
1. Introduction

Mapping of land use/land cover is one of the main
issues in remote sensing using various sensor images.
Accuracy of classification is still the important main
issue in the mapping of land use/land cover. To improve
the accuracy of classification, many researchers have

proposed various classification methods especially
focusing on advanced classifiers or multi-source data
fusion. The classification methods using the spectral
index images are very easy and useful to improve the
classification accuracy. The classification method based
on spectral index image combination improves the
classification accuracy using only band information
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without using any other special classifier or multi-
source information except band information. The
spectral index images in image classification have been
used as a new band containing a specific characteristic
on the earth surface.

The normalized difference vegetation index (NDVI)
(Rouse, 1974), which is calculated from the two spectral
reflectance measurements of near-infrared and red
bands, is widely used for estimating the area with strong
vegetation on the earth surface. In addition, normalized
difference water index (NDWI) (Mcfeeters, 1996) and
normalized difference built-up index (NDBI) (Zha et
al., 2003) are also used for extraction of water body and
built-up area, respectively.

Each spectral index is useful not only for estimating
pixels with a specific property in land cover classification
but also for improving accuracy of classification by
combining it with other spectral index. For example,
two spectral indices of the modified normalized
difference water index (MNDWI) (Xu, 2006) and the
automated water extraction index (AWEI) (Feyisa et
al., 2014) were combined to extract water bodies 
from Landsat 8 Operational Land Imager (OLI) image
(Japitana et al., 2019). The combination of the two
water indices produced higher overall accuracy compared
to other methods using two water index combination
or single water index methods. The combination of
NDWI and near infrared (NIR) reflectance for water
body extraction produced remarkable improvement 
in classification accuracy (Ye, 2015). The overall
accuracy and kappa coefficient of the NDWI and 
NIR combination method were 97.3% and 94.1%,
respectively, while the NDWI method produced the
overall accuracy of 89.5% and kappa coefficient of
69.6%. The combination of multiple feature images
such as mean and variance of pixels within a local 
area and derivatives of pixels was also proposed to 
find the corresponding feature points between stereo
images (Ye, 2007). Gao (1996) proposed the NDWI as
a vegetation index to measure vegetation liquid water

from space, i.e., the NDWI is a complementary index
for measuring vegetation strength. Thakkar et al. (2015)
added NDVI and NDWI to classification features
together with green, red and NIR bands of Indian
Remote Sensing (IRS)-R2 satellite image and obtained
improved classification accuracy of 7.95% compared
to the classification method using original four bands.

The objective of this study is to analyze the effect of
three representative indices, NDVI, NDWI and NDBI
on improvement of classification accuracy. In this 
paper we evaluate the effectiveness of each index on
improvement of classification accuracy by computing
the classification accuracies of the methods of each
index combination and three indices combination with
Landsat-8 OLI seven bands, respectively. As a kind of
feature selection problem, more spectral index images
used in image classification may contribute to the
improvement of classification accuracy. However, they
do not necessarily contribute like that if one of the
spectral index images has redundant property with
other feature images. This study has the meaning of
evaluating the redundancy of the three spectral index
images in image classification and also analyze the
effectiveness of each spectral index image on image
classification.

In this paper, we first analyze the effect of combination
of three spectral index images of NDVI, NDWI and
NDBI and the Landsat-8 OLI band images based on
our initial experiment (Park et al., 2018), in which three
indices of NDVI, NDWI and NDBI were used together
with Landsat-8 OLI seven bands for image classification.
After describing various spectral index image combina -
tion with Landsat-8 OLI seven bands, we then evaluate
the accuracies of classified images obtained from the
various spectral index image combination.

2. Index-based Classification

The objective of this study is to analyze which of 
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the spectral index images (NDVI, NDWI, NDBI) and
Landsat- 8 OLI band (1 to 7) feature combination has
a better accuracy for classifying the image into three
classes, vegetation, built-up area, and water. In this
study, four methods were proposed as feature image
selection method as shown in Fig. 1.

