filtering principle, so
it is more suitable for the fusion of QuickBird high-resolution im-
age "', To minimize the spectral distortion of IKONOS 1-m fusion
image, Kalpoma KA and Kudoh ] use the steepest descent method
to establish the spectral response relationship between panchromat-
ic band and multispectral image band ™', Liu Jun et al. develop a

remote sensing image fusion method for fast discrete Curvelet
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transformation, and the fusion experiment and quantitative evalua-
tion of IKONOS, QuickBird, WordView-2 multi-spectral and pan-
chromatic image show that the method has obvious advantages over
traditional methods ). Wang Yanliang and Tang Yan discuss the
remote sensing image fusion method based on multi-band wavelet
transformation, and the experimental results show that the method
not only improves the clarity and resolution of the image, but also
retains the spectral information of the original image "*~7'. There
are also some experts and scholars using single or multi-sensor im-
age as the experimental data, and comparing the fusion effect of
different algorithms from spectral fidelity and clarity of spatial

structure information '

Various image fusion algorithms can
achieve the complementation between spatial resolution and spec-
tral resolution and improve the classification accuracy of remote
sensing image, but different fusion algorithms have different ad-
vantages and limitations, so it is necessary to further study on what
kind of fusion algorithm more conducive to improving the classifi-
cation accuracy of remote sensing image. With IKONOS panchro-
matic and multi-spectral data as the object of study, this paper u-
ses 5 algorithms (THS, Brovey, PCA, SFIM, Gram-Schmidt) for
image fusion and classification, and evaluates the image fusion
effect in order to find the IKONOS image fusion algorithm suitable

for land cover classification.

2 Image fusion algorithm and evaluation
Pohl et al. believe that the

most commonly used image fusion algorithm at present can be di-

2.1 Image fusion algorithm

vided into color synthesis, arithmetic algorithm and image transfor-
mation ' specifically including THS transformation, Brovey

transformation and PCA transformation. In recent years, the image
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fusion algorithm of SFIM transformation ™* | Gram-Schimdt trans-
[15]

formation , Ehlers transformation ®’ and pansharpening trans-
formation """ is also frequently reported.
2.1.1 IHS transformation. The THS transformation can be real-

ized using two methods. The first is the direct method, which
transforms the 3-band image into the specified THS space. The
second is the alternative method, which firstly transforms a data
set consisting of RGB3-band data into the separated ITHS color
space, then one of the components of THS is replaced by another
band image, and the fourth band image goes through the image en-
hancement processing, to obtain the same variance or mean as the
image to be replaced. Finally, the fusion image is generated
through the inverse transformation of IHS.

2.1.2

known as color standardization transformation. The multi-spectral

Brovey transformation. The Brovey transformation is also

band is firstly standardized, and then the standardized multi-spec-
tral image is multiplied by high-resolution image to obtain the im-
age after Brovey fusion. It is calculated as follows:

Fl.:Paani/:ElMi(iZI,Zﬁ) (1)

where F, is the corresponding band data after fusion; Pan is the
high-resolution panchromatic image data; M.is one band of multi-
spectral data.
2.1.3  Principal component analysis. Principal component analy-
sis (PCA) is to reduce multiple components into several integrat-
ed components by the dimension reduction technique. Firstly, the
principal component transformation is performed on the multi-spec-
tral image, and then the high-resolution image is stretched to the
same variance and mean as the first principal component; the
stretched high-resolution image replaces the first principal compo-
nent of multi-band image; finally, the image fusion is completed
by the PCA inverse transformation on the replaced image. The di-
rect transformation formula is as follows:

My, =TM (2)
where M, is the multi-spectral image; M is the principal compo-
nent image data obtained by the principal component transforma-
tion; T is the principal component transformation matrix obtained
by calculating the covariance matrix of original multi-band image
data.

The inverse transformation formula is as follows:

F=T"'M PCA (3)
where F is the image data after fusion; M, is the principal com-
ponent image data after the first principal component is replaced;
T™' is the inverse transformation matrix of principal component.
2.1.4
step for smoothing filter-based intensity modulation (SFIM) "™ to

Smoothing filter-based intensity modulation. The main

perform image fusion is to first carry out strict registration of high-
resolution images and low-resolution images, on this basis conduct
neighborhood smoothing convolution operation of high-resolution
images, and put the operation results as the median image. The
transformation formula is as follows:
IMAGE,,, x IMAGE
IMAGE

mean

IMAGE,,,, = high (4)

where IMAGE

tion images on high-resolution images ; IMAGE

is the image obtained by resampling of low-resolu-

low
ean 18 the image ob-
tained through the neighborhood smoothing convolution operation
of high-resolution images; IMAGE
2.1.5

formation is to orthogonalize the matrix or multidimensional images

1ign 15 the high-resolution image.

