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Abstract

Change detection of building from high-resolution remote sensing images is an important and challenging
research field in remote sensing. In this paper a novel technique for building change detection from remote
sensing imagery is presented. First, The Morphological Building Index (MBI) features values are computed
for each of the pair images from our datasets and then change of these two MBI images is measured to
indicate the building change. For evaluation purpose, the experiments are carried on IKONOS and Quick
Bird images. The results show that the proposed technique can attain acceptable correctness rates above
90% with overall errors fewer than 9%. Compared with state-of-the-art methods in building change
detection; the proposed framework is computationally much more efficient while achieving better

performance in terms of correctness, completeness, and quality.
Keywords— Accuracy Assessment, Building, Change Detection, High Resolution Satellite Image,
Morphological Building Index (MBI), Remote Sensing.

1. Introduction

Remote sensing technology is an important tool to
get useful information from earth surface features.
Change detection [1] is a procedure to recognize
variation in the images by analyzing the remote
sensing data taken at different time over the same
region. It has many applications such as building
damage assessment, land -use and land-cover
change [4], urban landscape design, assessment of
regional environments, disaster management and
Geospatial Information Systems updating [2, 3, 4].
With the advance of technology, and the
improvement in remote sensing, the high resolution
remote sensing imagery has been widely used in
change detection [6].This vast amount of remote
sensing images needs automation to carry out the
change detection jobs timely and cost effectively. In
this regard, automatic building change detection
from remote sensing imagery is an important work
in that area as the manual processing is costly and
time consuming.

Various techniques have been reported in the
literature for the building change detection using
remote sensing imagery. These techniques are
basically divided into two core groups: multi
temporal and mono-temporal methods [7]. Multi-
temporal methods identify changes between the
early and late images taken at two different times of
the same region and in mono-temporal method,; later
data is only used for investigation. Image rationing,
image differencing [5], principal component
analysis and post-classification comparison are the
frequently used methods in change detection studies
[4, 8, 9, 10]. There are also several other techniques
such as digital image classification, artificial neural
networks, spectral mixture and texture and analysis
to identify the change of buildings [4, 8, 9, 11, 12].
Although many hard works have been made to the
development of building change detection
techniques, still it is an open research problem in
remote sensing. Now-a-days, much attention has
been given on the extraction of features that can be

used to extract buildings from remote sensing
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images without the need of training data or complex
segmentation processes.

This paper presents a building change detection
technique from satellite images taken at two
different times over the same region. In this
proposed approach first object-specific
discriminative features are extracted using MBI [12,
13, 14] feature index to automatically detect the
existence of building from remote sensing images.
The MBI features values are computed for the both
images under experiment and then change of MBI
value is taken to measure change information. The
key benefit of MBI is that it has no need of any
training data. Before doing this step, the pair of two
images taken at two different times is pre-processed
to geometrically adjust images, radiometric
correction and co-register the min common
coordinate system. The location of building change
is displayed using a change detection map.

The rest of the paper is prepared as follows. Section
2 describes the design flow of the proposed
approach with some theoretical overview of MBI
and pseudocode of the proposed algorithm. The
dataset used in this experiment is introduced in
Section 3. Experimental results are reported in
Section 4. Section 5 gives a comparison analysis.
Section 6 concludes this paper with future direction.

2. Methodology

The design flow of the proposed method is shown in
Fig. 1. Each step is described in this section.

Satellite data
Imagery of study area, acquired at different
time over the same region

v

Pre-processing and Registration

Geometrically adjust images using techniques Geo-
reference, radiometric correction and co-register Images

v

Change detection method based on Object-specific
discriminative feature Generation using Morphological
Building Index (MBI) to generate change map

v

Change Detection
Algorithm

Change detection

Ground truth data

«— Vglidate change maps
using reference data

Locate building change
using change detection maps

v

Accuracy Assessment

Fig. 1 Building Change Detection Methodology

2.1.Pre-processing

The pair of two images taken at two different times
over the same region is pre-processed to eliminate
geometric errors, and register them to a same
coordinate system so that corresponding pixels
represent the same objects. The process of image
registration is done by ERDAS Imagine 2014. At
the end, histogram matching technique is applied for
the radiometric adjustment.

2.2.Change Detection

Building change information is measured using
Morphological Building Indexed (MBI). A brief
overview of MBI is presented. The location of
building change detection is displayed using a
change detection map. This step is illustrated in
following sections 2.2.1 and 2.2.2.

2.2.1. Morphological Building Index (MBI) and
Building detection

The MBI is used to extract the structural and
spectral features of buildings with the help of
morphological operators [12]. Change detection
using MBI is carried out later. The calculation of
MBI is summarized below:

Step 1) Calculation of brightness: It is computed by
taking the highest value of all the spectral

bands for each pixel
b
= max (band,(i, ) €]

where band, (i, j) indicates the pixel (i, J)
value of at the k-th band, and K is the number
of visible bands.

