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Figure 12: Example of street segmentation obtained using the parameters
identified by the Fuzzy-Based Supervised Segmentation software tool in the
eCognition environment.

Users can select a destination (such as a school), and
then the system can “fly” from the current location
to the destination (e.g. Leo Hayes High School in the
example in Figure 13). A full screen view can also be
displayed to allow viewers to zoom in, zoom out,
and move the image. This system had been widely
used by the local community until 2006 when a
high-resolution satellite image of the Fredericton
area was made available on Google Maps.

In 2003, an initial research result of generating
colour 3D satellite images for online mapping was
achieved in GGE [Zhang and Xie 2003]. After further
development, an automated software system for 3D
satellite image generation and online visualization
was developed in 2005. Now, the system has been
improved with more functions (Figure 14 and 15).
The system can produce, distribute, and visualize 2D
and 3D satellite images at different scales. Satellite
images from a variety of satellites, from Landsat (15m
Pan, 30m MS) to GeoEye-1 (0.5m Pan, 2m MS), can
be used for the 2D and 3D image generation.

Figure 13: Online 2D satellite image mapping system developed in GGE in 2002 with pan-sharpened Ikonos image of Fredericton.
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Figure 14: 2D view of the online 2D and 3D satellite image mapping system developed in CRC-AGIP of GGE (pan-
sharpened QuickBird image of a part of the Great Wall near Beijing).

/= Remote Sens 1 - Windows Internet Explorer
o) | B %] x] 148

@ -_. - E unb.ca
Ble Edt Wew Favortes Tooks Help
L Favortes  [] Remote Sansing Images Publishing System B Y g - Pager Sofetys Tooksw e 7

Web--3D
(Web Image 3D)

3D/2D Sites:

Low Resolution:
BC
Vancouver
Whistler, BC
Ellesmere Island
Calgary

Fredericton

High Resolution:

Beijing Small Area
Beijing Large Area
Beijing Great Wall

Fredericton IKONOS
Fredericton QuickBird

Technology developed by

Dr. Yun Zhang's research group
UNB GGE

Figure 15: 3D view of the online 2D and 3D satellite image mapping system developed in CRC-AGIP of GGE (produced
using pan-sharpened QuickBird image, the Great Wall near Beijing).
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Using current 2D displays, such as computer
screens and digital televisions, viewers can see the
same colour 2D satellite images as on Google Maps.
However, with a pair of inexpensive colour stereo
glasses, viewers will see colour 3D images of the
earth’s surface, adding the third dimension into the
online satellite image mapping. Along with the
emergence of modern glasses-free 3D displays and
televisions, the online 3D image mapping technolo-
gy developed in the CRC-AGIP Lab will have a
much higher application potential, because no 3D
glasses are needed and a better 3D effect is achieved.

2.6. Moving Information
Extraction from Single-Set
Satellite Imagery

To collect high-resolution colour/multispectral
images at a very high speed from space, an effective
solution is to simultaneously record a low-resolution
multispectral (MS) image (Figure 16.a) and a high-
resolution panchromatic (Pan) image (Figure 16.b)
from the same satellite, and then fuse the Pan and
MS images (also called pan-sharpen) to reconstruct
a high-resolution MS image (Figure 16.c).

However, to reduce the satellite payload, the lin-
ear CCD (Charge Coupled Device) array of the Pan
sensor and those for the MS sensor are built into the
same sensor system to share the same optical lens.
Consequently, the optical axes of the Pan and MS
sensors cannot be exactly parallel to each other,
causing a very small viewing angle difference. This
angle difference leads to a slight time delay and
relief distortion (geometric distortion caused by
height variation of ground objects) between the Pan
and MS images. Due to the time delay, any moving
objects are recorded at two slightly different loca-
tions (see Figure 16.d), resulting in annoying “tails”
for all moving objects when the Pan and MS images
are fused to reconstruct a high-resolution MS image
(Figure 16.c). Objects with different heights are also
displaced to different extents between Pan and MS,
causing strange artefacts along building edges and
edges of other objects in pan-sharpened MS images.
These are unwanted problems in remote sensing and
need to be removed through image processing.

These problems were identified by Dr. Zhang in
his image fusion research in 2001 using Ikonos Pan
and MS images. While exploring solutions for solv-
ing or mitigating these problems for image fusion,
the idea of utilizing these unwanted problems for
useful information emerged. However, the research
challenge for moving information extraction from a
single set Pan and MS imagery is very high, because:

e The time delay is too small to detect mov-
ing information using any existing state-of-
the-art solutions,

e The double positions of any moving object
is not only caused by movement of the
object but also the elevation where the
object is located,

e No available sensor model is precise
enough to achieve acceptable position
accuracy for moving speed and direction
calculation, and

e No proper methods or algorithms have
been found which are capable of extracting
cars and their exact centres from available
satellite images.