Gram-Schmidt transformation. The Gram-Schmidt trans-

to eliminate redundant information, and the key steps are as fol-

1. (i) using low spatial resolution multi-spectral images to

lows
simulate the high-resolution images; (ii) using the simulated
high-resolution images as the first component of Gram- Schmidt
transformation to carry out the Gram-Schmidt transformation of
simulated high-resolution band images and low-resolution images;
(iii) adjusting the statistical values of high-resolution images to
match the first principal component GS1 after Gram-Schmidt trans-
formation, in order to produce the modified high-resolution ima-
ges; (iv) using the modified high-resolution images to replace the
first component after Gram-Schmidt transformation to produce a
new data set, and conducting inverse Gram-Schmidt transformation
of new data set to produce the enhanced spatial resolution multi-
spectral images.

2.2 Analysis and evaluation of image fusion effect The
purpose of image fusion is to achieve complementarity between
spatial resolution and spectral resolution, and minimize loss of the
original information. The evaluation of its effect is often conducted
on the basis of visual check combined with mathematical statistics
method. The evaluation data selected in this paper is the IKONOS
image of Shihezi City on July 25, 2008, and the basic information

of experimental data is shown in Table 1.

Table 1 Basic information of experimental data

Data sources TKONOS satellite image
Shihezi

July 25, 2008

44.5912°N 86.0987°E

1 0.45-0.52 blue

2 0.52 -0.60 green

Location
Acquisition time

Center latitude and longitude

Wave band
ave b 30.63 -0.69 red
40.76 —0.90 near — infrared
2.2.1 Visual evaluation. For better comparison of visual effects

of different fusion methods, this paper extracts some sub-sections
from the whole scene image (Fig. 1). As can be seen from Fig.
1, the spatial resolution of image after fusion is significantly im-
proved ; the land and road borders are clear; the spatial texture in-
formation is greatly enhanced and details are more prominent. Al-
though there are small differences in improving the spatial texture
information between the five fusion algorithms, there are obvious
differences in the information fidelity. The fidelity of SFIM fusion
method is best, and the distortion of image obtained by IHS trans-

formation is obvious.
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Note: A (IKONOS multi-spectral image) ; B (Brovey) ; C (Gram-Schmidt) ; D (IHS); E (PCA); F (SFIM).
Fig.1 Fusion effect of IKONOS panchromatic and multi-spectral images
2.2.2

ble to observers’ experience and observing conditions, so this pa-

Quantitative analysis. The visual evaluation is suscepti-

per select 6 statistical parameters for measuring the amount of in-
formation (near-infrared band information entropy, average gradi-
ent, deviation index, correlation coefficient before and after fu-
sion, mean and standard deviation) to conduct the quantitative a-
nalysis of spectral texture information enhancement and spectral
information fidelity capacity. The statistical parameters are calcu-
lated in Table 2, and the quantitative evaluation results are shown
in Table 3.

As can be seen from Table 3, the mean of image after IHS
transformation and Brovey transformation is less than the mean of
the original image. After the fusion using other transformation
methods, the mean of image increases, and the mean for PCA fu-
sion method increases most, so the image is brightest after PCA
fusion. There is the smallest difference in the mean between the
fusion image obtained through SFIM transformation and the origi-
nal image, so from the mean evaluation indicator, the brightness
of image after SFIM transformation fusion is consistent with the
original image, and the fusion effect is most ideal. If regarding the
information entropy of fusion image as the evaluation indicator for
the quality of image fusion, the information entropy of fusion im-
age obtained using 5 transformation methods is improved in varying
degrees compared with the original image. From the deviation of

