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Abstract

The Tokyo Metropolitan Government, which is the largest municipality conducting house change identification work in Japan, has

terminated its visual identification work that has been in use for 20 years and shifted to a new systematization of the work in January

2006. Due to the very large area, covered, the Tokyo Metropolitan area is divided into four blocks and the required work in them is

entrusted to different companies. Three of the four companies have adopted NEC'’s “Fixed Assets Change Judgment System” and

are already involved in a full scale operation of this system. This paper is intended to introduce the Fixed Assets Change Judgment

System, which performs stereo based comparative analyses of aerial photographs and detects changes in the shape and color of

houses automatically.

aerial photography, stereo processing, true orthorectification, house changes over time

1. Introduction

We have established a technology for the automatic detection
of changes in the height and color of house buildings based on
the 3D analysis of aerial photographs. This has enabled us to
develop a fixed assets change judgment system by applying
this technology in the house change detection. The system em-
ploys a method of stereo processing by pixel to calculate the
height of each house based exclusively on its aerial photograph
and thus enables a precise overlapping of the previous and cur-
rent images. This makes it possible to judge any changes to the
house by also considering height changes simply by using two
aerial photographs and without any high-cost means such as an
aerial survey. The system can also reduce the labor costs to less
than 1/3 of the previous cost (compared with our system) and
to thus reduce the required judgment period (to about two
weeks per 100km?). It has additionally solved the problems
with traditional systems by enabling the detection of height
changes that are hard to be distinguished visually and by re-
placing human error and prejudice by objective judgment
based on computer processing.

2. House Change Detection

The Japanese fixed property tax is imposed by the munici-
palities on the owners of lands, houses and depreciation assets
(hereinafter referred to as “fixed assets”) on January 1st of ev-
ery year (levy date) by calculating the tax sum according to

current asset values. For this purpose, the municipalities take
aerial photographs on January st every year and compare the
photographs with those of the previous year in order to identify
house change information (new construction, loss, enlarge-
ment, reform, reconstruction and work in progress).

The identification of changes is usually entrusted to survey
companies who hire a large number of workers (Fig. 1). However,
reliance on human labor has led to problems as described below.

1) Subject of Huge Costs

It takes about 10 hours to read and interpret a single photo-

graph, and the average municipality must perform this work

for hundreds of photographs.

2) Subject of Impossibility of Eliminating Human Judg-

ment Errors

Errors are not acceptable from the viewpoint of fair taxation

and, particularly, the “oversight” of houses subjected to ac-
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Fig. 1 Flow of house change detection in local municipalities.
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Fig. 2 Judgment procedure when improved accuracy is
attempted by human visual identification.

tual change must be considered to be absolutely the worst of

such errors. Nevertheless, the current work is dependent on

the capabilities of individuals so errors are not avoidable
with the traditional system.

In actual work, attempts to prevent oversight errors are made
by performing several read operations per area (Fig. 2) but this
leads to a further increase in cost. Every photograph is taken to
a scale that can cover an actual area of 800 x 600m or 500 x
600m (variable depending on the municipality), and every mu-
nicipality has hundreds of photographs to be read. As a result,
it is not rare that the man-hours required for the photograph
reading operation exceeds 10,000.

Under these circumstances, the incentives among the mu-
nicipalities to solve such problems by automating or system-
atizing the photograph reading work are now higher than ever.
The criteria for the identification of changes are based on the
law and the guidelines of the Research Center for the Property
Assessment System and this procedure will continue even af-
ter systematization. Specifically, the criteria are required to
detect the following types of changes without exception:

* horizontal or vertical changes of 2 meters or more.
* color changes in an area of about 2 x 2 m.

As these requirements set a high hurdle to be cleared for au-
tomatic processing, the attempts to automate have been limited
to a partial use of certain tools and were far from a real system-
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atization. The main judgment issues are the detection of height
and color changes, the automation of which is accompanied by
the following problems.

1) Height Change Detection
The height information may be obtained by means of aerial
photography by using a laser profiler, but the costs of aerial sur-
veys are very high if it is required to detect height changes of
around 2 meters. Moreover, aerial survey devices are too expen-
sive and their availability is limited for many municipalities.
2) Color Change Detection
Precise overlapping of previous and new photographs is re-
quired for detecting color changes, but two aerial photo-
graphs are difficult to overlap and be matched satisfactorily
because the angles of the buildings are usually different due
to a variance of the shooting conditions (shooting position,
altitude, focal distance, etc.).

