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Figure 4: Feature points in forest area of a QuickBird MS image pair (2.8m) extracted and matched by the control net-
work-based matching technique developed in the CRC-AGIP Lab.

by the control network-based matching technique.

Figure 6: Feature points in tree and grass areas of a pair of ordinary photographs extracted and matched by the control network-
based matching technique.
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Figure 7: Accuracy comparison between the Bias Compensation method
and the Generic RPC Refinement Method developed in CRC-AGIP using
Ikonos images (narrow field of view) in three cases (all with small sensor
position and attitude errors). (Note: RMSE = Root Mean Square Error;
Row = Row direction of image; Col. = Column direction of image; Generic
= Generic RPC Refinement Method; Bias = Bias Compensation method.)
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Figure 8: Accuracy comparison between the Bias Compensation method and
Generic RPC Refinement Method using simulated SPOT-5 data with nine
different magnitudes of errors and using one GCP as ground control and 36
check points for accuracy assessment. (Case 2: The sensor position error is
100m in x, y, and z directions, and the sensor attitude error is 0.01 radian
about the three axes; Case 3: Position error is 1000m in x, y, z, and attitude
error is 0.1 radian about the three axes; Case 8: Position error is 0, and atti-
tude error is 0.01 radian; Case 9: Position error is 0, and attitude error is 0.1
radian; and Cases 1, 4, 5, 6, and 7: The sensor position error varies from 10m
to 1000m in x, y, z, and attitude error varies from 0.0 to 0.001 radian.)
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Figure 9: Accuracy comparison between the Bias Compensation method
and Generic RPC Refinement Method using simulated SPOT-5 data with
nine different magnitudes of errors and using three GCP as ground con-
trol and 34 check points for accuracy assessment. (The magnitudes of
errors of the nine cases are the same as in Figure 8.)

working well with any number of GCPs, (3) not
requiring any other auxiliary data (except for one or
a few GCPs), and (4) simple in calculation and sta-
ble with the results—the method exhibits a great
potential for upgrading the current industry standard
solutions in sensor modeling and RPC sensor model
refinement.

2.4. Supervised Image Segmentation

Along with the significant improvement of spa-
tial resolution of remote sensing imagery since 1999,
traditional per-pixel based classification techniques
have been facing increased problems in achieving
acceptable classification results. Object-based classi-
fication has proven to be a promising direction for
classifying high-resolution remote sensing imagery,
such as Ikonos, QuickBird, GeoEye-1, and airborne
digital multispectral images.

In object-based classification, the image needs
to be segmented into individual object segments
first. The segments will then be classified into differ-
ent classes. The object segmentation is a crucial
process. It significantly influences the classification
efficiency and accuracy. However, current state-of-
the-art techniques, such as eCognition, rely heavily
on the operator’s experience to achieve a proper seg-
mentation through a labour-intensive and time-con-
suming trial-and-error process, in which a set of
proper segmentation parameters are repeatedly
selected, tested, and compared with the previous one
until the operator cannot find any better set or does
not want to continue the comparison anymore.
Therefore, the experience of the operator heavily
influences the accuracy of the classification.

In the CRC-AGIP Lab, a breakthrough algo-
rithm for supervised image segmentation was devel-
oped in 2005, a Fuzzy-Based Supervised
Segmentation algorithm [Maxwell and Zhang 2005].
The algorithm can find/calculate a set of optimal seg-
mentation parameters for segmenting objects of inter-
est for the state-of-the-art commercial software
eCognition (now renamed Definiens), through an
algorithm training and fuzzy logical analysis process,
instead of through operator’s trial-and-error process.

In 2009, a software tool for supervised seg-
mentation was developed by CRC-AGIP Lab based
on the concept of the Fuzzy-Based Supervised
Segmentation algorithm (Figure 10). To find the
optimal segmentation parameters, the operator just
needs to use eCognition for an initial segmentation
(Figure 11.a), and then use the initially segmented
sub-segments of an object of interest (also called
target object) (e.g. building in Figure 11.b) to train
the algorithm. After the training, the algorithm can
then identify a set of most suitable segmentation
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parameters for the object of interest through a fuzzy
logic analysis. Finally, this set of parameters is
inputted into eCognition to segment the entire
image, achieving an optimal segmentation of all
objects of interest (e.g. buildings in Figure 11.c).
The supervised segmentation software tool can
be integrated into eCognition. It can identify the
optimal segmentation parameters through a semi-
automatic process and achieve much better seg-
mentation results than a trial-and-error process
within a few minutes. Using the software tool, the
segmentation of other objects of interest can also be
achieved within a few minutes, producing signifi-
cantly improved segmentation results (Figure 12).
The Fuzzy-Based Supervised Segmentation
software tool developed by CRC-AGIP is (1) inde-
pendent of operator’s experience, (2) fast and accu-
rate, and (3) easy to use. It demonstrates the ability
to produce convincing segmentation results across
the entire image through a simple training process.
Therefore, this software tool has exhibited the
potential to significantly improve the current indus-
try standard in image segmentation and reduce the
labour-intensive trial-and-error process.