In the method 1, we select Landsat-8 OLI bands from
1 to 7 as feature images used for image classification.
In the method 2, three spectral index images (NDVI,
NDWI and NDBI) are used together with the Landsat-
8 OLI seven bands. The NDVI measures the vegetation
area by using the red and NIR band images. We obtain
the spectral index image using the following formula:

                         NDVI =                           (1)

The NDWI and NDBI are derived from the following
formulas, respectively:

                       NDWI =                         (2)

                       NDBI =                         (3)

In the method 3, three spectral index images (NDVI,
NDWI and NDBI) are used for image classification. 
In the method 4, each spectral index image is used

together with the Landsat-8 OLI seven bands. We apply
a simple histogram-based normalization to atmospheric
correction to each band. We select minimum and
maximum digital numbers (DNs) from the histogram
of each band and rescale the DNs to eight-bit scale
using the formula (4). To make sure that the pixels in
the spectral index images and band images are in the
range of 0 to 255, the Landsat-8 OLI bands and the
obtained spectral index images are normalized using
following formula:

                        IO = · 255                          (4)

where IIN and IO are intensity values before and after
normalization and IMIN and IMAX are minimum and
maximum intensity values in the image. For each of the
defined classes, vegetation, built-up area and water, a
training site is selected. An area of N × N pixels is
selected as the training site for each of the classes with
a predetermined starting point on the image. This
training site is selected for all the band images and
spectral index images included for each of the proposed
method. After selecting the training site for each of 
the classes, the feature vector I is now ready to be

NIR – Red
NIR + Red

NIR – Green
NIR + Green

SWIRI – NIR
SWIRI + NIR

IIN – IMIN

IMAX + IMIN
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Fig. 1.  Flow of the index-based classification.
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calculated. For each of the band and spectral index
images used in the proposed method, the mean value
is calculated from the training site area of each class.
The mean vector m of the training site for each class is
computed using the formula:

                            m = Ik                              (5)

where N × N is the total number of pixels belonging to
the training site for each class.

After obtaining the feature vector I for each class,
image classification is carried out using the minimum
distance classifier for each method. We employ the
minimum distance classifier in the image classification
because it is a representative classifier, which does not
need any assumption of spectral distribution of each
class. We compute the vector distances from each pixel
to the mean vector m of each class and find the class
with a minimum distance from the pixel. To assess 
the resulting classified image obtained by each of the
proposed methods, confusion matrix is constructed.
Using the confusion matrix, overall accuracy and kappa
coefficient are obtained to measure the accuracy of each
proposed method. Reference points are selected from

the image using the random sampling method. We
generate two random numbers, which are used as the
row and column coordinate values of each reference
point, in the range 1 to height and width of image,
respectively. For 200 reference points, we check whether
each reference point belongs to a certain class.

3. Experimental Results

1) Study area and datasets
The image dataset used in this study was taken from

Landsat-8 OLI bands 1 to 7 acquired on February 7,
2014. Fig. 2 shows two Landsat-8 OLI images of size
250 × 250 pixels over Metro Manila in Philippines and
also three training sites of vegetation, built-up area and
water. The training sites in site A and site B are 20 × 20
and 15 × 15 pixels in size, respectively. The site A
contains large built-up area and vegetation area with
relatively simple spectral characteristic, while the site
B contains large vegetation area with more diverse
spectral characteristic compared to the site A.

Three spectral index images of site A and site B were

1
N · N

N·N
∑
k=1
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                                                       (a)                                                                                                         (b)

Fig. 2.  Two test Landsat-8 OLI images over Metro Manila in Philippines acquired on February 7, 2014 (a) site
A (b) site B.
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                                          (d)                                                               (e)                                                                 (f)

Fig. 3.  Enhanced Landsat-8 OLI band images and spectral index images for site A (a) band 5 (b) band 6 (c) band
7 (d) NDVI (e) NDWI (f) NDBI.

                                          (a)                                                               (b)                                                                 (c)

                                          (d)                                                               (e)                                                                 (f)

Fig. 4.  Enhanced Landsat-8 OLI band images and spectral index images for site B (a) band 5 (b) band 6 (c) band
7 (d) NDVI (e) NDWI (f) NDBI.

                                          (a)                                                               (b)                                                                 (c)
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created using the formulas (1), (2) and (3), respectively.
Fig. 3 and Fig. 4 show the three spectral index images
(NDVI, NDWI and NDBI) of site A and site B,
respectively, together with some bands of Landsat-8
OLI. The relatively bright pixels in NDVI, NWI and
NDBI, represent the areas belonging to vegetation,
water body and built-up area, respectively. The intensity
of pixels belonging to water is very noticeable in both
NDVI and NDWI images.

