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Cities and villages in Egypt are subjected to rapid growth. Growth can
be beneficial economically, but it also has significant effects on the
environment, and if it is left unchecked can have negative impacts. Rapid
population increase led to replace agriculture land by buildings, roads
and highways. The changes are in particularly harmful when urban
expansion occurs against surrounding agricultural areas. So the
expansion of cities and villages must be monitored. Recent developments
in remote sensing enable us to use high resolution satellite images for
different purposes. One of the main application fields for remotely
sensed data is the large-scale topographic mapping and map revisions,
for which it is necessary to detect and extract features from such
imagery. The high resolution space images available now from IKONOS
and Quick Bird do have a resolution which is partially in competition to
aerial images. This paper presents an evaluation of using IKONOS
satellite images for large scale mapping purpose. This evaluation has
two elements, the first is geometric potential and the second is the
information contents. The results of this study show that correcting
IKONOS imagery using one or two Ground Control Points (GCPs) gives
about 1.6m horizontal accuracy, higher accuracy can be obtained using
more GCPs. The feature extraction is performed by manual on screen
digitizing. The results are verified against a 1:25000 topographic map,
features such as roads and canals can be extracted with about 70-99%
accuracy.

KEYWORDS: Large Scale Mapping, IKONOS, Information Content
of Satellite Images.

1. INTRODUCTION

When Space Imaging Corporation (now called Geoeymcessfully launched the
IKONOS satellite in 1999, it was the world’'s firehe-meter commercial remote
sensing satellite. Moving over the ground at apipnaexely seven kilometers per
second, IKONOS collects black-and white and muditdpal data at a rate of over
2,000 square kilometers per minute. IKONOS s#teilfhagery provides access to any
location on the Earth’s surface through the jousniéynakes around the globe. One of
the main applications of IKONOS imagery is to cdileital statistics about the Earth’s
ever-changing features from fluctuations in land ester resources to the build-out of
new urban areas. Applications of IKONOS images eafigm national security and
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disaster assessment to urban planning and agrigluihonitoring [Philip Cheng et al,
2008]. The main objective of this study is to ewdduthe possibility of using IKONOS
satellite imagery for large scale mapping.

2. METHODOLOGY

In order to achieve the objective of this studg tbllowing steps were performed and
their results are evaluated.

» Correct the image geometrically using the RatioRalynomial Coefficients
(RPC) model. Then, improve the planimetric accunaging polynomial models.

* Merge panchromatic image with multispectral imageng three different
merging techniques and evaluate which techniqueesgivbest visual
improvement.

e Extract map feature using manual on-screen diggizi

e Evaluate the obtained results by comparing it witti25000 map.

3. STUDY AREA AND USED DATA.
3.1 Study Area:

The selected site covers "Assuit" city and its aunding area. The area of interest for
this study consists of various land covers suchioasl networks, agricultural land,
sand, bare soll, grass, residential areas, and Waties. The main water body appears
in the image is River Nile, many other water bodias be found such as canals and
drains.

3.2 IKONOS Satellite Data:

IKONOS images are acquired as 1-meter resolution
panchromatic and 4-meters resolution multi-spectrd|@Pl€l: IKONOS Bands.
images. While the panchromatic images represent[T :
visible range of the spectrum, the four bands oltim Bands Frequencies (um)
spectral images represent the red, green, blueead Blue 0.4510 0.52
infra-red range of the spectrum (Table 1). Green 0.521t0 0.60
IKONOS image products including Geq,Red 0.63 to 0.69
Reference, Pro, Precision, and Precision Plus,i¢®oY Near IR | 0.76 to 0.90
different processing levels and correspondif 0.45 10 0.90
positioning accuracies (Table 2). Highly accurate : '
products such as Precision or Precision Plus cashrmore than the less accurate Geo
product. It is sometimes very desirable and imprta use the lower-cost IKONOS
Geo product and still achieve outcomes comparabliné more expensive products.
The Geo-product is rectified to a specified plaasapel to the earth ellipsoid using the
direct sensor orientation of the satellite whiclb&sed on GPS, inertial measurement
units and star sensors [Satellite Imaging Corpona2010].