2.5. Satellite Imagery for 2D and
3D Online Mapping

Along with the rapid development of Internet
technologies, online mapping presents tremendous
potential for timely delivery and visualization of use-
ful map information. Since the availability of high-
resolution satellite imagery in 1999, the integration
of remote sensing imagery into online mapping has
made it possible to dramatically improve the timeli-
ness, vitality, and interpretability of geo-spatial

Earth (launched in 2005) in integrating 2D satellite
imagery into online mapping. Because of its tremen-
dous influence on people’s daily lives, Microsoft
launched Virtual Earth in 2005 [Virtual Earth News
2009], integrating more diverse remote sensing
images to attract users. Online 3D mapping was then
promoted through Virtual Earth’s initiative.
Research in this area has been conducted by Dr.
Zhang’s research group since early 2001. An online
satellite image mapping system was developed for
the local community and schools of Fredericton, NB,
Canada, in 2002 (Figure 13). In this system, pan-
sharpened Ikonos Im colour image (produced by
UNB-Pansharp) was used for the online mapping.
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Figure 10: Interface of the Fuzzy-Based Supervised Segmentation soft-
ware tool developed in CRC-AGIP, through which information of target
object and sub-objects (segments) can be inputted and optimal segmen-
tation parameters for the target object can be calculated.

information through the colour and detail of the
imagery. This has been demonstrated by the success
of Google Maps (launched in 2004) and Goolge

Figure 11: Process of the fuzzy logic-based, supervised segmentation, developed in CRC-AGIP at UNB. (a) Initial
segmentation obtaining sub-segments of an object; (b) Selection of sub-segments of a building (red) for training
to obtain optimal building segmentation parameters; (c) Final building segmentation using the optimal segmen-
tation parameters obtained from (b).
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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.

UNB image web map - Windows Internet Explorer

TV

——— -
S ¥ [E] hpiilstudo goe.unb.cals fredaictonhin___
File Edit View Favorites Tools Help
77 Favorites | (@ UNB image web map

¥ pm v Page - Safety ~ Tooks - @v 2

The Pan-sharpening
Technique

Examples
Publications

Instructions

GGE Home
UNE Home

For High School Students

Image Web Map - UNB

The fused image is
@ The University of New

Brunswick

Includes material
© Space Imaging LLC

Powered by Viewpoint

Viewpoint System

Fredericton Public School Locator

HyperView

~
UNB

High Schools
; LeoHayes High v
Middle Schools
Err—
Elementary Schools

o=

You can use this tool to locate both District 18 and District 1 public
schools that are on this image.

[--Choose--

For PC users:

Zoom in: Left mouse dick
Zoom out: Right mouse click
Pan: Hold down left mouse button and drag

For Mac users:

Zoom in: Click mouse button
Zoom out: Hold dovn control key and click mouse button
Pan: Hold down mouse button and drag

184

Pan-Sharpened 1m Ikonos Satellite Image of Fredericton, New Brunswick, Canada

Regquirements

HyperView: Full screen image view
This image shovs the urban area of Fredericton in the fall of 2001 taken from a height of
860km. The image is a pan-sharpenad 1m natural colour Ikonos image created using a new
image fusion technique developed by Dr. Yun Zhana, GGE, UNB. The original images vere a
1im panchromatic image and a 4m multispectral image set provided by the City of
Fredericton. See "The Pan-sharpening Technique” in this page for links to further image
examples.

* This Web page was developed by Ms. Pingping Xie, a graduate student of the Department of Geodesy and Geomatics Engineering, under the supervision of Dr. Y. Zhang, 2002. 3

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).
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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.

References

AUTM. 2006. Sharpening Our View of the World. The
Better World Project, Advancing Discoveries for a
Better World, 2006 Edition. Association of
University Technology Managers. http://www.bet-
terworldproject.net/documents/AUTM_RFF.pdf

Center for Photogrammetric Training. 2008. History of
Photogrammetry. By: Center for Photogrammetric
Training, Ferris State University. http://www.fer-
ris.edu/faculty/burtchr/sure340/notes/HISTORY.pdf
[last accessed Jan 15, 2010].