2) Experimental results of site A
Fig. 5(a) shows the result of image classification 

by Method 1 for site A, which uses only Landsat-8 OLI
bands from 1 to 7 as classification feature. Many pixels
in built-up area were classified into water. The user’s

accuracy of water in the Method 1 produced very low
value of 41.6%, while the overall accuracy of 87.8% and
kappa coefficient of 77.2% were obtained, respectively,
as shown in Table 1. One of the reasons is that the
intensities of water and built-up area in Landsat-8 OLI
bands from 1 to 3 are very similar in site A. The mean
intensity of the training site for built-up area in band 1
is 40.4, while that of the training site for water in band
1 is 38.7. The difference of mean intensities between
built-up area and water is 1.7, which is too small to
discriminate clearly built-up area and water.

Fig. 5(b) shows the result of image classification by
the Method 2 for site A, which used Landsat-8 OLI
bands from 1 to 7 together with the three spectral index
images, NDVI, NDWI and NDBI. Many pixels classified
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Fig. 5.  Results of image classification for site A (a) Method 1: Landsat-8 7 bands (b) Method 2: Landsat-8 7 bands +3 Index
Images (c) Method 3: 3 spectral index images (d) Method 4.1: Landsat-8 7 bands+NDVI (e) Method 4.2: Landsat-8
7 bands+NDWI (f) Method 4.3:Landsat-8 7 bands+NDBI.

                                   (a)                                                                       (b)                                                                       (c)

                                  (d)                                                                       (e)                                                                       (f)
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into water in Fig. 5(a) were classified into built-up 
area. The overall accuracy and kappa coefficient of the
Method 2 produced higher values of 93.0% and 86.8%,
respectively, than the Method 1 as shown in Table 2.
The Method 2 produced a remarkable increase of
45.9% in user’s accuracy of water compared to the
Method 1.

Fig. 5(c) shows the result of image classification 
by the Method 3, which used only the three spectral

index images, NDVI, NDWI and NDBI in image
classification. The Method 3 produced similar result
compared to the Method 2, except that some pixels
belonging to the boundary of water were classified into
built-up area. The overall accuracy of 90.5% and kappa
coefficient of 81.9% for the Method 3 as shown in
Table 3 were lower than the Method 2 and higher than
the Method 1.

In the Methods 4.1, 4.2 and 4.3, Landsat-8 OLI
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Table 1.  Accuracy assessment of Method 1: Landsat-8 7
bands for site A

Vegetation Built-up A. Water Row 
Total

U.A. 
(%)

Vegetation 52 2 2 56 92.9
Built-up A. 1 107 0 108 99.1

Water 8 13 15 36 41.6
Col. Total 61 122 17 200
P. A. (%) 85.2 87.7 88.2
O.A. (%) 87.0
K.C. (%) 77.2

Table 2.  Accuracy assessment of Method 2: Landsat-8 7
Bands + 3 Index Images for site A

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 56 6 3 65 86.2
Built-up A. 3 116 0 119 97.5

Water 2 0 14 16 87.5
Col. Total 61 122 17 200
P. A. (%) 91.8 95.1 82.4
O.A. (%) 93.0
K.C. (%) 86.8

Table 3.  Accuracy assessment of Method 1: 3 spectral
index images (NDVI, NDWI, NDBI) for site A

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 52 6 1 59 88.10
Built-up A. 7 115 2 124 92.70

Water 2 1 14 17 82.35
Col. Total 61 122 17 200
P. A. (%) 85.2 94.3 82.4
O.A. (%) 90.5
K.C. (%) 81.9

Table 4.  Accuracy assessment of Method 4.1: Landsat-8
7 bands+NDVI for site A

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 56 5 3 64 87.5
Built-up A. 2 116 0 118 98.3

Water 3 1 14 18 77.8
Col. Total 61 122 17 200
P. A. (%) 91.8 95.1 82.4
O.A. (%) 93.0
K.C. (%) 86.9

Table 5.  Accuracy assessment of Method 4.2: Landsat-8
7 bands+NDWI for site A

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 57 6 3 66 86.4
Built-up A. 2 116 0 118 98.3

Water 2 0 14 16 87.5
Col. Total 61 122 17 200
P. A. (%) 93.4 95.1 82.4
O.A. (%) 93.5
K.C. (%) 87.8

Table 6.  Accuracy assessment of Method 4.3: Landsat-8
7 bands+NDBI for site A

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 51 3 3 57 89.5
Built-up A. 1 107 0 108 99.1