Table2: Accuracy of 1 m Resolution IKONOS Products
Product Geo Reference Pro Precision  Precision plus
Accuracy 25m 11.8m 48m 19m 09m
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3.3 Used Data:

High spatial resolution image obtained by the IKOND satellite of Geoeye was
selected for this study. This image was orderedGas-product, the 11 bit raw
multispectral and panchromatic satellite scenessfuit area was acquired on February
17, 2006 at 08:59 GMT with a Nominal Collection Awmith of 315.7160 degrees, and
a Nominal Collection Elevation of 61.15005 degre®@he scene have an image
dimension of 6900 by 13000 pixels.

A 25 well known and well distributed control poimv&re selected all over the
study area. The coordinates of these points olatanyeusing Promark3 differential
GPS system, and the data from rover and base weits processed using GNSS
software.

3.4 Reference Map.

A 1:25000 reference map covers the study area tosgdrify the results, this map
was produced by the military surveying departmen2@06. This map was scanned
and geometrically corrected using its corners aB @&e used as a softcopy map.

4. GEOMETRIC CORRECTION OF IKONOS IMAGE.

In order to leverage the IKONOS images for mapgpglications, it is necessary to
correct the images geometrically. Two methods @amided: the rigorous method and
the Rational Polynomial Coefficient (RPC) methoding rigorous method is limited
by availability of sensor and orbit parameters.tdad of using rigorous method,
GeoEye Corporation relies on using an empiricdistieal model called Rational
Polynomial Coefficient [Blyuksalih, G. et al. 2004]

In the RPC model, image pixel coordinates (px, 30 expressed as the ratios
of polynomials of object coordinates (X, Y, Z), whiis correspond to latitude,
longitude and height. In order to improve the nuoarstability of the operations, the
two image and three object coordinates are easketadind scaled to fit the range from
-1.0 to 1.0. For an image, the ratios of polynomteve the following form:

< _ X Y. Zs)
T BREX,.Y,.Z.)
£3(X_.Y,.Z.)
TMX_.Y,.Z,)

P¥a

Where pxn and pyn are normalized pixel coordinaad Xn,Yn,Zn are
normalized object coordinates.
To compute the normalized coordinates. the follgaequations are used:

DX — PX DY — PV,
px, —BPXTPXg o PY _PY
px, Py,
x XX oy X Y o, _Z 2
X, Y, zZ,

Where px0, py0 and pxs, pys offset and scale vafoeghe two image
coordinates respectively, and similarly X0,Y0, Z@daXs, Ys, Zs offset and scale
values for the object coordinates.
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In the RPCs, the maximum power of each object doatd and the total
power of all object coordinates are limited to 13.such a case and following the Sl
definition of coefficient sequence, each polynomigs the following form (for
convenience, the subscripts are omitted), whickddda the 80 RPCs per IKONOS
image:

F(X,Y,Z)=C1H+CoY +CaX+CaZ+CsXY+CoY Z+CrXZ+CgY “+CoX *+CyoZ +CypY >+C1 ZY X+
C13 X2Y+C14Z2Y +C15Y 2X+C16X 3+C1 7 X Z2+C16Z Y 2+ oZ X *+CpoZ°

With RPCs, the first coefficient of the denominaof, to avoid the case when
the denominator becomes close to zero [Emmanu&ddaas et al, 2001].

4.1 Accuracy Improvement

For the Geo-products, the internal standards $tate90% of the check points must
fall with 15- 25 meters of the true location on thege. This value depends on terrain
characteristics. This is commonly referred to a®9CEslenn Reese, 2005].

The RPCs supplied with the Geo-product images septethe imaging
geometry to a planimetric accuracy of 25m CE90 ¢é¢mt C. Tao et al, 2004]. In order
to improve the planimetric accuracy of the imageditional models such as
polynomial models were applied with the RPCs. Thiglels are:

Table 3: Polynomial models.

