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Abstract: Geo-referencing is the process of referencing spatial data to one common datum and projection
system. Without proper Geo-referencing, the use of geographic data will be significantly reduced. This paper
proposes an automatic method to Geo-referencing satellite images by utilizing Google tiles system. The
research’s specific objectives are to examine the potential of using tile scheme mapping for Geo-referencing
satellite images and to compare the obtained coordinates with other traditional Geo-referencing methods namely
ArcGIS 10.x. Satellites images data were downloaded for different locations throughout the globe with zoom
levels 11, 14 and 17. A Python script is developed, that requires zoom level and boundary coordinates of the
upper left corner of the area of interest. It incorporates several open source python scripts libraries. The script
converts the input data into the Google tile system by mapping screen coordinates (for every tile) to ground
coordinates. The program outputs a text file that contains both screen and ground coordinates for the corner
of each tile. The output text file can be used as an input to Arc Map or other software to perform coordinates
transformation. The script is tested on 27 randomly selected satellite image thought the globe. The obtained
results are compared to ArcGIS 10.1 Geo-referencing procedure and national coordinates. System. The
computed results found be better fitted when compared to ArcGIS method and are within 20 cm of the national
systems. The technique provides an easier and more accurate alternative for the Geo-referencing and can be
used for Geo-referencing LandSat archived satellites images.
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INTRODUCTION applications such as, urban planning, transportation,

Geospatial technology integrates data obtained from The market value of geospatial technology continues
remote sensing, photogrammetry, Global Positioning to grow considerably. Remote Sensing Technologies and
System (GPS) and Geographic Information System (GIS), Global Markets estimate that remote sensing technology
continues to evolve as one of the most powerful, dynamic will be a $12.4 billion business between 2012 through
and useful analytic tools of modern science and 2017. Forecast International estimates the market value to
engineering. Application areas continue to grow and be $17.0 billion for years 2012-2021 [1]. The World Remote
cover a wide spectrum of new and traditional users. Sensing Market Reports, states that an estimated 175,000
Customers of geospatial technology include not only the people are employed in remote sensing and geospatial
defense communities and geophysical constituency, but information industry in the USA alone. The number
also hundreds of millions of individuals and businesses includes those commercial firms, not-for-profit
who rely upon the technology for personal and business organizations, governmental agencies and academic
decision-making. Militaries, however, remain the main institutions involved in the capture, production,
users. Satellite data are used for meteorological and distribution and application of remotely sensed geospatial
scientific observation, as well as disaster relief data and information, primarily for the civilian sector. It is
management. Many countries are slowly but surely a rapidly growing segment of the much larger information
utilizing geospatial technology for a whole range of industry  [2].  The  report  also indicated  that  demand on

water management and environmental monitoring.
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Fig. 1: Georeferencing process a) scaling, b) translation, C) rotation and D) skew

satellite images is more than aerial photos. Digital black proper Geo-referencing, the ability of utilizing raster and
and white is on the top of the demand list, followed by vector data is seriously limited. Raw raster (scanned map,
digital color and multispectral images. aerial photo and satellite image) data may not be  related

Data accessibility   and   pricing   remain  issues to a ground referenced well-known coordinate system.
which many educators expressed significant The ability to accurately locate geographic features is
apprehension  about,  not  only  with   respect   to  funds critical in both mapping and GIS. Often, different sets of
to  acquire  data,  but  also  the  right  to  use  and  share. spatial data do not have the same coordinate system,
The lack of awareness among the private business even if they cover the same area. Describing the correct
leadership, non-profit organizations, governments, location and shape of features requires a coordinate
educators and the public is a major contributing factor framework for defining real-world locations. GIS datasets
that limits the application of geospatial application in the contain coordinate locations within geographic or global
third world. Cartesian or local coordinate systems to record

No matter what are sources of the raster and vector geographic locations and shapes. In this way, multiple
spatial data and regardless of the software utilized for GIS data layers can be overlaid concurrently onto the
displaying or analysis, all data must be geo-referenced to earth's surface. The Geo-referencing process differs
the same reference, projection and coordinate system. depending on the nature of the dataset (vector or raster)
This is the only way these data can be integrated, the  data   acquisition   techniques   and   sensor  type
displayed and analyzed simultaneously. (for active and passive sensors), but all must include

Geo-Referencing: Geo-referencing is the process of photogrammetry and remote sensing, the transformation
referencing  all   spatial   data   to   one   common  datum process is done either directly or indirectly. In the indirect
and projection system so it can be used with other transformation, parameters are computed from ground
geographic data. Geo-referencing may involve shifting, control points with known coordinates on referenced and
rotating, scaling and rubber sheeting (stretching) [3], target image. This method used traditionally  for  most
Figure 1. Geo-referencing method and  recently  is  adopted  for