We have recently solved the two problems above by adopt-
ing the method of stereo processing by pixel that makes it pos-
sible to obtain the height information of all pixels in aerial
photographs and correct their positional information.

3. Fixed Assets Change Judgment System

3.1 System Outline

This system is composed of two modules (Fig. 3).

(1) Stereo Processing Software

This inputs two aerial photographs into the computer, con-
verts all pixels in them into 3D information and calculates
the house height information (DSM: Digital Surface Model)
with a resolution of 1 meter. At the same time, it applies pre-
cision true ortho processing in order to correct for the incli-
nations of houses in the photographs and to enable a precise
overlapping of the previous and new photographs.
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Fig. 3 System configuration.
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(2) Change Detection Software

This inputs the two, previous and new, orthorectification
aerial photographs and the DSM information, and detects
changes in the shapes and colors of houses and land.

3.2 Design Target

The target we set before designing this system was for com-
patibility between improvements in judgment performance and
automation (prevention of human errors and detection of height
changes that are difficult to detect visually). However, it is still
difficult for the current technology level to achieve a perfectly
error-free reading and judgment automatically. As a result, we
decided to apply judgment using automated software in the pri-
mary reading and to provide the final reading only with the
tools for accurate judgment (Fig. 2). According to actual data,
the number of houses shot per photograph is between 3,000 and
4,000, the annual percentage of houses subjected to changes is
3% to 5%, so the average number of changed houses in a pho-
tograph is around 150. As the aim of primary reading in the
traditional visual judgment work has been for example to select
500 to 600 candidate houses from 3,000 houses in a photo-
graph, we set the target performance of our automatic judgment
system for use in the primary reading at a similar judgment ca-
pability level to the traditional primary reading.

3.3 Stereo Processing

Fig. 4 shows the flow of stereo processing.
(1) Input Data
The input images can be similar analog or digital aerial photo-
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graphs to those used in traditional change judgments. Each of
these photographs consists of a series of picture frames taken
by overlapping an area of about 60% between frames. This
system executes stereo processing by assigning two adjacent
picture frames as the left and right images and obtains the
height information on all of the pixels in the overlapped area.
(2) Relative Orientation

Unlike cases in which images are taken using a stereo camera
that can be calibrated every time before use, aerial photo-
graphs are taken using various camera attitudes. This proce-
dure makes it necessary to perform paralleling work to align
the orientations of the input images. For this purpose, the sys-
tem applies an aerial survey spotting calculation technique in
order to calculate relationships between camera positions
based on the coordinates of a few sets of corresponding points
in the images. We call this process “relative orientation.”

(3) All-Pixel Stereo Matching

The main task in stereo matching is to identify the corre-
sponding points in the left and right images. When the left
and right images are paralleled with relative orientation, all
of the subjects are located on the same scanning line number
in the left and right images. So the search for corresponding
points can be limited in a single dimension. We adopted the
DP (Dynamic Programming) matching method for the search,
which uses the cross-correlation value as the evaluation val-
ue and outputs the DSM information resulting from the pro-
cessing. In order to obtain high-quality DSM information, it
is necessary to select the image correlation parameters such
as the window sizes and threshold values optimally accord-
ing to the scales and types of input images. As their selection
necessitates experience, we provided the system with param-
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Fig. 4 Outline of stereo processing.
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eter settings that are optimized according to the types of pro-
cessed images, so that the user can perform optimum
processing simply by selecting one of the parameter set-
tings.

(4) Absolute Orientation

Since processing for the above is performed in the image
coordinate space, it eventually becomes necessary to com-
pare the correspondence of the photograph and the DSM in-
formation with the latitude and longitude of the land loca-
tion, or absolute orientation technique. At the same time, a
conversion of the parallax values obtained by the stereo
matching of the altitude value (m) is also performed.

(5) True Orthorectification

Since stereo processing requires a large amount of calcula-
tions, traditional aerial survey software generally obtains the
altitude information only for the topographically characteris-
tic points and for the houses and the contour lines, and ap-
plies interpolation to other points. This has resulted in prob-
lems such as dealing with houses that lack contours and are
undistinguishable from the ground and consequently remain
inclined in the images. On the other hand, our system can
determine the absolute positions of all pixels because the ste-
reo processing applied by it offers the height information of
all pixels without a need for contour information. We call
this processing method the “true orthorectification” method.
True ortho images show the roof surfaces of all houses and
buildings in their real positions without tilting (Fig. 5). This
makes it possible to overlap a photograph precisely onto a
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Fig. 5 True orthorectification.

map or to overlap two photographs taken under different
shooting conditions.

