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Abstract

In this study, we have analyzed how to update large
scale maps with the help of IKONOS images. To do
this, a com(})lete frame IKONOS image from aerial
photos (1:5000 scale) and 1:2000 scale digital maﬁs of
the city of Urumia have been used as test data. Here,
our objective is to exploit the spatial precision of a pan-
chromatic band, the spectral richness of a. mlﬂu?_pectral
image and the Sé)atlal and spectral capabilities of a pan-
sharpened product at the same time. Meanwhile,
geometric correction, image fusion, image information
extraction, change detection and incorporation of the
changes into the old maps are the main subjects of
discussion in the current research. At first, geometric
correction of IKONOS image has been analyzed with
the help of polynomial, rational and RPC functions
with tables and charts used to compare statlstlcai
results of these three models. Overall, the rational
model with a third coefficient gave the best result.
Geometric_correction with the RPC model without an
control points gave an RMS error of 15 meters, whic|
decreased to 70 cm. when only one control point was
applied. The model with the best results was used to
produce ortho-images of IKONOS pan-chromatic and
multispectral images. To extract different object
classes from the IKONOS image, visual interpretation,
Elxel-based and fuzzy object extraction methods have

een used. Aerial photographs and old maps were used
for editing and accuracy assessment of the results.
Image analysis methods for visual interpretation,
training _samples for supervised an
classification and interpretation of the output classes of
unsupervised classification all proved to be very
helpful. Further, to detect occurrences of changes
occurred relative to the old maps, comparison of the
old maps with new extracted mags. and comparison, of
the old maps with the IKONOS image were carried
out. Finally, the information content of the IKONOS
image was compared with obéect classes of 1:5000 and
1:2000 scale maps. For 1:5000 scale maps, most of
object classes were detectable and recognizable
however, only a limited number of classes in 1:2000
scale maps were detectable and recognizable. In sum,
it was found that IKONOS images are capable for the
revision of 1:5000 scale maps but has some
deficiencies in 1:2000 scale maps.

Keywords: mathematical modeling, geometric
correction, object extraction, information content,
revision
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Introduction
Satellite remote sensing with its advent in the second
half of the twentieth century has played a key role in
monitoring and mapping the Earth’s surface. Adequate
data in short time intervals has been available from
different parts of the Earth. Developments in satellite
data collection technologies had been concordant with
growth of applications of remote sensing data.
Initiation of high resolution satellite sensors is one of
those outstanding developments which have heralded
new applications of remote sensing data, one of which
is large scale mapping. IKONOS launched by Space
Imaging' in September 1999 (Space Imaging, 2006) is
the first commercial satellite which took images with a
one-meter pixel size. QuickBird (2001), EROS Al
(2000) and a number of other satellites have followed
it which have taken images about the same pixel sizes.
Maps are date stamped evidence of a locality
preserving the state of Earth’s surface in their
production time. Maps are collected in different scales
regarding to the spatial size of the objects to be
registered on the maps and the extent of the area of
interest. The larger the extent of the area to be
displayed on a map, the smaller the size of the objects
can be depicted and vice versa. Small scale maps
cover vast areas such as a province, a whole country or
even a continent on a single sheet. Large scale maps,
on the other hand, are produced for specific purposes
with a detailed information content of the area of
interest. Large scale maps are mostly used in urban
studies for different purposes. Urban land use, cadastre
maps and digital land information databases about real
estate ownership and utilities where exact awareness
about boundaries of adjacent land parcels is required
are prepared in larger scales. Revision and updating of
these maps require accurate data with sufficient spatial
precision. Before the introduction of high resolution
sensors, the only source for updating these maps was
aerial photography or land surveying which is costly
and time consuming. With the help of new high
resolution satellite images, updating of large scale

maps has been improved.
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Literally, in a map revision process, old maps and
recent images are overlaid and compared in order to
make changes recognizable. Using different
information extraction methods from satellite images,
the changed parts in maps are detected and modified.
In this work, we analyze geometric correction,
information extraction and different map revision

methods in order to update large scale maps.

Literature Review

The application of satellite images for the production
and revision of large scale maps has been extensively
analyzed by researchers around the world. Some of
these works which have been used in current study are
below summarized.