the fusion image from the original image, the deviation index fu-
sion image after IHS transformation is highest, indicating that the
correlation between fusion image obtained through IHS transforma-
tion and the original image is lowest. The deviation index of SFIM
transformation is smallest, followed by Gram-Schmidt transforma-
tion and Brovey transformation, indicating that the SFIM transfor-
mation keeps up the most spectral information of the original im-
age. The average gradient indicates the relative clarity of image
and reflects the texture richness of image after fusion. Table 3
shows that the ability of the 5 methods in this paper to express the
details of ground object is improved, and there are great differ-
ences in the average gradient between the image after fusion using
Gram-Schmidt transformation, PCA transformation or SFIM trans-
formation, and the original image, especially for Gram-Schmidt
transformation, indicating that Gram-Schmidt fusion algorithm has
the strongest ability to express the contrast of tiny details of image,
and the image clarity is better. From the correlation between the
original image and the image after fusion, the fusion image after
IHS transformation is least correlated with the original image, fol-
lowed by Brovey transformation. The correlation coefficient be-
tween the original image and the fusion image after SFIM transfor-
mation, Gram-Schmidt transformation or PCA transformation is
more than 0.9, indicating that there are great similarities in the

spectral characteristics between the original image and the image
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after fusion using the three methods, and spectral characteristics of

Table 2 Calculation formula of various parameters

the original image can be well kept.

Formula

Information entropy

Average gradient

Deviation index

Correlation coefficient

-1
H=ZpInp,
where is the probability of level i gray scale.

S L s DG =D i) £ (D) =D+ 1)
AG_(m—l)x(n—UE,:E.«/ 5

where m is the number of rows of image; n is the number of columns of image; D(i,;)is the

DN value of image in row 1 and column j.
e M), - MG,
M(i.j),

where m is the number of rows of image; n is the number of columns of image; M(i,j), is the

D, =

m i=1=1
pixel gray value of band % of the original image at (i, j).

S 3 (M(i ), M) (M (i), =M',)
cC ——

=
JEE MG, M) E S0 (), W)

where m is the number of rows of image ; n is the number of columns of image; CC is the cor-

relation coefficient of brand k of image before and after fusion; M (i,j), is the pixel gray value

of band k of the original image at (i, j) ,ﬁ, is the average gray value of band k;M'(1,j) is

the gray value of band % of the fusion image at (i, j) ;m is the average gray value of band k

Measuring the amount of information

Reflecting the ability of image to ex-

press the contrast of tiny details

Reflecting the degree of matching be-
tween fusion image and original image

on the spectral information

Reflecting the similarity in spectral
characteristics between fusion image

and original image

of the fusion image.
voN
Z223iy)
T MxN

Mean

Reflecting the average brightness of fu-

sion image

where Z (i, j) is the gray value of image at the coordinates (i, j).

Standard deviation

M —
320 -2

Reflecting the dispersion of image pixel

gray value relative to the average gray

7" MxN value
where Z (i, j) is the gray value of image at the coordinates (i, j).
Table 3 Quantitative evaluation of IKONOS multi — spectral and panchromatic band fusion results
Mean Standard Information Average Deviation Correlation
deviation entropy gradient index coefficient
Original image 84.548 50.420 8.436 7.531
IHS transformation 72.576 63.280 9.325 12.347 0.539 0.875
Brovey transformation 80.190 56.628 8.673 12.152 0.425 0.891
PCA transformation 95.658 57.045 9.531 14.846 0.478 0.913
SFIM transformation 84.604 60.453 9.646 15.079 0.307 0.907
Gram — Schmidt 91. 846 60.735 9.795 17.037 0.358 0.918

Note: The statistics are collected based on the NIR band whole scene image before and after the fusion.

3  The classification accuracy evaluation of the image
after fusion using different algorithms

For selecting the image fusion algorithm suitable for the land cover
classification of remote sensing image, this paper firstly uses the
maximum likelihood method to classify the fusion image after dif-
ferent transformation, and then uses confusion matrix to analyze
the classification results for further accuracy evaluation of 5 image
fusion algorithms.

3.1

lihood method is a supervised classification algorithm commonly

Maximum likelihood classification = The maximum like-

used in remote sensing image classification, with good statistical

properties "'*). This paper firstly uses hand-held GPS to conduct
field survey of different land use types within the study area to de-
termine the samples for supervised classification, and then uses
the maximum likelihood supervised classification method to classi-
fy the IKONOS fusion image after five kinds of transformation in
accordance with four land cover types (road, shelter forest, cotton
and grapes). The classification results are shown in Fig. 2, and
we can find that the fusion image after Gram-Schmidt transforma-
tion and SFIM transformation has good classification effect, while
the fusion image after IHS transformation has the worst classifica-

tion effect.
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Note: A (Brovey); B (Gram-Schmidt) ; C (IHS); D (PCA); E (SFIM).
Fig.2 The classification image of different fusion methods

3.2 Accuracy evaluation
the classification accuracy of different fusion algorithms, this pa-

For more objective evaluation of

per uses the ground truth ROIs to establish the confusion matrix
based on the field survey data, for calculating the overall accuracy
of fusion image after different transformation and the Kappa coeffi-
cients (Table 4). As can be seen from Table 4, the land cover
classification accuracy of fusion image by SFIM transformation and
Gram-Schmidt transformation is high, and the overall classification
accuracy is more than 98% . The classification accuracy of fusion
image after Gram-Schmidt transformation is slightly better than
that of fusion image after SFIM transformation; the classification
accuracy of fusion image after IHS transformation is lowest, and
the overall accuracy is only 83.14%.