The term image registration is often used Geo-referencing of image sequences acquired by an
interchangeably with Geo-referencing [4] especially in the airborne multi-sensor system [5]. On the other hand, with
computer vision and artificial intelligent fields. The need direct transformation these parameters are computed
for Geo-referencing cannot be over emphasized. Without using suitable navigation systems like, GPS, or Global

some sort of coordinates transformation. In GIS,
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Navigation Satellite System (GNSS). Typically, the Active sensors LiDAR, Terrestrial laser scanners and
process is performed by means of visible points in the SAR use the concept of direct Geo-referencing (DG) due
photo which real coordinates are well-known-so-called to the sequential measurement principle and the motion of
ground control points. The aerial photo is then the carrier vehicle. A significant amount of work for the
transformed  into   the   coordinate  system.  After  the automated Geo-referencing of point clouds from laser
Geo-referencing process, raster or vector data may be scanners has been conducted from different fields such as
combined with any georeferanced dataset by transforming artificial intelligence, computer vision and
it into another coordinate system by spatial adjustment. photogrammetry [15-21]. Darren Turner, et al. [22]
To geo-reference a map, image, an aerial photo, or any developed system that  incorporates  direct  and
similar dataset, at least three ground control points are traditional photogrammetry to geo-reference ultra-high
necessary. If more than three points are known, the errors resolution unmanned aerial Vehicle (UAV). Reviews of
of the transformation process can be reduced. With more existing registration methods can be found in in [15, 18].
than three ground control points, the mean root square Geo-referencing of satellite and aerial photos images has
(RMS) value can be calculated for every point. The bigger been addressed intensively in the last few decades, [23]
the RMS-value the worse the match of the real life point presented comprehensive literature surveys on the topic
with the calculated coordinates point. A RMS-value will of image registration.
be high if the coordinates of the corresponding point are In  2005,  Google  came  out  with  the  Bing  Maps
wrong or inexact. Therefore, this point should be removed Tile  System that   aims  at  making  the  access to
from the transformation process. For this reason, it is Google maps and images faster and  more  responsive.
important to have more than three ground control points, The techniques proved very effective and almost all
otherwise errors cannot be detected. In stereo pair commercial satellite server providers utilized the new
traditional photogrammetry, the task of Geo-referencing is concept. This paper aims at exploring the potential of
the determination of the exterior orientation (EO) using Google tile techniques for Geo-referencing
parameters of a sensor at the time of recording and the commercial satellite data and to compare error to ArcGIS
restitution  of   the   scene   from   the   image  data  [6]. Geo-referencing method.
The process would involve either linear or non-linear
solution. The linear method using control points is well Google Bing Maps Tile System Scheme: In the mid to late
known in photogrammetry as direct linear transformation 1990s, the concept of web mapping emerged and became
(DLT).The original proposal of the DLT method appears popular. MapQuest, Microsoft’s TerraServer and Yahoo
in appears in [7]. Since then, different variations of DLT Maps took the lead in this technology. All these system
methods have been introduced, example [8-13] and others. faced similar problems, mainly slow rendering and
Recently direct referencing was introduced, where the EO downloading. In 2005 Google came out with the concept
parameter is measured directly by navigation systems. of tile mapping that resolved both of these problems and
Direct Geo-referencing is currently being used in several made map/image browsing much faster and more
mobile applications, especially in terrestrial and airborne widespread. Soon Microsoft Virtual Earth, Yahoo Maps
LiDAR systems [14]. To better utilize information derived and other commercial application programming interface
from remote sensing images, it would be much more (API) providers as well as Open Street Map and Open
effective  to  reference  images  to   local   national Aerial Map were using the same concept, tiling profile,
systems. In the case of direct Geo-referencing, some tiles and are, therefore, compatible. The extent of all tiles
transformations are needed to derive the preferred result. as well as the zoom levels (l) (resolution in meters per
Three options are commonly used: pixel) are predefined for the whole earth. The difference is

Transformation of the complete scene after four main systems of tile indexing: Global scheme, Google
restitution; XYL, Microsoft Quad Tree and TMS (Figure 2).
Transformation of “virtual” ground control points The coordinates used in the Google Maps API are
obtained from partial scene restitution in a Cartesian presented to users in a form of latitude/longitude in
frame; WGS84 Datum. For map publishing in a form compatible
Transformation of the EO parameters prior to with all the popular interactive maps and especially for
restitution. ground tile overlays, spherical WGS84 instead of ellipsoid

only in how the equivalent tiles are indexed. There are
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Fig. 2: Tiles numbering systems (1)