Patynen (1998) has described the revision process
for the 1:5000, 1:10000 and 1:20000 scale Finish
Topographic DataBase (TDB) using digital methods.
He has noted that time intervals to update 1:20000
maps had been specified over 10-20 years but, in
populated areas where changes are more rapid, this has
been reduced to 5-10 years. He has outlined that some
major facilities like roads, power lines and
administrative structures need continuous updating
(annually). He has explained the whole process of
scanning, geometric registration and otho-photo
creation and object extraction methods for TDB
updating process. Fiset et al (1998) studied the
revision of 1:50000 scale maps with the help of SPOT-
HRYV satellite images. They compared maps and recent
images to detect changes. Old topography and maps of
the study area were used for the accuracy assessment.
They used a method called Multi Layer Perception
(MLP) for the comparison of the maps and different
layers of the processed images. In this method,
different layers of maps and images with different
levels of processing are overlaid by optical devices.

Metternicht (1999) analyzed the revision of
topographic maps with the help of remote sensing data
and automatic image object extraction methods. He
divided change detection in satellite images and aerial

photographs into the two steps of before and after the
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classification process. Division, image ratio and PCA
are specified as the pre-classification steps, while
comparison of the old maps and recent images were
categorized as post-classification methods of image
information extraction. After listing deficiencies of the
above methods, he explores a methodology for
computing changes using fuzzy modeling. Using fuzzy
sets and fuzzy logic, likelihood of changes detected
from remotely sensed images are defined.

Yi-jin and Xiao-wen (2004) have presented
satellite image analysis for map revision. They have
underlined the utilization of knowledge derived from
existing GIS database as a priori knowledge in the
image classification process. They have used
cartographic semantics to extract objects from images
based on geometry and topology rules. By identifying
the differences between the image and the vector map,
new geographic features and the changed features are
detected. Depending on the results, the map is
updated. Manavi studied the revision of 1:50000 scale
maps with the help of IRS-1D images in Kerman, Iran.

First, he tried to achieve sub-pixel accuracy in
geometric correction of the IRS images. Then, he used
three object extraction methods including automatic
classification, visual interpretation and field check to
detect object classes in 1:50000 scale maps. In his
study, Manavi (2004) exploited spatial factors like the
elevation, slope and pattern of the objects in the visual

interpretation method to detect and recognize objects.

Test Data and Study Area
Our data included an IKONOS image frame with four
multispectral bands and a panchromatic band, aerial
photographs of the same area with the scale of 1:5000
and digital maps with the scales of 1:10000, 1:5000
and 1:2000 also from the same area. The study area is
covered by an IKONOS image frame of the
northwestern Iranian city of Urumia. The coordinates
of the image are: NW: 45-00-05 lon., 37-36-12 lat.;
SE: 45-07-17 lon., 37 - 31 - 17 lat.

The image covers most of Urumia city (Figure 1).

The northern and eastern parts of the image show the

Figurel. The study area image and distribution of GCPs (dark points) and ICPs (light points).
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agricultural city margins with spotted industrial and
other buildings. There are no conspicuous geographical
phenomena in the image, and the terrain is relatively
flat. There are only some low altitude hills on the top
west margins of the image. The elevation ranges from
1300 meters in low level drainage basins to 1430
meters at the western hills. As most parts of the image
have elevations around 1310 to 1350 meters which

demonstrates that the terrain is relatively flat.

Geometric Correction Methods

In order for imagery to be utilized in GIS and other
applications for which pixels must be correctly geo-
located, image ortho-rectification is a necessity
(Mercer et al, 2003). Therefore, three geometric
correction methods were analyzed and the results were
compared to find the model with the best accuracy.
These are the polynomial, rational and RPC models.
For all the models, different combinations of GCP?s
and ICPs were used (Table 1). Combinations 1 to 14
were used in all three models but the last three

combinations only were used for the RPC model. The

results of the models were compared to find the most
accurate one in order to be used in ortho-rectification

of the images.

Polynomial Model

The polynomial model in its first order is a simple
linear mathematical function with three unknown
parameters. This model posseses five orders extending
from one to five. Different combinations of GCP and
ICPs have been used for different orders of the
polynomial model (Table 1). Accuracies of each
combination for each order of the model listed in a
table. Charts of these tables were prepared for better
analysis and comparison of the results. The third order
of the model gave the best overall result, where the
amounts of RMS error for the ICPs are the lowest
among other orders (Table 2). As can be understood
from its name, ICPs are calculated independently from
the model; therefore, its accuracy is more reliable.
RMS errors in this order are less than a half of the

pixel size of the study image (Figure 2).

