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Abstract. The urban built-up area is a key monitoring and statistics data of
national and provincial statistical departments, and has become an important
scale to reflect the level of urban development and predict the potential of urban
development. Based on the Landsat 8 images, by using the way of spectral
signature analysis, the study selected four indices, Modified Normalized Dif-
ference Built-up Index (MNDBI), Normalized Difference Vegetation Index
(NDVI), Modified Normalized Difference Water Index (MNDWI) and a set of
mineral index (Clay, Iron, Ferrous), and combined with the band operation and
K-means unsupervised classification algorithm to extract the range of urban
built-up area. Taking Shenyang as an example, the method proposed in this
paper was used to extract the built-up area of Shenyang and the Kappa coeffi-
cient of the extracted built-up area range was 0.9091 after the post-classification
treatment and refinement treatment of the built-up area.
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1 Introduction

The urban built-up area refers to the area within the urban administrative region that
has actually been developed and constructed, been provided with the municipal public
utilities and public facilities basically. Accurate acquisition of urban built-up area has
important guiding significance for urban construction, management and research, and is
also one of the important indicators reflecting the comprehensive economic strength
and urbanization level of a city [1, 2]. However, urban built-up area is a complex land
use type, which cannot be accurately extracted from remote sensing images by simple
methods [3]. DMSP/OLS nighttime light data are widely used at present [4], but it is
susceptible to the problems of saturation, diffusion and low resolution of nighttime
light data, so it is still a great challenge to extract urban built-up area by DMSP/OLS
data alone [5]. Object-oriented image segmentation method requires multiple experi-
ments to select appropriate threshold, segmentation method and rule set, which takes a
lot of time [6, 7]. And the index-based information extraction of built-up area has been
increasingly applied [3, 8] due to its simplicity and ease of use. The paper based on
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Modified Normalized Difference Built-up Index (MNDBI) [9], Modified Normalized
Difference Water Index (MNDWI) [10], and Normalized Difference Vegetation Index
(NDVI) [11], combined with a group of mineral indexes and unsupervised classifica-
tion methods [9, 12], proposed a rapid extraction method of urban built-up area based
on multiple indexes. The overall accuracy of extraction results after post classification
and refinement of built-up area can reach 97.14%, and the Kappa coefficient is 0.9091.

2 Extraction and Post Classification of Built-up Area

2.1 Extraction of Built-up Area

Ground objects in the urban built-up area of Shenyang can be divided into five types:
built-up area, forest land, arable land, bare soil and water [9, 10]. This paper randomly
selected 2,500 pixel points as samples, 500 pixel points for each type, and the reflection
spectrum characteristic curve of ground objects is shown in Fig. 1. The spectral sig-
natures of five types of ground objects was analyzed through the reflection spectrum
characteristic curves, which shows the differences between bare soil and built-up area
in Swirl was very small. So if the Normalized Difference Built-up Index (NDBI) [8]
(Formula (1)) was selected, the bare soil would be strengthened at the same time as the
built area, which is not conducive to the accurate extraction of the built area. This study
selected Modified Normalized Difference Built-up Index (MNDBI) proposed by
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Fig. 1. The reflection spectrum characteristic curves of ground objects
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Yueyao Hu to preliminary extract the built-up area of Shenyang. MNDBI used Swir2
instead of Swirl band of NDBI, enhanced the difference between the built-up area and
the bare soil, and effectively reduced the problem of miscellany between bare soil and
built-up area [9]. The MNDBI formula is shown in Formula (2).

Swirl — Nir
NDBl = ———F——— (1)
Swirl + Nir

Where Swirl is the reflectance of band 6 Shortwave Infrared 1 (1.57-1.65 pm), Nir is
the reflectance of band 5 Near-Infrared (0.85-0.88 pm).

Swir2 — Nir
MNDB] = ———F—— 2
Swir2 + Nir (2)

Where Swir2 is the reflectance of band 7 Shortwave Infrared 2 (2.11-2.29 pm).