No. M odel Formula
1 Translation X'=g+X , Y'=bg+Y
> Scale and X'=agtay X
translation Y'=by+b Y
3 Affine (Fries-order X'=agtayX+aY
polynomial) Y'=bgtb X+b,Y
4 Second-order X'= agtaX+apY+ agXY+ ayX *+asY?
polynomial Y'= bgtbX+b,Y +bsXY+ byX?+bsY?
X'= agtaX+aY+ agXY+ aX?+asY? +aX 3+a Y3+
2 2
5 third-order aX Y+ aXY
polynomial Y'= bytb X+b,Y +boXY+ by X 2+bsY 2+beX 3+b,Y 3+
beX2Y+ boXY 2

4.2 Geometric Correction of IKONOS Image.

Each of the previous geometric correction modelsewmmbined with RPCs model
using ERDAS 9.1 software. In implementation, foclke&CP, we measure the image
coordinates (i, j) of the point. The Rational Fumct(RF) based triangulation is
applied to calculate the ground coordinates (X,$)nce we know the correct
coordinates (X',Y") of the GCP, Two equations canestablished according to the
previous models. Using all available GCPs thateaally more than the minimum
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number required, over-determined equation systeams be set up to compute the
optimal estimates of the transformation paramedigra least- squares adjustment. The
transformation parameters can then be used to dentpa improved coordinates of
other points. In order to assess the appropriateobshe models, check points are
used, which are not used for estimating the transiton parameters in the
adjustment. Differences between calculated and knoyordinates of the check points
are the basis for the Root Mean Square error (RM&epch model [Jue Wang et al,
2005]. In order to evaluate the influence of numaed distribution of GCP on the
accuracy, different number and position of GCP weyed for each model . Table 4
summaries the results.

Table4: Summary of geometric correction results.

Number of Root mean square Maximum
Method ugcg 0 errors(m differences (m)
X Y XY X Y XY

1.359 | 2.147 2.541| 2.561| 3.371| 4.233
1.589 | 1.829 2.421( 2.612| 3.402| 4.289
Translation 1 1.250 | 1.113 1.674| 2.578| 2.556| 3.630
1.151 | 1.083 1.581| 2.79 | 2.699 3.882
1.005 | 1.452 1.767| 2.751] 2.902| 3.999

Scaleand 1.160 | 1.246 1.704] 2.546[ 2.583] 3.627
Trandation 2 1.769 | 1.96q 2.641| 3.42 | 4.183 5.403
1.129 | 1.406 1.804] 3.008] 2.753] 4.078

1.105 | 1.137 1.586| 2.522| 2.838| 3.797

Affine 4 0.813 | 1.399 1.619]| 1.605( 2.897| 3.312

6 0.812 | 1.151) 1.409]| 1.496| 2.523| 2.933

0.711 | 0.997 1.225| 1.415| 2.562| 2.927

2™ order polynomial 10 0.903 O.93§ 1.303( 1.813| 2.353| 2.970
12 0.792| 0.847 1.160( 1.158| 2.004| 2.315

3 order polynomial 12 0.599| 0.744 0.958( 1.262| 1.839| 2.230

The results show that using a simple translatiodehand one GCP, we can
correct the majority of errors and reach RMS ofudtibm in X & Y coordinates. It is
recommended that a scale and translation modeh @ffane model with four to six
well-distributed GCPs be used to achieve a betteuracy about 1.5 m, this method
seem to be the most practical one. The second-pafgnomial model in image space
with ten or more GCPs provides the highest acculaBym in horizontal. However,
higher-order polynomial models give higher accuraitygenerally requires more
GCPs. A scale and translation model or an affindehwith few GCPs leads to about
1.5 m horizontal accuracy, so this imagery is &lgtéo be used as a 1:5000 map.
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5. INFORMATION CONTENT

Information contents will be increased as and wiienspatial and spectral resolution
of the satellite improves [Radhadevi P.V. et al)40 To improve the visual quality,
image pan-sharpening technique was used. The noéidga-resolution multispectral
and high-resolution panchromatic satellite imagesan important issue for remote
sensing and mapping applications [Pohl and Van €emd1998].