RMS error of GCPs & ICPs with different combinations of GCP/ICPs
(Polynomial order 3)
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Figure 1. Accuracies of third order of polynomial model (accuracies are in meters).
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Rational Function Model (RFM)
An image coordinate is determined from a ratio of two

polynomial functions (ITL, 2006):

(M
r=P1(X,Y,Z)/P2(X,Y.,Z) =
ml m2 m3 nl n2 n3
Z&;; aUkX’Y’Z"/;;; b, X'Y' Z*
c=P3(X,Y.Z) / PAX.Y.,Z) =
ml m2 m3 nl n2 n3
Zogg cU.kXiY’Zk/;;kZ::; d, X'y'z*

Where r and ¢ are normalized pixel coordinates on

the image; X,Y,Z are normalized 3D coordinates on

the ground (map and DEM); a;, by, cji, dy are

polynomial coefficients. The RFM maps three-
dimensional ground coordinates to image space on all
types of sensors such as frame, pushbroom,
whiskbroom and SAR systems.

Rational functions have 18 coefficients starting
from 3 and extending to 20. Different combinations of
GCPs/ICPs have been used to calculate accuracies for
the coefficients of this model. The amounts of RMS
errors are listed in a table to analyze and compare the
results (Table 3). Maximum accuracy has been
achieved in the third coefficient (which is the first
coefficient of this model). RMS errors in this
coefficient are less than a half of the pixel size of

IKONOS panchromatic image (Figure 3).

RMS error of GCPs & ICPs with different combinations of GCP/ICPs
(Rational Coef. 3)
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Figure 3. Accuracies of third coefficient of rational model (m)

Table 1. Different GCP/ICP combinations used for mathematical modeling.

poinbinations |y | 5 3 g s (6| 7|89 10|23 14f15]16]17
oints
GCPs 73153135120 15]13]11]10] 9 8 7 6 5 4 3 2 1
ICPs 22 (4260 | 75|80 82 |8 |8 | 8 | 87 [ 88 | 89 190 | 91 | 92 | 93 | 94
Table 2. Results of the Polynomial model for the first combination of GCP/ICPs (m).
GCPs: 73 ICPs: 22
Orders
dx Dy dxy dx dy dxy
1 0.25 0.25 0.35 0.3 0.28 0.410366
2 0.24 0.23 0.33 0.3 0.27 0.403609
3 0.24 0.24 0.33 0.3 0.26 0.396989
4 0.24 0.23 0.33 0.3 0.27 0.403609
5 0.24 0.23 0.33 0.3 0.27 0.403609
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Table 3. Results of the rational model for the first combination of GCPs/ICPs (m).

Coefficients GCPs: 73 ICPs: 22
dx Dy dxy dx dy Dxy
3 0.24 0.24 0.34 0.31 0.26 0.4046
4 0.23 0.23 0.33 0.32 0.29 0.4319
5 0.23 0.23 0.32 0.31 0.29 0.4245
6 0.23 0.22 0.32 0.31 0.29 0.4245
7 0.23 0.22 0.32 0.29 0.3 0.4173
8 0.23 0.22 0.32 0.29 0.31 0.4245
9 0.22 0.22 0.31 0.29 0.31 0.4245
10 0.22 0.22 0.31 0.3 0.31 0.4314
11 0.22 0.22 0.31 0.3 0.33 0.4460
12 0.22 0.21 0.31 0.3 0.38 0.4841
13 0.22 0.22 0.31 0.3 0.36 0.4686
14 0.22 0.22 0.31 0.3 0.36 0.4686
15 0.22 0.21 0.3 0.28 0.4 0.4883
16 0.21 0.21 0.3 0.32 0.4 0.5122
17 0.21 0.21 0.3 0.32 0.4 0.5122
18 0.21 0.21 0.3 0.32 0.46 0.5604
19 0.21 0.21 0.3 0.31 0.46 0.5547
20 0.21 0.21 0.3 0.31 0.46 0.5547
RPC Model

The RPC model can be expressed simply as a ratio of
two cubic polynomials (ITL, 2006). The equation 1

can be rewritten as follows (Hu et al., 2004):

r=(1ZY X..Y>X%)(ay a; ... a L)z
Y X, Y?X)(1 b ... bio)T (2)
c=1ZYX..Y’X(¢cyej...c IQ)T/(I z