Using MNDBI alone to extract the urban built-up area cannot avoid the interference
of water and vegetation in and around the urban built-up area, so vegetation index and
water index were introduced to reduce the influence caused by the wrong classification
of vegetation and water into built-up area. The Normalized Difference Vegetation
Index (NDVI) proposed by Rouse was selected, as shown in Formula (3). The Mod-
ified Normalized Difference Water Index (MNDWI) was selected because it still has
good extraction effect in the case that the background of the buildings is more [10].
This paper used Swir2 band instead of Mir [13] because the Landsat 8 OLI sensor does
not contain Mir band. The formula is shown in (4).

Nir — R

NDVI =
Nir +R

(3)
Where R is the reflectance of band 4 Red (0.64-0.67 pm).

G — Mir

MNDW] = ———
G + Mir

(4)
Where G is the reflectance of band 3 Green (0.53-0.59 pm), Mir is the reflectance of
band 7 Mid-Infrared (2.08-2.35 pm) of TM.

After index calculation, the threshold models of built-up area, water and vegetation
were constructed according to the statistical results, and binary classification was
carried out to eliminate the mixed water and vegetation in the built-up area, so as to
improve the classification accuracy.

Due to urban development and irregular distribution of bare soil, there were still a
lot of bare soil in the built-up area and surrounding towns after removing the distur-
bance of misclassified water and vegetation, which would affect the extraction accuracy
of the built-up area. In this study, the method of combining a group of mineral indexes
[12] with k-means unsupervised classification proposed by Ward in 2000 was used to
eliminate the bare soil mixed in urban built-up area. This method can effectively reduce
the wrong sample points which were misclassified into the built-up area, reduce the
discrete points outside the built-up area significantly, reduce the false alarm rate, and
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improve the overall accuracy and Kappa coefficient [9]. This group of mineral indexes
includes:

Iron Oxide Index:

Red

Iron = ——
Blue

Where Blue is the reflectance of band 2 Blue (0.45-0.51 pum).
Clay Mineral Index:

Swirl

Clay = 6
o Swir2 (6)
Ferrous Metal Index:
Swirl
F s = 7
errous Nir (7)

K-means clustering algorithm is an unsupervised real-time clustering algorithm
advanced by Mac Queen [14]. On the basis of minimizing the error function, the data is
divided into a predetermined number of clusters. The principle of the algorithm is
simple and it is easy to process a large amount of data [15].

2.2 Data Post-classification and Construction Area Refinement

Because the spectral characteristics of buildings in urban villages and urban built-up
areas are similar, many small patches were formed around the built-up area, which
affected the extraction accuracy. Within the built-up area, due to the existence of large
lakes, rivers and parks, the spectral characteristics of them are quite different from those
of the most widely distributed buildings in the built-up area, which often be missed and
form voids. In order to reduce the impact of small patches and voids and further meet
the needs of classification, the necessary post-classification and the refinement steps of
build-up area were needed. Majority Analysis and Clump were used to post process the
classification results.

Majority Analysis is a form of convolution filtering for smoothing and sharpening
purposes actually. It replaces the central pixel category with the pixel category which
occupies the most important position (the largest number of pixels) in the transform
kernel.

For the voids within the built-up area, although the low-pass filtering can smooth
the image well, it is affected by the coding of surrounding objects easily. Clump
processing solved this problem well. Clump processing is an algorithm that uses
mathematical morphological operators (erosion and dilation) to cluster and merge
adjacent similar classification regions.
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The extraction results of built-up area after post-classification still had some voids
that cannot be filled and small patches that cannot be removed. And it did not conform
to the definition of built-up area and was not conducive to data statistics, so built-up
area needed to be refined. The range of built-up area was transformed into vector and
imported into ArcMap 10.2. The fragmented map patches outside the built-up area
were deleted and the voids in the built-up area were filled, and the built-up area became
a whole map patch.