With funding support from NSERC, successful
algorithms and computer software for moving
information extraction from a single set of high-
resolution satellite imagery were developed in
2006. The algorithms consist of a refined new sen-
sor model, new solutions for detecting cars, and a
new algorithm for speed calculation [Xiong and
Zhang 2008]. The initial experiment with
QuickBird Pan (0.7m) and MS (2.8m) images
resulted in an accuracy of speed information
extraction at + 20 km/h, despite limited image res-
olutions and other technical challenges (Figure 17).

The initial research result was published in
Photogrammetric Engineering and Remote Sensing
in 2008 [Xiong and Zhang 2008]. It was then quick-
ly recognized by the remote sensing community
and was selected by ASPRS (American Society for
Photogrammetry and Remote Sensing) in 2009 for
the First Place Recipient of the prestigious John L.
Davidson President’s Award for Practical Papers.
Former recipients of the award include NASA sci-
entists at the Goddard Space Flight Center.

After the publication of CRC-AGIP’s research
papers, researchers in other countries also started
similar research. Papers on this topic can now be
increasingly seen in conference proceedings and
scholarly journals.

3. Discussion and
Conclusion

Driven by the increasing demand from industry,
government, academia, and military for updated,
more detailed, more diversified, and more reliable
geo-spatial information, many earth observation
optical and radar satellites have been developed,
launched, or planned to launch in the last ten years,
in order to collect data with a large coverage of the




Figure 16: State-of-the-art solution to collect high-resolution colour satellite images and the problems of the mod-
ern high-resolution remote sensing sensors, such as Ikonos (launched in 1999, Pan 0.82m, MS 3.28m), QuickBird
(launched in 2001, Pan 0.61m, MS 2.44m), GeoEye-1 (2008, Pan 0.41m, MS 1.64m), and World View-2 (2009, Pan
0.46m, MS 1.84m). (a) Original GeoEye-1 MS image (2m); (b) Original GeoEye-1 Pan image (5.0m); (c) Pan-
sharpened GeoEye-1 MS image (0.5m) (using UNB-PanSharp) (yellow circle: moving objects with “tails”; red cir-
cle: static objects without “tails”); (d) Overlay of original GeoEye-1 MS (red) and Pan (cyan) images (yellow cir-
cle: moving objects with double images; red circle: static objects without double images).

Figure 17: Challenge in determining vehicle’s size and centre position in QuickBird Pan
and MS images. (a) and (b) The distance between vehicle 1 and 2 is just several pixels on
the Pan image and only 1 pixel on the MS image. (c) Vehicle 3 is very long, with a length
of about 20 pixels on the Pan image.

earth’s surface with increased detail and increased
revisit rates (some aiming at daily update). Airborne
digital cameras and LiDAR scanners have also been
quickly developed and have become mainstream
technologies in the last ten years in the mapping
industry and many other areas, to collect highly

accurate 2D and 3D data of the earth’s surface. The
data made available by these modern sensors have
been overwhelming.

However, technologies for effective use of the
data and for extracting useful information from the
data are still very limited. In practical applications,
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the use of remote sensing data still stays mostly at
the level of visualizing the data as background
images, or producing digital or hardcopy image
maps. To extract useful information from the image
data, manual interpretation and editing are still the
major methods in practical operations. These limi-
tations have significantly limited the effectiveness
of geo-spatial information updating, leading to the
reality that numerous remote sensing data have
been collected for information updating, but many
have become outdated before being effectively used
or ever being used.

The research activities in the CRC-AGIP Lab
at UNB have mainly focused on algorithm and soft-
ware development for improved utilization of
remote sensing data and improved information
extraction from the data. To date, the research lab has
achieved several breakthroughs in this area, leading
to advanced technologies for improved remote
sensing applications globally. However, numerous
technical problems and challenges still exist. The
research lab is continuing its effort in solving or
mitigating some the problems and challenges.

Along with the fast development of modern
sensor technologies, new technical problems and
challenges are continually emerging. The fast
development of sensor technologies has brought
tremendous challenges to the technology develop-
ment of information extraction, but it has also
brought tremendous opportunities in the extraction
of more accurate and reliable geo-spatial informa-
tion. Therefore, research on technology development
for improved information extraction has now
become more important than ever before. In order to
meet the demand for updated, more detailed, more
diversified, and more reliable geo-spatial informa-
tion, an increased research effort on technology
development for automated information extraction is
required nationally and internationally.
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