Pohl and Van Genderen provided a comprehensivewest image merging
techniques. they categorize the image merging twtm groups: color related and
statistical/numerical techniques. Statistical/nuo#rtechniques can also be separated
into individual groups as statistical and numeriahniques [Mitchell H.B., 2010].
For this study three different techniques were uted techniques are:

1) Intensity Hue Saturation (HIS) Technique

The IHS colour transform can effectively separatamdard RGB (Red, Green, Blue)

image into spatial (I) and spectral (H, S) inforimat The most important steps are:

(1) transform a colour image composite from the R&pBce into the IHS space.

(2) replace the 1 (intensity) component by a paosfatic image with a higher
resolution.

(3) reversely transform the replaced components fitdS space back to the original
RGB space to obtain a merged image. The IHS teaknigs become a standard
procedure in image merging.

2) Principal Component Analysis (PCA) Technique

The PCA is a statistical technique that transfoammaultivariate inter-correlated data

set into a new un-correlated data set. Its mosbitapt steps are:

(1) Perform a principal component transformationcemvert a set of multispectral
bands (three or more bands) into a set of prin@paiponents.

(2) Replace one principal component, usually thet iomponent, by a high resolution
panchromatic image.

(3) Perform a reverse principal component transétion to convert the replaced
components back to the original image space. Afsaterged multispectral bands
is produced after the reverse transform.

3) Arithmetic Combination Technique.

Different arithmetic combinations have been empibfe merging multispectral and
panchromatic images. The arithmetic operations oltiplication, division, addition
and subtraction have been combined in differentswayachieve a better merging
effect. Brovey Transform, SVR (Synthetic Variableatir), and RE (Ratio
Enhancement) techniques are some successful exarfgpleSPOT pan merging.
Brovey Transform uses addition, division and miliktggion for the merg of three
multispectral bands [Erdas imaging 9.1 field gujd2®08]. Its basic processing steps
are:

(1) Add three multispectral bands together for a suagen

(2) Divide each multispectral band by the sum image.

(3) Multiply each quotient by a high resolution paneT8VR and RE techniques

are similar, but involved more sophisticated caltiohs for the sum image.
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Principle Component Analysis and Intensity-Hue-&ttan methods are
categorized as statistical method. On the othed hBrovey method is categorized as
an arithmetic combination. The merging process lmamrvaluated in terms of spatial
and spectral quality, respectively. The assessofesgatial quality can be evaluated by
comparing the panchromatic image and the mergeddanasee whether the structures
of the objects in panchromatic image are injected the multi-spectral images, the
assessment of spectral quality can be checkedrpaing the merged image with the
original multi-spectral image to see whether thdiametry of the two images is as
identical as possible. But for the time being, ¢hare no effective ways to evaluate the
merging result both qualitatively and quantitatweVisual inspection is still the most
common method to evaluate the merging result qiaddly. In additional, several
guantitative indexes such as mean, median, stamtdsidtion, correlation coefficient,
etc., can be also used to assess the merging remudtitatively [Wang Zhijun et al,
2004]. In this paper, we used visual inspectionet@luate the merging results
gualitatively and use statistical parameters meaadian, standard deviation, and
correlation coefficient to evaluate the degreeiwifilarity between the original images
and the merged images. Figure 1 and table 5 sheewiluation results.

AN NN
multispectral image

L

c. Merged image using HIS technique d. Merged enagjng PCA technique
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L W = Eil:?.“ﬁ. A
e. Merged image using Brovey technique
Fig.1: Visual inspection to evaluate the merginguiequalitatively.