Step 2) The structural and spectral features of
buildings are represented by the differential
morphological profiles (DMPs)of the top-hat
filter (TH) with a sequence of Structural
Elements (SE) [17].

The morphological white top-hat filter (TH) of
the image f is given by f minus its opening.
W_TH;(6,1) =

f=R:(f ©B(6,D) (2)
whereR,(f © B(6, 1)) represents the opening-
by-reconstruction [18] of the image f . | and
Pare the length and orientation of the
structuring element B respectively.

Step 3) The morphological profiles (MPs) of the
white top-hat are now defined as:
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MPW_TH (6, l) = W_THf(g, l))
MPW_TH(H' O) - b
©)
Step 4) Calculation of DMPs: the DMPs of top-hat
filter
is given by

DMPy 14(8,) = |W_TH;(6,1) — W_TH;(6,1 -
m| (@)

Where n is the interval of the profiles
with [ (Lyin < < lLnax)-

Step 5) The MBI is defined as the average of the
DMPs of the white top-hat transformation
[12]:

MBI

_ S6 i DMPy 14 (6,1 (5)

B DxS
where D and S are the total orientation and
scale, respectively. Here, the number of
orientations is set to D=4 (i.e. 45°, 90°, 135°,
and 180°), and the scale is considered 11 (i.e.,
2 <1<52 withn =5)

6) Detection of Building

Large MBI values in the DMP histogram of
the top-hat filter indicate the structure to be
buildings based on the fact that buildings have
huge local contrast in different orientations
and length, and the other structures are
eliminated.

Step

The building structures are extracted by the
following rule, i.e.

(1, MBIG,)) > Tg
b)) = {0, otherwise
(6)

Where MBI (i, j) denotes building pixel value
and Tg is the threshold MBI value for
building.
Fig. 2 (a) Satellite Imagery (b) The Top—Hat DMP
histogram of (a). The horizontal axis is the length
and orientation of SE and the vertical axis is the
DMP values of the Top —Hat filter

Fig. 2 shows the DMP histogram of the top-hat
filter of a sample satellite imagery taking four
classes as an example. It is a plot against DMP
values vs. length for a particular direction. It is
observed that in most of the magnitudes, the DMPs
of the top-hat filter for buildings are notably larger

than the others. This is how the MBI can be used to
identify buildings from images. After measuring the
MBI values of the two images, the change of
buildings from remote sensing imagery can be
identified.

2.2.2. MBI Images for Change Detection

After measuring the MBI values of the two images
taken at two different times, the change of buildings
from remote sensing imagery can be identified.
Suppose the MBI for the image taken at time T; is
MBIT'(X,) and the MBI for the image taken at
T.isMBIT2(X,). The variation of these two MBI
images is measured to indicate the buildings change.

MBI(i,j) = |(MBIT(i,j) — MBIT2(i, j))|

(7)
Where MBI(i, j)gives thechange of MBI value of
pixel (i,j)at time T, and T».

The building change detection is rule is as follows:

.. 1, MBI(i,j) >TH
Change(i, ) ={ 0 ( ]o)therwglsBeI)
(8)

Where Change(i,j) represents whether the
building pixels (i, ) is changed or not. The value 0
indicates for non-change and 1 for change,
respectively. MBI(i,j) is the change of MBI value
of the two images under test.TH,,p; is the threshold
of change.
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Table 1
Pseudocode of the Proposed Algorithm

Input: Image X; and Image X;acquired at different time
over the same region.
Radiometric correction and co-register of the Images.
Output: Building Change Detection Result

1. MBI Calculation

1.1. Calculate Brightest Image according to (1)
1.2, Forl(lpin <1< nay)

13. For6=1:1:D

1.4. SE = CreateStructureElement(d, 1)

1.5. P=W_TH(SE, I, image)

1.6. Q=W_TH(SE, I-n, image)

1.7. DMP(0)=|P —Q|

1.8. End

1.9. End
110Jw31:§Q£ﬂfﬂwEL2
DXxS
1.11. IF MBI(i, ) > Ty
THEN I,(i,j) = 1
ELSE I,(i,j) = 0 Where MBI (i, j) denotes building pixel
value and Tgis the threshold MBI value for building.

2. Change Detection Based on MBI Value

2.1. Calculate MBI™(X,) and MBI"?(X;)

2.2. MBI(i,j) = |(MBI™(i,j) — MBI"2(i, j))|

2.3. Set threshold value THyg,;

2.4, \FMBI(i,j) = THyg
THEN map(Xz, X1) = 1;
ELSE map(Xz, X1) =0
Where MBI (i, j) indicate the change value of MBI of image
X1 and X;and map (X,, ,X1) is building change map. map(Xz,
X1) represents whether the object i is changed, with 0 and 1
for non-change and change, respectively.