3 Experiment and Analysis

In this paper, Landsat 8 OLI image data in Shenyang on August 31, 2017 were
adopted, including 8 multispectral bands with resolution of 30 meters and a
panchromatic band with resolution of 15 meters. In order to obtain surface albedo,
radiometric calibration and atmospheric correction were carried out. In this paper, the
processing of remote sensing image data also includes image fusion and clipping. The
technical route of this experiment is as Fig. 2.
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Fig. 2. The flow chart of the built-up area extraction
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3.1 Extraction of Index and Establishment of Threshold Model

Figure 2 is the flow chart of the built-up area extraction. After many experiments and
statistical analysis, it is found that the brightness of the ground object corresponding to
each index is enhanced after calculation, while other objects are suppressed. Therefore,
it is easy to achieve the goal of binary classification by establishing a threshold model,
so as to extract the required ground objects for the next built-up area extraction and
vegetation and water mixed removal. The calculated value range of each classification
is shown in Table 1.

Table 1. The classification value range

Index Features The minimum | The maximum
MNDBI | Bare soil —0.3576 1.300
Forest land | —0.6664 —0.3820
Arable land | —0.7255 —0.4907
Water —0.6695 —0.3004
Built-up area | —0.5032 0.5248
NDVI Bare soil —1.2022 0.5553
Forest land 0.5698 0.8286
Arable land 0.6659 0.8137
Water 0.1328 0.8106
Built-up area | —0.4083 0.5391
MNDWI | Bare soil -0.5151 —0.2320
Forest land | —0.2709 —0.0692
Arable land | —0.2020 —0.0546
Water —0.1240 0.4789
Built-up area | —0.5122 0.1162

According to the value range of five types of ground objects after calculation and
combining with the actual situation, MNDBI threshold was chosen as —0.50 in order to
retain the scope of urban built-up area to the greatest extent. At this time, the arable
land was well removed, and would not be considered in the next extraction.

After visual inspection, part of woodland, water and bare soil were still mixed in the
extracted built area. These ground objects in the binary images obtained only through
MNDBI calculation and classification were difficult to be distinguished, so NDVI and
MNDWTI was introduced to extract and remove them in the next step.

According to the statistical results after NDVI calculation, 0.56 was selected as the
threshold value, as a result, not only was the built-up area preserved completely, but
also the forest land was removed well, the situation that part of the non-built-up area of
the forest land was misclassified into the built-up area was reduced effectively, and the
fine patches were reduced. Through the calculation of NDVI, the vegetation mixed in
urban built-up area was removed well. After MNDWI calculation, according to the
statistical results, a threshold value of 0.10 was selected to conduct binary classification
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Fig. 3. Extraction results of built-up area in each step
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of the calculated results. The index could well remove the water mixed in the built-up
area and the small patches outside the built-up area, while retaining the urban built-up
area to the greatest extent.

3.2 A Group of Mineral Indexes Are Used to Remove Bare

There was still a situation that bare soil was misclassified into built-up area after
exponential extraction, which was not conducive to the post-processing of data and the
evaluation of the final accuracy. In this paper, a group of mineral indexes were
introduced to identify and eliminate the misclassified bare soil in the urban built-up
area. Firstly, Iron, Clay and Ferrous were calculated, and the calculated results were
superimposed. K-means unsupervised classification algorithm was used to classify the
mineral indexes. The classification results were visually identified, and the bare soil
part was selected to be removed from the results obtained by index extraction. The
comparison of extraction results of each step is shown in Fig. 3.