Diiring, R., FN. Koudogbo, and M. Weber. 2008.
TerraSAR-X and TanDEM-X: Revolution in space-
borne radar. 2008 ISPRS Congress Beijing. The
International Archives of the Photogrammetry,

Remote Sensing and Spatial Information Sciences.
Vol. XXXVII. Part B1. Beijing 2008, pp. 227-234.

GIM International. 2008. Product Survey—Digital Aerial
Cameras. GIM International, April 2008.

GIM International. 2009. Product Survey—Airborne
LiDAR Sensors. GIM International, Feb 2009, pp.
16-19.

Google Milestones. 2010. http://www.google.com/corpo-
rate/history.html [last accessed Jan 15, 2010].

Hughes, D. et al. 2010. The Development of
Photogrammetry in Switzerland. http://www.wild-
heerbrugg.com/photogrammetryl.htm [last accessed
Jan 15, 2010].

LiDAR—Overview. 2006. LIDAR—Overview of technol-
ogy, applications, market features and industry. By:
BC-CARMS, Centre for Applied Remote Sensing,
Modelling and Simulation, University of Victoria,

Victoria, BC, 2006,
http://carms.geog.uvic.ca/LiDAR%20Web%20Docs/
LiDAR%20paper%20june%202006.pdf [last

accessed Jan 15, 2010].

Lidar Remote Sensing Overview. 2007. Lecture 03. Lidar
Remote Sensing Overview (1), University of Colorado.
http://superlidar.colorado.edu/Classes/Lidar2007/Lect
ure03.pdf [last accessed Jan 15, 2010].

Maxwell, T., and Y. Zhang. 2005. A fuzzy logic approach
to optimization of segmentation of object-oriented
classification. Proceedings of SPIE 50th Annual
Meeting—Optics & Photonics 2005, San Diego,
California, USA, 31 July—4 August 2005.

Stoney, W.E. 2008. ASPRS guide to land imaging satellites.
http://www.asprs.org/news/satellites/ASPRS_DATA-
BASE_021208.pdf [Last accessed Jan 15, 2010].

Virtual Earth News, 2009. http://www.mp2kmag.com/vir-
tual-earth.asp [last accessed Jan 15, 2010].

Xiong, Z., and Y. Zhang. 2008. An initial study on vehicle
information extraction from single pass of satellite
QuickBird Imagery. Photogrammetric Engineering
and Remote Sensing, 74(11), pp. 1401-1412.

Xiong, Z. and Y. Zhang. 2009a. A novel interest point
matching algorithm for high resolution satellite
images, IEEE Transactions on Geoscience and
Remote Sensing, 47(12), December 2009, pp. 4189-
4200.

Xiong, Z., and Y. Zhang. 2009b. A generic method for
RPC refinement using ground control information.
Photogrammetric Engineering and Remote Sensing,
Vol. 75, pp.1083-1092.

Zhang, Y. 2002a. A new automatic approach for effec-
tively fusing Landsat 7 images and IKONOS
images. IEEE/IGARSS’02, Toronto, Canada, June
24-28, 2002.

Zhang, Y. 2002b. Problems in the fusion of commercial
high-resolution satellite images as well as Landsat 7
images and initial solutions. International Archives of
Photogrammetry and Remote Sensing (IAPRS),
34(4), ISPRS, CIG, SDH Joint International
Symposium on GeoSpatial Theory, Processing and
Applications, Ottawa, Canada, July 8-12, 2002.

Zhang, Y. 2004. Highlight Article: Understanding Image
Fusion. Photogrammetric Engineering & Remote
Sensing, 70(6), pp. 657-661.



G E O M A TT C A

Zhang, Y. and N. Kerle. 2007. Satellite remote sensing
for real-time data collection and the challenges. In:
Zlatanova and Li (eds.): Geo-Information
Technology for Emergency Response, London, New
York: Taylor & Francis Group, 75-102.

Zhang, Y. and P. Xie. 2003. Web-based natural colour 3D
visualization of urban environment using stereo-
scopic satellite images. Proceedings of ISPRS
Workshop on Spatial Analysis and Decision
Making, 3-5 Dec. 2003, Hong Kong.

Author

Yun Zhang received a B.Sc. degree in Land
Information and Mapping from Wuhan University

(1982), a Master’s degree in Geography and
Remote Sensing from the East China Normal
University, Shanghai (1989), and a Ph.D. degree in
Remote Sensing from the Free University of Berlin,
Germany (1997).

He is a Canada Research Chair in Advanced
Geomatics Image Processing, and a Professor at the
University of New Brunswick, Canada. With inter-
national research experience, Dr. Zhang is an
inventor of two patent and four patent-pending
technologies (three with his students) and developer
of six commercially licensed technologies (one with
his student). He is the author of 150 scholarly papers
and the recipient of three major international
research awards. (1

189