(6) System Configuration

We developed stereo processing software that is capable of
executing the above processing in a concurrent processing en-
vironment composed of multiple PCs (Fig. 6). The software
includes a server & client system for concurrent execution of
stereo processing using a grid computing method, and soft-
ware for use in a series of operations such as the correspond-
ing point input tool for use in spotting, and which can perform
work for the generation of DSM information based on aerial
photographs. The clients are composed of 1 to 48 PCs and can
join or leave the stereo processing dynamically, enabling a
flexible system configuration according to its purpose.

Stereo processing server

: Pentium 4, 2GHz or faster

: WindowsServer2003

Memory: 3GB or more

: 200GB or more

: 100Mbps or higher-speed LAN interface

100BaseT, 1000BaseT

grid method
N

[ —

— - Sor

| v |
- .

N
i |

.\A\ |
. (.

more PCs

L —_—

Stereo processing client

‘ i CPU : Pentium 4, 1GHz or faster
o i Memory: 1GB or more
: Corresponding point HDD : About 80GB
Stereo processing input tool for spotting LAN : 100Mbps or higher-speed LAN interface

client software

Fig. 6 System configuration.
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Fig. 7 Outline of the change detection system.

3.4 Changes Detection Software

The changes detection software inputs both previous and
new color images and the DSM information obtained as a re-
sult of stereo processing and detects any changes in them. It is
composed of an automatic detection tool for automatic execu-
tion of the processing corresponding to the primary reading
operation, and the final establishment tool for supporting the
final judgments by experts (Fig. 7). The following paragraphs
describe these tools separately.

(1) Auto Detection Tool

For automatic detection, we developed a method that can

specifically analyze and detect changes in houses such as

new construction, loss or color changes. For the altitude
changes, it refers to both previous and new DSM information
and detects increases in height as new construction and de-
creases in height as loss. For the color changes, it refers to
the true ortho color images and detects changes above thresh-
old values as color changes. Since it is difficult for users to
specify the color change judgment criteria in numerical
terms, we have adopted a method with which the system rec-
ommends the threshold value. Here, all of the detected color
changes cannot be interpreted as actual changes because the
detection of changes in an area of 1 x 2m means that objects
of a certain size such as automobiles would be detected as
color changes. Therefore, our system refers also to the DSM
information in order to eliminate color changes in areas with

a height of below 2 meters from the ground.

The results obtained with this tool are output as a csv file

containing a map image showing new constructions, losses

and color changes by painting each pixel and the center coor-
dinates (latitude and longitude) of each change area detected
as a mass by means of labeling.

(2) Final Establishment Tool

The final establishment tool is designed to assist experts per-

forming the final judgments, and inputs the colored map and

center coordinate list obtained with the automatic detection
tool. While the results of automatic detection indicate three
types of changes including new construction, loss and color
change, the final establishment tool is also capable of more
detailed categorization of change types (new construction
after loss, works in progress, etc.) according to the require-
ments of municipalities.

4. Comparison Evaluation

In fiscal 2005, we tested stereo processing by creating the
DSM information of 2,800 photographs (on-ground resolution
12.5c¢m) of the Tokyo Metropolitan area, and obtained approv-
al by Japan Association Surveyors that the results were within
the standard error tolerance of 50cm horizontal accuracy and
1.0m vertical accuracy. For the change detection, we conduct-
ed comparisons for 10 photographed districts in the Shinagawa
District and confirmed that the following changes were detect-
ed without exception by comparing the results with separately
conducted visual judgment operations.

* Height changes: Horizontal or vertical change by 2 meters
or more, in areas of 1x 2m or wider.
* Color changes: In areas of 2 x 2m or wider.

As it is estimated that the time taken for the manual final es-
tablishment operation is 2 to 3 hours per pair of images our
system can offer an operation time reduction effect of about
60% compared to the time taken for the traditional judgment
process by one person as shown in Fig. 8. The time saving ef-
fect may be even larger if our system is compared to a multi-
operator system as shown in Fig. 2.

In the future, we will promote our system for house change
detection operations for use by more municipalities as well as
encouraging its application in other fields, such as for the de-
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tection of ground profile changes after a disaster.

“Windows is the registered trademark of the Microsoft Corporation in the
USA and other countries.
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