Y X... Y X1 d ... dg)T

A least-squares approach can be utilized to
determine the RPC model coefficients a;, b;, c;and
d; from a 3-dimensional grid of points generated by

intersecting the rays emanating from a 2-d grid of

image points — computed using the physical camera

model — with a number of constant elevation planes.
For the previous models, only the first 14

combinations of GCPs/ICPs were used while in the

WA Ll aslen

RPC model all of the combinations presented in Table
1 used to estimate the accuracies of the model. The
RPC model can be calculated without any GCPs, but
with a higher RMS error. Without using any GCPs the
model resulted in a 15 meter RMS error whereas,
using only one GCP, this amount was reduced to 70
cm. Best results (for check points) were achieved
when only 10 control points and 80 check points were
used (Table 4). When only one control point is used,
the RMS error was still less than the pixel size of the
image (Figure 4). The milestone of the RPC model is
that we can achieve a satisfactory accuracy using the
least number of control points. This will result in less
cost for the collection of control points, especially
where the study area falls in an area that we have some
natural or political constraints in terms of access to

GCP collection.
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RMS Error of GCPs/ICPs

RMS error of GCPs & ICPs with different combinations of GCP/ICPs
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Figure 4. Accuracies of RPC model (m).

Table 4. Accuracies of the RPC model in all combinations of GCPs/ICPs (m).

GCPs/ICPs Gers 1CPs
dx dy dxy dx dy dxy
73/22 0.28 0.27 0.388973 0.4 0.37 0.544885
53/42 0.25 0.26 0.360694 0.38 0.34 0.509902
35/60 0.28 0.28 0.39598 0.33 0.33 0.46669
20/75 0.24 0.33 0.408044 0.33 0.29 0.439318
15/80 0.23 0.33 0.402244 0.33 0.29 0.439318
13/82 0.24 0.28 0.368782 0.33 0.3 0.445982
11/84 0.23 0.28 0.362353 0.32 0.3 0.438634
10/85 0.24 0.29 0.376431 0.32 0.29 0.431856
9/86 0.25 0.26 0.360694 0.32 0.3 0.438634
8/87 0.21 0.27 0.342053 0.34 0.31 0.460109
7/88 0.23 0.29 0.370135 0.34 0.31 0.460109
6/89 0.21 0.3 0.366197 0.32 0.3 0.438634
5/90 0.13 0.33 0.354683 0.35 0.31 0.467547
4/91 0.15 0.2 0.25 0.35 0.3 0.460977
3/92 0.19 0.24 0.306105 0.35 0.3 0.460977
2/93 0.25 0.36 0.438292 0.34 0.34 0.480833
1/94 0.28 0.35 0.448219 0.36 0.58 0.682642
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Comparison of the Results of Mathematical Models

After analyzing three mathematical models, we used
the best result of these models to find the model with
better accuracy to produce the final ortho-image. As
mentioned above, polynomial order 3 and rational
coefficient 3 had better accuracies compared with
other orders and coefficients of the models. These are
used to draw a chart, together with the accuracies of
the RPC model to find the best model (Figure 5). In
this comparison chart, we see that the best accuracies
are achieved with Rational Coefficient-3 for ICPs and
Polynomial Order-3 for GCPs. The worst accuracies
for both GCPs and ICPs are achieved with the RPC
model. Since the ICPs are calculated independently
from the model, they are more reliable; we therefore
used the Rational Coefficient-3 as the most accurate

model to produce the ortho-image of the study area.

Ortho- Image of the Study Area
As the rational model with a third coefficient gave the

best results for the mathematical modeling process, we

used it to produce an ortho-image from the pan-
chromatic band of the IKONOS image. At first, four
multispectral bands of the image had separately
undergone a geometrical correction process using the
RPC files of each band. Then, a multispectral image
using all four bands of the image were produced.
Using the Rational Coefficient-3, this image also used
to produce a multispecral ortho-image. Until now, we
only had ortho-images of the panchromatic band with
a pixel size of one meter and a multispectral image
with a pixel size of four meters. To produce a pan-
sharpened product using these two images, different
image fusion methods were analyzed. The PCA*
method with respect to its better spatial accuracy was

chosen to produce the pan-sharpened product.

Object Extraction Methods

Three object extraction methods were applied to
extract object classes from the IKONOS image,
namely visual interpretation, image classification and

fuzzy object extraction.