4 Conclusion and Analysis

According to the definition of urban built-up area, the built-up area includes the areas
that have been developed and constructed in the urban administrative area, the
municipal public facilities and public facilities have been fully equipped in the urban

The reference range
| The extracting range

Fig. 4. The reference range of built-up area Fig. 5. The reference range and the extracting
(hand-extracting result (blue)) (Color figure range of built-up area
online)
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administrative area, includes the buildings, highways, bridges, lakes, rivers and other
infrastructures that have been built and improved in the urban area. Because of the
variety and complexity of the ground objects species, it was not typical to use the
Confusion Matrix Using Ground Truth ROIs function of ENVI 5.1 to evaluate the
accuracy of ground objects by using pixels based on their spectral characteristics. This
paper used area as evaluation criterion to establish confusion matrix to evaluate the
classification results, which could minimize subjectivity and reduce the impact of other
objects within the built-up area.

In 2017, the built-up area of Shenyang was 633.8 km® [16]. Taking the pre-
processed remote sensing data of Shenyang in August 2017 as the base map, referring
to the remote sensing images of the same period in 2015 and 2016, and combining the
image data and information provided by Google Earth and Auto Navi Map, a map
patch representing the urban built-up area of Shenyang was plotted. As shown in
Fig. 4, its area is 633.8 km”. Figure 5 shows the comparison between accuracy
assessment area and built-up area. The “combined” superposition analysis tool in
ArcMap 10.2 was used to combine the experimental results with the property sheet of
map patches in the built-up area of Shenyang. By comparison, the correct classification,
misclassification and missing area of built and non-built were calculated. Confusion
matrix was made and the User’s Accuracy, Producer’s Accuracy, Overall Accuracy
and Kappa coefficient of each step were calculated and were used to evaluate the
Accuracy, the results are shown in Table 2.

Table 2. The extracting accuracy chart of the built-up area in each step (User’s accuracy,
Producer’s accuracy, Overall accuracy and Kappa coefficient)

Precision index MNDBI Mineral Post Proper
extraction index classification refining

User’s accuracy 89.04% 66.96% 81.43% 92.46%

Producer’s 26.49% 45.46% 68.64% 91.91%

accuracy

Overall accuracy 52.845 79.28% 89.55% 97.14%

Kappa coefficient 0.1180 0.4140 0.6818 0.9091

The results show that the extraction effect was poor only through MNDBI, and only
the area of the User’s Accuracy meets the needs. However, many ground objects in the
built-up area were misclassified into non-built-up areas, resulting in low overall
accuracy and poor reliability. The results showed that it was not nearly enough to
extract the built-up area only through MNDBI because of the complexity of the ground
objects included in the urban built-up area, and the elimination and post classification
steps of other interfering ground objects must be carried out.

Eliminating the influence of water, vegetation, bare soil and other ground objects
could reduce the area of non-built area misclassified in the built-up area significantly,
but it also increased the voids in the built-up area, reduced the area, and reduced the
user accuracy. However, the overall classification accuracy and reliability were
improved significantly, but the available state has not been reached yet. Further post
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classification was needed to increase the built-up area, and improve user’s accuracy and
overall accuracy.

The post classification filled the voids existing in the built-up area, effectively
increased the area of built-up areas, and significantly improved the user’s accuracy. The
area of the non-built area which was misclassified into the built-up area and the area of
the built-up area which was misclassified into the non-built area were also significantly
reduced. The overall accuracy and Kappa coefficient were improved, which basically
achieved the desired results of the experiment.

The refinement of built-up area effectively removed the hard-to-remove villages
and large areas of land to be developed in the periphery of the city, and filled in the
large and hard-to-fill voids within the built-up area. Compared with the results before
refinement, the accuracy of the built-up area has been improved, the accuracy index has
reached more than 90%, and the extracted data has reached the available state, which
also proved the necessity of refinement of the built-up area.

The various remote sensing indexes adopted in this paper have the advantages of
convenient calculation, low learning cost, easy realization and the built-up area can be
extract fast. In addition, combined with the processing steps of removing vegetation,
water and bare soil mixtures, post-classification and refinement of built-up areas, the
final extraction results have high classification accuracy and location accuracy, which
all meet the statistical requirements. This method is suitable for rapid extraction and
long-term change monitoring of built-up area, and can play a very good role in the
monitoring of geographical conditions.
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