3. Dataset

For evaluation the performance of the proposed
approach, experiments were conducted on different
sets of remote sensing images. For space limitation,
only the results on three data sets are shown in this
paper. The first dataset is pair of two IKONOS
images taken over urban areas of central china in
2002 and 2009 [17]. The second data set is a pair of
QuickBird images acquired in 2002 and 2005taken
over urban areas of central china [17].

The third dataset is a pair of QuickBird images
[19] as shown in Fig. 3 (last row) taken over
Beijing, acquired in September 2002 and November
2003.

4. Experimental Results

For evaluation the performance of the proposed
technique, three satellite images are tested. A PC of
CPU Intel (R) Core(TM) i5-4590 at 3.30 GHz and
4GB RAM is used to perform the experiments. The

method is realized in the MATLAB program. Three
indices are used to quantify the performance values:
correctness, completeness, and quality used by
Peng. et al. [16].
Correctness =

TP (9)

TP+FP

Completeness =
TP

TP+FN

(10)

Quality =
TP
TP+FP+FN D
Here, True Positive (TP) correspond to the change
pixels that have been identified correctly; the False
Positive (FP) indicates the pixels detected as
changed but are actually not changed and False
Negative (FN) represents the pixels identified as
unchanged, but that however have changed.

The correctness value indicates the correct
changed pixels. The completeness value indicates
the ground truth changed pixels detected. Finally,
the quality value indicates the goodness of the
result. In calculating these values, manually formed
reference data have been used. In Table 2,
quantitative results are shown of the proposed
method for the datasets.

Table 2

Quantitative Change Detection Results for the Data
Sets by the Proposed Method

Datasets Correctness Completeness Quality

IKONOS 93.23% 80.19% 76.68%
QuickBird1 83.97% 74.85% 70.23%
QuickBird2 91.38% 76.29% 72.15%

The changed maps of the three datasets are
presented in Fig. 3. The results achieved by the
proposed method can be taken as satisfactory
compared with the ground truth map. Most of the
changes are detected correctly in spite of some miss
classification errors. The main advantage is that the
whole design flow is carried out without ant training
data. Both quantitative indices and visual results
show that the proposed techniques attain acceptable
results.
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(b) Image taken in 2009 over the
same region

(c) Result of the proposed technique. Red
: Changed buildings; Black: unchanged
buildings; White: Misclassified

(c) Result of the proposed technique. Red
: Changed buildings; Black: unchanged
buildings; White: Misclassified

(a) QuickBird image taken over Beijing,
acquired in September 2002

(c) Change Detection map Red : Changed
buildings; Black: unchanged buildings;
White: Misclassified

Fig. 3 The Change Detection Results of the proposed Technique. (a) Images Taken at Early Time and (b)
Images Taken Later Time (c) The Changed Maps

5. Comparison Study

The proposed method is compared with two well-
known change detection methods in Table 3. A
comparison of the proposed method and with
developed change detection methods revealed that
the proposed method increased accuracy
significantly.

The accuracy assessments of the four datasets
are shown in Fig. 4(a)-(c), respectively, for the
IKONOS, QuickBirdl and QuickBird2 images. The
results show that, compared with other methods, the
proposed method attains the highest correctness,
completeness and quality in all the four tests

Table 3
Accuracy Comparison (%) for Building Change Detection Algorithms with our Proposed Method and the
Other Two Methods MBI-based CVA (MBI-CVA) and Morphological CVA (Morph-CVA)

2] Correctness Completeness Quality
§ Datal Data2 Data3 Datal Data2 Data3 Datal Data2 Data3
§ IKONOS Quick Birdl | Quick Bird2 IKONOS QuickBird1 QuickBird1 IKONOS | Quick Birdl QuickBird2
Proposed 93.23 82.97 91.38 80.19 71.85 76.29 76.68 69.23 72.15
MBI-CVA 87.23 7151 80.40 73.02 69.09 71.05 70.23 67.06 69.15
Morph-CVA 79.98 70.07 73.39 68.03 67.05 69.20 65.45 65.06 67.18
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Fig. 4 Quantitative Evaluation and comparision of
the proposed algorithm, MBI-CVA and Mor-CVA
for change detection of buildings. (a) Correctness
(b) Comnpleteness and (c) Quality

VI. Conclusion

This paper proposes a novel change detection
technique for building from remote sensing images.
The method is to indicate the building change
information based on the difference of MBI. The
main novelties lie in the following aspects: 1) it
needs no training data or complex segmentation
processes that make the proposed approach very
fast; 2) Object-specific change feature index make
the proposed approach high in accuracy. The
proposed method is validated on three pairs of
remote sensing images: the IKONOS image and the

QuickBird data of urban areas. The experiments
show that the proposed method can attain
acceptable correctness rates above 90% with low
total errors fewer than 9%. The visual and
quantitative results validated the usefulness of the
proposed framework.
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