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Abstract
Correct identification of the terrain and buildings at the periphery of an airport is an important issue in aviation secur-

ity. The ICAO (International Civil Aviation Organization) requests the authorities in charge of aviation administra-
tions in all countries to collect electronic data on obstacles, including the geographic features and buildings adjacent to
large-scale airports. NEC System Technologies, Ltd. has developed a system for the efficient extraction of obsta-
cles around airports by using terrain and building height data obtained from the stereo processing of aerial photo-
graphs. This system is an application of the RealScape technology that has been used in checking changes in fixed
assets.

stereo processing, air traffic obstacle, aerial photo, DSM

1. Introduction 2. Airport Obstacles and Associated Issues

One of the most critical issues for aircraft aviation is to pre-
serve the safety and security of daily travel. In order to en-
sure safe takeoff and landing of aircraft it is essential to ensure
that specified areas around each airport are free of obstacles.
In Japan, the Civil Aeronautics Acts define the height limita-
tions for the area around an airport according to the distance
from the airport. These are referred to as the “obstacle limita-
tion surfaces.” In 2004, the ICAO (International Civil Avia-
tion Organization), which is an international organization for
establishing standards, recommendations and guidelines rela-
ted to the international operation of civil aircraft, issued rec-
ommendations for the participating countries. This was aimed
at arranging the data on the terrain and obstacles adjacent to
their airports, Electronic Terrain and Obstacle Data (eTOD) by
conducting surveys, data collection and electronic manage-
ment 2,

The arrangement of eTOD requires the correct survey and
measurement of the terrain and buildings around each airport
without any omissions; the comparison of results with the cri-
teria given in the guidelines and the identification of obstacle
types. In this paper, we introduce an air traffic obstacle extrac-
tion system to obtain the correct elevations of terrain and
buildings based on stereo analysis of aerial photos that uses the
RealScape system 34 .

Aviation authorities in many countries restrict the eleva-
tions of buildings around their airports in order to secure the
safety of takeoff and landing. In 2004, ICAO issued a recom-
mendation on the eTOD data as the criterion to be observed
commonly by countries worldwide. The eTOD defined in the
recommendation is expected to be applicable for various pur-
poses such as for the planning of flight paths and emergency
avoidance paths as well as for the preservation of safety dur-
ing aircraft takeoff and landing from or on an airport. At
present, many countries have already started study and re-
search into the data collection method or actual data collec-
tion and some of the Japanese airports have begun compila-
tion of related databases. When investigating obstacles at the
circumference of an airport, it is required to survey the area
within a radius of 45 km around the airport with a height ac-
curacy of 3.0 m and a horizontal resolution of 30 m, without
omission. Nevertheless, as the traditional survey techniques
often present difficulties in the accuracy of performing a thor-
ough survey of such a large area, the need has been raised for
a technique capable of achieving the required standard at low
cost.

3. Airport Obstacle Extraction System

To meet the above issue, we have expanded the functions of
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Fig. 1 Obstacle extraction using DSM and obstacle limitation
surfaces.

the RealScape, software that we developed and commercial-
ized for use in the fixed asset changes identification, and
applied it to this application. Based on this expanded Real-
Scape we have developed a new technique for extracting ob-
stacles. The system with the new technique compares the high-
accuracy, high-density numerical altitude model obtained from
3D analysis of aerial photos (DSM: Digital Surface Model) and
the obstacle limitation surfaces ¥ . Fig. 1 shows a scheme of
obstacle extraction based on comparison of DSM and the ob-
stacle limitation surfaces.

3.1 Outline of Processing Method

This technique extracts obstacles in two process steps; 1)
DSM calculation by stereo processing of aerial photos; 2) ex-
traction and determination/confirmation of air traffic obsta-
cles using DSM and the compilation of a database.

3.2 Design Policy

The target set in designing this technique was for compati-
bility of cost reduction and accuracy improvement via auto-
mated obstacle extraction. However, since the extraction of air
traffic obstacles requires determination of the types of obsta-
cles (tower, lightning rod, crane, etc.) and that omissions in
obstacle extraction could lead to serious accidents, we deci-
ded not to apply complete automation but to apply it only in
the extraction of obstacle candidates. In the subsequent steps,
the inspection personnel confirm the candidate areas from ster-
co views of the original photos and determine the type of each
obstacle after confirmation. Fig. 2 shows the overall flow
process.
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Fig. 2 Flow of air traffic obstacle extraction processing.
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Fig. 3 Flow of stereo processing.
3.3 Stereo Processing

Fig. 3 shows the flow of stereo processing of RealScape.
This technique utilizes aerial photos shot by flying multiple
courses to cover the entire area around an airport without
omission. These photos should be taken by overlapping about
60% of each frame with adjacent frames. RealScape identi-
fies the corresponding positions in the area overlapped in the
left/right adjacent images and obtains the DSM from the
amount of deviation (parallax) between each pair of corre-
sponding points. This process is based on similar principles to
those of triangulation.

Since air traffic obstacles include small-scale structures such
as a fence or lightning rod on the roof of a building, the aerial
photos to be used are required to have high resolution. For in-
stance, when an area within 45 km in all four directions from
the airport is photographed with a resolution of 15 cm using a
digital aerial photo camera (UltraCam/X), it is necessary to
generate the DSM by processing about 2,400 sets of images,
each having 14,430 x 9,420 pixels. RealScape is operated on
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Fig. 4 Examples of lightning rods on a roof.

the client-server system which can be connected up to 48 cli-
ent computers, so that it is capable of processing a large amount
of stereo images at high speeds by means of the distributed
execution of stereo image processing.

3.4 Obstacle Candidate Extraction and Type
Determination/Confirmation Processing

The obstacle extraction is processed by comparing the DSM
generated by RealScape for the target area with the heights of
the obstacle limitation surfaces. In this process, the heights in
DSM that exceed the restricted surfaces are detected as obsta-
cles. In fact, however, small structures such as lightning rods
and fences on the roofs of buildings are not always detected
correctly on the DSM ( Fig. 4 ). Therefore, the processing be-
gins with the auto-extraction of obstacle candidates using ob-
stacle limitation surface heights that are set lower than the
actual obstacles by defining specific headroom. Processing
then proceeds to the height confirmation and obstacle type de-
termination by the inspection personnel who check the obsta-
cle candidates in the aerial photos with stereo views.

This combination of automation and human confirmation
reduces the manual labor and thereby enables accurate pro-
cessing.

(b) Conclusively determined obstacles

Fig. 5 Obstacle extraction.

4. Test Results

To verify the effectiveness of this technique, we conducted
obstacle extraction testing for an area at the periphery of a Jap-
anese airport. Fig. 5 (a) shows a result of extraction of candi-
date buildings (enclosed in white frames in the photo) in an
area of about 500-meters square and Fig. 5(b) shows the final
result after visual confirmation and type determination by the
inspection personnel. It was verified that this technique can
significantly reduce the labor requirement and can extract all
of the buildings and projections in question within the target
area.

In the above, we reported on a system that extracts obsta-
cles on the periphery of airports by calculating the heights of
adjacent terrain and buildings using 3D analysis of aerial pho-
tos. This technique is actually being applied already for obsta-
cle removal at Japanese airports such as at the Tokyo
International Airport (Haneda) and Osaka International Air-
port (Itami). The compilation of local electronic terrain/obsta-
cle data is thus supported at low cost.

In the future, we intend to enhance the automation and ac-
curacy of the system further and to prepare for its deploy-
ment in the overseas markets.
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