Table5: Degree of similarity between the original images and the merged
images

BROVEY Merged

HIS
Image

PCA Merged Image

Deviation

Coefficient

" - ---r-.---aa----= - -~ r---- r---T-TrT---9-°- - °-*° | |
Median | 284.06 , 308.85, 363.86, 578.8] 108.28211.75 , 155.19 | 223.02 , 61329, 318.59
e i o e
Standard ! ! ! ! ! ! !
162.443) 72.606 | 129.442 291.73%  53.83202.848! 51.641 | 195.281) 244.44) 16653
1 1 1 1 1 1 1
- ——--Fr----Ad----- m====F-=-=-- F-==-=-Fr-=-=-="q----- 1= = === - ====
Correlation | | | | | |
0808 , 0.805 , 0798, 0.981] 0811 0932 |, 0502 | 0943 |, 0936
1 1 1

Depending on the visual inspection only, there wece clear differences
between the three merged images as shown in figlifed assessment of the spatial
quality is carried out by visually comparing thenplromatic image and the merged
image. It was found that the objects in panchrammatage, for example, isolated small
building can be identified, indicating that the Bglainformation has been injected into
the merged multi-spectral image. More detailed rimftion can be identified in the
merged image. The statistical parameters of thgimgresult were compared with the
original multi-spectral image and the correlati@eficients (between channels) were
also computed. Table 5 presents the statisticalnpaters of mean, standard deviation
and median of the histogram of the RGB channelsrigfinal image and the merged
images as well as the correlation coefficients betwthe RGB channels of the original
image and the merged image.

The difference in standard deviation can globadlyresent the level of detailed
information. The higher the standard deviation, fiere detailed information [Wang
Zhijun et al, 2004]. After the merging process, sitendard deviation of each channel
of merged image should be increased. This showsntbae detailed information is
included in the merged image and it is consisteith ¥he visual inspection results.

Red Green Blue NIR Redq Gre¢nBlue Red | Greer Blug
Mean 316.748! 324.817! 385332 600.086 117.36284.909! 151.254| 316.988 ! 599.776!  390.95
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Since the correlation coefficient represents thgrele of similarity, the value of the
correlation coefficient is desirable to be as highe possible, but it cannot reach to 1
which means that the merged image is the sametiatioriginal multi-spectral image
and no spatial information from panchromatic imeggadded to the merged image.

5.1 Evaluation of the Information Content.

In order to evaluate information content of the oggty-sensed image, two different
methods were applied. 1) Using the National Imagetgrpretability Rating Scale
(NIIRS), and 2) Using on-screen digitizing method.

1) National Imagery Interpretability Rating Scale (NIIRS)

U.S. Government and Contractor team created thRNIThe NIIRS Scale is a scale
used for rating imagery acquired from various imggsystems. The NIIRS originated
in the Intelligence Community and is the standagelduby imagery analysts, collection
managers, imagery scientists, and sensor desigiRfRS, 1996]. The concept
underlying the NIIRS is that imagery analysts stobke able to perform more
demanding interpretation tasks as the quality derpretability of the imagery
increases. The NIIRS consists of 10 graduated dev®l to 9), with several
interpretation tasks or criteria forming each leviélese criteria indicate the amount of
information that can be extracted from an imagea gtven interpretability level. For
example, analysts should be able to count railtoacks in a NIIRS 4 image and be
able to identify the type of rail car (flat car,xboar, etc.) and engine (diesel, steam,
etc.) in a NIIRS 5 image [Gene Dial et al, 2003].

To assign a NIIRS rating to an image, imagery atalare asked to judge
which tasks they can accomplish and which feattlveg can see in the imagery. In
making such judgments, the imagery analyst tak&s account scene content and
image acquisition conditions. Obviously, not evenage contains the specific items
mentioned in the criteria. When features referennetthe criteria are not present, the
analyst must imagine these objects are presentakd an educated guess as to which
criteria can and cannot be accomplished on the embgother words, the imagery
analyst rates interpretability by judging what &slould be accomplished or what
features could be seen on an image of that qualityf the information needed to do
the tasks or the features included in the scalewegsent in the image. In this way,
the imagery analyst is in fact judging the inforipatpotential of the image, rather
than making judgments about what was or was noialg¢timaged. The 10 graduated
levels of NIIRS are illustrated in details at ImagdResolution Assessments and
Reporting Standards (IRARS) and Civil National lredgterpretability Rating Scale
(NIIRS) Reference Guide (http://www.fas.org/irp/itiniirs_c/index.html).