Table 4 Evaluation of fusion image classification accuracy

Evaluation indicators PCA SFIM  Gram-Schmidt Brovey THS
Overall accuracy (% ) 94.07  98.60 98.95 92.09 83.14
Kappa coefficients 0.91 0.98 0.98 0.88 0.76

4 Conclusions and discussions

In this paper, with the IKONOS panchromatic and multi-spectral
image as the object of study, we use five algorithms ( IHS,
Brovey, PCA, SFIM and Gram-Schmidt) for image fusion. We
first use visual check and quantitative analysis to evaluate the im-

age fusion results, then use the maximum likelihood method to

classify the remote sensing image after fusion, and conduct the ac-
curacy analysis of classification results on this basis. In terms of
image spatial information improvement and spectral information fi-
delity, SFIM transformation and Gram-Schmidt transformation are
better, and the Gram-Schmidt transformation has the stronger abil-
ity to express the contrast of tiny details of image than SFIM trans-
formation, while in terms of spectral information fidelity, SFIM
transformation is slightly better than Gram-Schmidt transformation.
Among the five image fusion algorithms, the classification accura-
cy of fusion image obtained by Gram-Schmidt transformation is
highest, and the overall accuracy and Kappa coefficient are 98.
95% and 0.98, respectively. The classification accuracy of fusion
image after Gram-Schmidt transformation is slightly better than
that of fusion image after SFIM transformation; the classification
accuracy of fusion image after THS transformation is lowest, and
the overall accuracy and Kappa coefficient are only 83.14% and
0.76, respectively. Therefore, the IKONOS fusion image obtained
by Gram-Schmidt transformation and SFIM transformation is more
conducive to improving the land cover classification accuracy. A-
mong various image fusion algorithms, this paper only compares
five algorithms and performs the qualitative and quantitative evalu-
ation of image fusion effect based on specific object of study and
purpose of application to select the best image fusion algorithm
suitable for this study. However, there is a need to further verify

(To page 60)
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state in recent 20 years of Dongting Lake[J]. Research of Environmental
Sciences, 2013, 26(1) : 27 —=33. (in Chinese).

[4] RAO JP, YI M, FU Z, et al. Research on water quality changes in
Dongting Lake[J] . Yueyang Vocational Technical College, 2011, 26(3):
53 =57. (in Chinese).

[5] ZHOU H, OU FP, LIU Y. The analysis of the water quality and its change
trend of Dongting Lake during the period of" Eleventh Five — Year" [J].
Journal of Hunan Institute of Science and Technology ( Natural Sciences) ,
2011, 24 (2) . 88 —90. (in Chinese).

[6] LI YZ, LIU F, ZHANG CM. Analysis of change trend of water environment
and cause in the Dongting Lake wetland[J]. Ecology and Environmental
Sciences, 2011, 20 (8 =9): 1295 —1300. (in Chinese).

[7] CAO CS. Dynamics of water quality of East Dongting Lake and cause analy-
sis| D]. Hunan Agricultural University, 2012. (in Chinese).

[8] DOU HS, JIANG JH. Dongting Lake[ M ]. Hefei: Press of University of
Science and Technology of China, 2000. (in Chinese).

[9] ZHONG RL, BAO ZY, ZHOU X, et al. Temporal-spatial evolution of water
quality in Lake Dongting, China[J] . Journal of Lake Science, 2007, 19
(6): 677 —682. (in Chinese).

[10] ZHANG JM, YU JQ, LIU Y. Analysis on eutrophication evaluation index

and its evaluation of Lake Dongting[ J ]. Inland Fisheries, 2006, 31(2):
43 —44. (in Chinese).

[11] DAI SB, YANG SL, ZHU J, et al. The role of Lake Dongting in regulating

the sediment budget of the Yangtze River[ J]. Hydrology and Earth System

0090080000 S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00SOC

(From page 56)
whether this conclusion is still tenable when considering more

image fusion algorithms or using other classification methods.
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