Water 9 12 14 35 40.0
Col. Total 61 122 17 200
P. A. (%) 83.6 87.7 82.4
O.A. (%) 86.0
K.C. (%) 75.4
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bands from 1 to 7 were used together with one of the
three spectral index images. The Method 4.1, which
used NDVI as the spectral index image, produced the
overall accuracy of 93.0% and kappa coefficient of
86.9% as shown in Table 4 (Fig. 5(d)). The Method 4.2,
which used NDWI as the spectral index image, also
produced a little higher overall accuracy of 93.5% and
kappa coefficient of 87.8% as shown in Table 5 than
the Method 2 and Method 4.1 (Fig. 5(e)). The result of
the Method 4.3, however, showed lower overall
accuracy of 86.0% and kappa coefficient of 75.4% than
all the other methods (Table 6). The classified image of
the Method 4.3 is similar to the Method 1 as shown in
Fig. 5(f) and many pixels in built-up area were
classified into water like Fig. 5(a). The distribution of

misclassified pixels with blue color in built-up area in
Fig. 5(f) shows visually a similar pattern as in Fig. 5(a),
while other classified images shows visually similar
classification result except that some pixels in non-
water area in Fig. 5(d) were misclassified into water by
the Method 4.1.

One of the reasons is that the some pixel intensities
in water and built-up area in the NDBI image are
similar in site A. The difference of mean intensities
between training sites of built-up area and water is 21.1
and some pixels in built-up area have intensity values
similar to those of water. This seems to cause the class
separability between two classes of built-up area and
water decrease in image classification. The two methods
of Method 4.1 and Method 4.2, which did not use
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Fig. 6.  Results of image classification for site B (a) Method 1: Landsat-8 7 bands (b) Method 2: Landsat-8 7 bands +3
spectral index images (c) Method 3: 3 spectral index images (d) Method 4.1: Landsat-8 7 bands+NDVI (e) Method
4.2: Landsat-8 7 bands+NDWI (f) Method 4.3:Landsat-8 7 bands+NDBI.

                                   (a)                                                                       (b)                                                                       (c)

                                  (d)                                                                       (e)                                                                       (f)
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NDBI image, show a little higher overall accuracy and
kappa coefficient than the Method 2, which used the
three spectral index images including NDBI.

3) Experimental results of site B
Fig. 6 and Table 7~Table 12 show the classified

images and accuracy assessment of each method for
site B. The classified images for site B shows similar
tendency to site A. Some pixels in built-up area 

and vegetation area were classified into water in the
Method 1 (Fig. 6(a)). The user’s accuracy of water for
the Method 1 produced very low value of 27.5%, while
the overall accuracy of 72.5% and kappa coefficient of
55.5% were obtained, respectively. The three methods
of Method 2, Method 4.1 and Method 4.2, which
contained NDVI and NDWI images together with
Landsat-8 OLI bands from 1 to 7 as feature images
show relatively high overall accuracy of about 84.0%
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Table 7.  Accuracy assessment of Method 1: Landsat-8
7 bands for site B

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 89 14 0 103 86.4
Built-up A. 4 42 0 46 91.3

Water 12 25 14 51 27.5
Col. Total 105 81 14 200
P. A. (%) 84.8 51.9 100.0
O.A. (%) 72.5
K.C. (%) 55.5

Table 8.  Accuracy assessment of Method 2: Landsat-8
7 Bands + 3 spectral index images for site B

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 93 21 0 114 81.6
Built-up A. 9 60 0 69 87.0

Water 3 0 14 17 82.4
Col. Total 105 81 14 200
P. A. (%) 88.6 74.1 100.0
O.A. (%) 83.5
K.C. (%) 70.3

Table 9.  Accuracy assessment of Method 1: 3 spectral
index images (NDVI, NDWI, NDBI) for site B

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 85 17 0 102 83.3
Built-up A. 17 64 1 82 78.1

Water 3 0 13 16 81.3
Col. Total 105 81 14 200
P. A. (%) 81.0 79.0 92.9
O.A. (%) 81.0
K.C. (%) 66.1

Table 10.  Accuracy assessment of Method 4.1: Landsat-8
7 bands+NDVI for site B

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 95 22 0 117 81.2
Built-up A. 9 59 0 68 86.8

Water 1 0 14 15 93.3
Col. Total 105 81 14 200
P. A. (%) 90.5 72.8 100.0
O.A. (%) 84.0
K.C. (%) 70.9