In October 1978, National Digital Mapping Standaf(@®DMS) published
classification/coding of topographic features farge scale maps [Sahin H. et al,
2004]. These features were arranged in table & ialshis table objects are classified
based on their level of detection and recognition.
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Table6: Summary of IKONOS image infor mation content evaluation

Detectability Manual Recognizabilit

SI No Level 1 Level 2 Level 3

Perfec
Good
Medium
Poor
NOLU
Available
Excellen
Good
Medium
Poor
Not
Available

Cultural
Feature

Buildings Residential X

Commercial X X

Educational X X

Industrial X X

Religious X X

Historical X X

Health care X X

Recreational Perk/Garden X X

Play Ground X X

Swimming Pool| X X

Stadium X X

Beach X X

Other Tower X X

Mining area X X

Fence X X

02 Transport

Road class Free way X
District Road X

Village Road

Street

Cart track X X
Footpath X X

Railway track

Bridge Bridge
Subway X X
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Transport Railway
Terminal Station X X
Airport
Harbor/Port X
Others Parking area X
Traffic island
03 Vegetatio
n
Agricultural
Land X
Tree Single
Grove
Hedge
04 Wasteland
Wasteland Barren
Rocky
Sandy
Sand dunes
05 Hydrogra
ph
Water body River X X
Stream
Lake
Tank
Drain X X
Canal
Structure Aqueduct
Weir X
Barrage
Dam
Others Island
Coral Reef
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The previous table demonstrates that IKONOS imagédcbe rated on NIIRS
at 4.5, these results is nearly the same resultaingll by other researchers as
Baldridge, 2002.

2) On-Screen Digitizing.

On-screen digitizing of IKONOS image was realizgdHydas imagines 9.1 software
package. Obtained vectoral information was compwai#don field and 1:25000 scale
maps. Some linear objects such as roads, canalsaiady have been evaluated
guantitatively; the comparison results are showalie 7.

Table7: Linear featurein merged image vs. in reference map

Measured Length (m)
Object InMerged | In Reference | Accuracy
Image Map %
Two Lane
18324.897 19035.579 96.27
Roads
District Roads 7959.146 7972.545 99.83
Roads :
Village Roads 6095.36 6131.221 99.42
City Street 7818.485 9261.328 84.42
Unpaved Roads 6289.228 8894.824 70.71
Main Canals 9668.898 9669.222 99.99
Branched
Canals 10441.807 11543.657 90.46
Canals
Drains 9706.46 9867.327 98.37
Railway 6435.16 6435.8 99.98

This table clearly shows high possibility of usitfONOS image for feature
extraction. The accuracy of features extractiorgeanfrom 70 to 99% depending on
the width and the shape of the object.

Large scale map is not available for the study ,aoedy a map of scale
1:25000 produced by military surveying was ava#akind it was used to be compared
with a manual digitizing for Assuit university coags from the merged image. the
results of the digitizing process is shown in Feg@ra. then we layed over the digitized
part on the same part from the map, Figure 2.bwshihe results after overlying
process.
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Figure 2.b: The results after overlaying process.
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6. CONCLUSIONS

Based on the above experimental results, one e@amttie following conclusions:

1)

2)

3)

4)

5)

6)

Large scale maps at a scale of 1:5000 can d@duped from IKONOS satellite
images due to high accuracy of geometric correctwacess, which meet
planimetric map accuracy needed.

According to the amount of information whichnclhe extracted from IKONOS
satellite images, IKONOS images can be rated aba.BlIIRS. This means that
IKONOS images have a good quality to be used fgelacale mapping.

By using a simple translation model and one GICs possible to correct the
majority of errors and reach RMS of 2 m in horialmoordinates accuracy.

It is recommended that a scale and translatiodel or an affine model with four
to six well-distributed GCPs be used to achieva@uracy of about 1.5 m. These
methods seem sufficient for 1:5000 mapping.

The Third-order polynomial model with twelve 8€ provides the highest
accuracy of 0.95 m. However, higher-order polyndomadels generally require
more GCPs.

All merging techniques used (HIS- PCA- Brovekipve shown a good detail
increasing. HIS technique has the highest cormaativith the original
multispectral image, but using PCA technique kebpsnumber of bands the same
before and after merge.
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