0.8 1

0.7

Compariosn of the RMS errors of GCPs/ICPs for all three models

0.6

RMS Error of GCPs/ICPs

0.2 W

05 > P —
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—O— Rational-Co3_GCPs

—«—RPC_ICPs
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Figure 5. Comparison of the accuracies in meters for all three models, polynomial order-3, rational coefficient-3 and RPC.
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For the visual interpretation, different image
analysis methods were used to better extract object
classes. In the automatic -classification method,
supervised and unsupervised methods were used to
classify object classes. Training samples were
extracted from the image with the help of aerial
photographs and digital maps to be used in
unsupervised classification. These training samples
were also used for the fuzzy classification, which was
implemented by eCognition and IDRISI softwares. All
of the information extracted from visual interpretation,
automatic classification and fuzzy methods was
converted to vector layers. These vector layers then
used to compare with the old maps in order to detect

changes occurred relative to the old maps.

Change Detection

After creating the ortho-image, we overlaid vector
maps on the image. Both new extracted vector layers
and the old maps were used in the overlay process to
compare the old maps with the new extracted vector
layers and the IKONOS image. Old vector maps have
a 1:2000 scale, so not all of their features can be
extracted from IKONOS images. As mentioned

before, the image was acquired on March 2006 and the

maps were extracted from aerial photographs and
ground surveying from 2002, i.e. about four years of
difference. We analyzed the image and the vector
maps to find those parts in the image that has been
changed since 2002. In some parts, changes were
obvious, for example a new building has been
constructed (Figure 7) or a road expanded. But in
some other parts like agricultural fields, changes are
not so distinct, where the source of change is related to
different kinds of crops cultivated each year. While a
city expands, fields become deserted and converted to
roads or other constructions (Figure 6).

We checked the feature classes contained in
1:10000, 1:5000 and 1:2000 scale maps in the study
image. These feature class lists are prepared by the
NCC (National Cartographic Center) of Iran based on
cartographic standards and experience built up over
years of mapping missions. Most of information
content for smaller scales were detected and
recognized but little information content in 1:2000
maps was detectable. Some feature classes, such as
small buildings and even cars, which are detectable
cannot be recognized. We could hardly specify exact
bounds of these smaller buildings for 1:2000 scale

maps and there were mixed pixels in margins. Of

— Vectors of 2002
— Updated wvectors based on the image

Figure 6. Borders of fields have changed and new street is constructed since 2002. Also it seems fields have been deserted.
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Figure 7. New buildings constructed since 2002.

course, in these cases, the accuracy is acceptable for
the larger scales of 1:5000 and 1:10000. We analyzed
our results and compared them with other work carried
out previously. All groups of features in 1:10000 are
detectable; most groups of 1:5000 scale maps and only
a little number of groups of features in 1:2000 scale
maps are detectable in IKONOS images (Sadeghian et
al., 2001; Samadzadegan et al., 2004). While our test
area maps were 1:2000, only a few groups of features
were detectable and could be updated. But larger
phenomena like blocks of buildings and industrial
streets, road

constructions, agricultural fields,

crossings were detectable.

Conclusion

Based on the results of the geometric models, the best
geometric correction model to rectify the IKONOS
image of the study area is the rational model with a
third coefficient. Since spatial resolution of IKONOS
Geo Multispectral bands differs with panchromatic
band, correcting them separately will give conflicting
results. Geo level geometric corrections use RPC files
for each of the image bands which are provided by the
SI Company. These files are not dependent on the

pixel size of the images and give equal accuracies for

WM lienl @ les -

all bands of the image. Accordingly, individual pixels
in each of the multispectral bands and the
panchromatic band with Geo level correction would
posses a complete compatibility. When a band
combination or image fusion processes are applied to
these bands, objects on each band will fit with the
other bands and the final image will look quite natural.
Therefore, it is better to run an image fusion process
using panchromatic and multispectral images before
conducting geometric corrections.

At the object extraction stage, training samples
proved to be very helpful both in supervised as well as
fuzzy image classification methods. Based on visual
interpretation and using old maps, IKONOS image
and aerial photographs, training samples were
selected. Different processing levels of the IKONOS
image (PCA image, Ratio images) were also helpful in
selecting training sites.

The precision of geometric correction was a
crucial factor in the change detection process, as well.
Precise overlay and fitness of the objects both in the
old maps and the new extracted vector layers on the
IKONOS image was a key factor in the change
detection process. Comparison of the new vector

layers with the old maps had superiority in terms of
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allowing the possibility of changing color and

displaying different layers to make changes more

conspicuous.
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Note

I_ Space Imaging is a company based in US and
founded in 1994 which is active in the fields of
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