Table 11.  Accuracy assessment of Method 4.2: Landsat-8
7 bands+NDWI for site B

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 95 22 0 117 81.2
Built-up A. 9 59 0 68 86.8

Water 1 0 14 15 93.3
Col. Total 105 81 14 200
P. A. (%) 90.5 72.8 100.0
O.A. (%) 84.0
K.C. (%) 70.9

Table 12.  Accuracy assessment of Method 4.3: Landsat-8
7 bands+NDBI for site B

Vegetation Built-up A. Water Row
Total

U.A.
(%)

Vegetation 88 12 0 100 88.0
Built-up A. 4 43 0 47 91.5

Water 13 26 14 53 26.4
Col. Total 105 81 14 200
P. A. (%) 83.8 53.1 100.0
O.A. (%) 72.5
K.C. (%) 55.9

06Abraham Magpantay(561~571)(Fig.2)ok.qxp_원격35-4_2019  2019. 8. 28.  오전 10:55  페이지 569



and kappa coefficient of about 70%, while the Method
4.3 shows low overall accuracy of 72.5% and kappa
coefficient of 55.9%. The visual pattern of the classified
images of site B is similar to that of site A, where we can
see some pixels in non-water area were misclassified into
water by Method 1 and Method 4.3.

4) Analysis on the effect of spectral index
image on classification accuracy
From the experiment results obtained from site A and

site B, we observed that image classification containing
Landsat-8 OLI bands from 1 to 7 and two spectral
index images of NDVI and NDWI produced higher
overall accuracy and kappa coefficient than the Method
1 using only Landsat-8 OLI 7 bands. When the spectral
index image of NDBI is inserted to the Landsat-8 OLI
7 bands, the accuracies remain similar or decreased a
little compared to those of the Method 1, which uses
only Landsat-8 OLI 7 bands. This seems to be due to
the low class separability of NDBI image between the
two classes of built-up area and water. When many
feature images are used in image classification like 
the Method 2, the effect of NDBI on classification
accuracies decreases relatively, i.e., the accuracies of

the Method 2 are a little lower than the Method 4.1 and
the Method 4.2. The effect of NDBI increases relatively
when the number of feature images is small like the
Method 3, which uses only three index images. Fig. 7
shows the comparison of classification accuracies of
each classification method for site A and site B. We 
can see easily that Method 2 (M2), Method 4.1 (M4.1)
and Method 4.2 (M4.2) are the three methods with
relatively high classification accuracies.

4. Conclusions

In this paper, we analyzed the effect of spectral index
images on improvement of classification accuracies of
Landsat-8 OLI image. We created the images of three
representative indices of NDVI, NDWI and NDBI
using Landsat-8 OLI band images and then used these
spectral index images as classification features in
various methods together with Landsat-8 OLI bands
from 1 to 7.

When the spectral index image of NDVI or NDWI
is used as one of the classification features together with
the Landsat-8 OLI bands from 1 to 7, we can obtain
higher overall accuracy and kappa coefficient than 
the method using only Landsat-8 OLI 7 bands. When
the NDBI is inserted to the Landsat-8 OLI 7 bands,
however, the accuracies remain similar or decrease a
little compared to those of the method, which uses only
Landsat-8 OLI 7 bands. This seems to be due to the low
class separability of NDBI image between the two
classes of built-up area and water. From the experiments,
we can conclude that NDVI and NDWI are useful
index images for image classification and when NDVI
and NDWI are used as classification features together
with Landsat-8 OLI 7 bands, then the classification
accuracies are not heavily influenced by the addition of
NDBI to classification features. This means that as a
kind of redundant feature, the NDBI with low class
separability between the two classes of built-up area
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Fig. 7.  Comparison of overall accuracy (O.A.) and kappa
coefficient (K.C.) for site A and site B according to
classification methods. (A) and (B) in the legend
represent site A and site B, respectively.
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and water, does not contribute to the improvement of
classification accuracies.

The proposed method was tested using the two sites
where the spectral characteristic of water is very clear
to be differentiated from other land cover types while
the discrimination between built-up area and vegetation
is not easy due to diverse spectral characteristic of built-
up area. Although the two tested sites are sufficient to
demonstrate the relative improvement of classification
accuracy by spectral index image combination, further
studies on test sites with more diverse and complex land
cover types are needed.
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