Mercator projection is currently in use. Although the The ground resolution indicates the distance on the
Mercator projection significantly distorts scale and area ground is represented by a single pixel in the map/image.
(particularly near the poles), it has two important For example, at a ground resolution of 10 meters/pixel,
properties that outweigh the scale distortion: It is a each pixel represents a ground distance  of  10  meters.
conformal projection, which means that it preserves the The ground resolution varies depending on the level of
shape of small spatial objects. This is principally detail and the latitude at which it is measured. Using an
important when showing aerial imagery, to avoid earth radius (R) of 6,378,137 meters, Earth’s circumference
distorting shape of spatial entity, e.g., buildings should be (C ), ground resolution (G in meters per pixel) can be
rectangular not square. A cylindrical projection ensures calculated as:
north and south are always straight up and down and
west and east are always straight left and right. Since the
Mercator projection goes to infinity at the poles, it does (2)
not actually show the entire world. Using a square aspect
ratio for the map, the maximum latitude shown is Pixel Coordinates: Having chosen the projection and
approximately 85.05 degrees. This introduces error that zoom level of detail, the geographic coordinates, latitude
reduces  spatial   coordinates   and  location  accuracy, ( ) and longitude ( ) can be converted into pixel
but for  visualization  purposes,  this  error is tolerable. coordinates (x y ). The pixel at  the  upper-left  corner  of

The spherical projection causes approximately 0.33%
scale distortion in the Y direction, which is not visually
noticeable. In addition to the projection, the ground
resolution or map scale must be specified in order to
render a map.

At  the  lowest   level   of   detail   (Level   0),  the
whole  earth  is  represented  in  one  tile 256 x 256 pixels,
at  Level  1,  the  entire  earth  is  presented  by  4  tile
maps of 512 x 512 pixels. At each successive level of
detail,  the map  width  and  height  grow  by  a  factor  of
2: Level 2 is 1024 x1024 pixels, Level 3 is 2048 x 2048 pixels
and Level 4 is 4096 x 4096 pixels and so on, as illustrated
in Figure 3.

In general, the width and height of the map or image
(in pixels) can be calculated as:

e

p, p

Fig. 3: Tiles and pixels numbering scheme at different zoom levels
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Fig. 4: Tile's quadkey numbering system

the map always has pixel coordinates (0, 0). The pixel at
the lower-right corner of the map/image has pixel
coordinates (width-1, height-1). Figure 5,  is  an  example,
at  Level  3,  the  pixel coordinates range from (0, 0) to
(2047, 2047). In general, pixel coordinates can be
computed as follow:

(3)

(4)

The    longitude     is    assumed     to     range   from
-180 to +180 degrees  and  the  latitude  must be clipped to
range from -85.05112878degrees to 85.05112878 degrees to
avoid singularity at the poles and to produce square
image/map.

Tile Coordinates and Quad Keys: To optimize the
performance of image retrieval and display, the rendered
image is cut into tiles of 256 x 256 pixels each. As the
number of pixels differs at each level of detail, so does the
number of tiles. Each tile is given (x , y ) coordinatest t

ranging from (0, 0) in the upper left to (2  – 1,2  – 1) in thel l

lower right. Tile coordinates are directly computed from
the pixel coordinates as follow:

(5)

(6)

To optimize the indexing and storage of  tiles,  the
two-dimensional  tile (x ,  y )  coordinates are combinedt t

into one-dimensional strings called quadkey. Each
quadkey  uniquely  identifies  a  single  tile  at a
particular level of detail. Every time the zoom level
increases  by   1,   each   tile   is   enlarged  into  4  tiles
and each will keep the original number  plus  a new  digit.
For example at level 1, there are 4 tiles which represent the
entire globe numbered (0,1,2,3). At zoom level 2, the total
number of tiles  would  be  16. Tile 0, would be 00,01,02,03,
at level 3 tile 00 would be split into 000,001,002,003, as
shown in Figure 4.

Quadkey has several appealing properties:

The length of a quadkey (the number of digits)
equals the zoom level.
The quadkey of any tile starts with the quadkey of its
parent tile (the containing tile at the previous level).
Figure 6 shows an example, tile 2 is the parent of tiles
20 through 23 and tile 13 is the parent of tiles 130
through 133.
This system is quite simple and provide rather simple
transformation between tile number, tile coordinates
pixel number and ultimately tile corners ground
coordinates
It save disk space and minimizes retrieval time and
rendering and is effective as each point on the
earth’s surface would have a unique tile number that
is associated with the zoom level.
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The  Proposed  Research:  Although  Geo-referencing limited or no control points and the model seems to act as
and  image  registration  is  a  very  active research  area a rubber sheet.
in the computer vision and photogrammetry field and Utilizing the Google scheme has the potential to
other  disciplines,  the  use  of  Google mapping tile simplify and significantly enhance the Geo-referencing
scheme  is  new  and  literature  shows  no serious quality and minimize rubber sheeting. The primary
attempts  have  been  given  towards   utilizing   it in objective of this research is to examine the potential of
spatial   image    Geo-referencing.    Common   practical utilizing Google tiles mapping scheme for Geo-referencing.
Geo-referencing  methods  require  a  minimum three The research’s specific objectives are to:
control points with known ground and screen
coordinates.  The   control   points  are  visually selected Use tile scheme mapping for Geo-referencing satellite
or manually  entered  into  the.  The quality of the images.
obtained result is a function of the number of control Compare the obtained coordinate's with other
points,  their spatial distribution and the mathematical traditional Geo-referencing methods namely ArcGIS
model.  Practically, most users lean towards limiting the 10.x.
number of control points for saving time and realizing that
increasing the number of control points does not improve Research   Methodology:    To    achieve   the  two
quality beyond certain limits. Research shows that control research  objectives,  27  satellites  images  are
point distribution is very critical and affects quality a downloaded using GmapMaker, (commercial satellite
great deal. If controls points are not well distributed, then provider). The images were randomly selected areas as
errors  increase  significantly  in  the  zone  where there is shown is Table 1.

Table 1: Location of selected testing satellite images

Upper Lower
-------------------------------------------- -------------------------------------------

Number Lat Long Lat Long Zoom Resolution in meter

1 51.51829 0.270877 51.51288 0.255618 17 1.2
2 26.13957 50.5837 26.12568 50.55644 17 1.2
3 29.60033 33.87403 29.58454 33.84163 17 1.2
4 0 10 -0.05 10.05 14 9.6
5 10 0 9.9 0.1 14 9.6
6 15 5 14.89568 5.20095 11 76.4
7 25.5555 40 25.45555 40.2 14 9.6
8 30 30 29.333 30.222 11 76.4
9 24.854 13.349 24.654 13.549 14 9.6
10 19.444 -9.935 19.044 -9.535 14 9.6
11 34.9518 9.1706 34.75189 9.3706 11 76.4
12 27.2657 43.9107 27.0657 44.9107 11 76.4
13 31.2387 67.7672 31.0387 67.9672 14 9.6
14 32 90 31.5 90.5 11 76.4
15 22.878 104.448 22.7825 104.541 17 1.2
16 22.8748 -105.449 22.778 -105.348 14 9.6
17 -15 14 -15.08 14.08 17 1.2
18 -5 -75 -5.2 -74.6 11 76.4
19 -25.5555 32 -25.6555 32.2 14 9.6
20 -0.71483 -91.247 -0.883 -91.118 17 1.2
21 38.72 -123 38.62 -122.9 14 9.6
22 48.62 -122.9 48.52 -122.8 11 76.4
23 60.52 -119 60.32 -118.8 11 76.4
24 26.12 50.47 26.05 50.56 11 76.4
25 26.12 50.47 26.05 50.56 14 9.6
26 26.12 50.47 26.05 50.56 17 1.2
27 61.524 105.319 60.888 105.519 11 76.4
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Fig. 5: Python script flow chart

The  selected  27  images   samples   were
downloaded  at  3 different zoom levels (17, 14 and 11).
Two levels of testing are performed, in level 1 a python
algorithm  scripts  was  developed  to  compute  tiles at
both  image  and  ground  domains,  followed by
coordinate transformation. Level 2 testing focused on
comparing the obtained coordinate values to those
obtained by methods that are more traditional and to the
local national datum.

Algorithm: To accomplish the proposed research
objectives a Python script code is developed. It is design
to read the input image data, determine image location
within the Google map scheme, then compute the number
of tiles and spatial coordinates of the four corners of each Fig. 6: A sample of un geo referenced input image,
tiles. It generates a text file output that can be used as an coordinates of upper left corner and the zoom
input to ArcMap GIS or for any coordinates level are entered. A tic mark for every tile is
transformation software. generated (16 in this case)

The algorithm utilizes many public python library
subroutines to accomplish this task. Figure 5 shows the The resulted geo referenced image is  shown in
algorithm flow chart. Figure 7.

RESULTS AND DISCUSSION the resulting coordinates 16 tile corners points that are

To achieve the research first objective, all the 27 ArcGIS and to the national c coordinates system as
selected images listed in table 1 are tested with the python illustrated in Table 3 and Table 4.
scripts algorithm. The obtained result is saved in a text file By examining Table 3, it becomes clear that point 5
format that is then loaded into ArcGIS 10.1 and 2  order and 12 have the least discrepancy and that is becausend

polynomial coordinates transformation is applied to they are well mark control points that was used in the
achieve properly georeferanced image. A sample of the ArcGIS. In fact all other control points (1, 7, 9, 10, 15) seem
process is illustrated in Figure 6 and Table 2. to  be with in ± 2.00 meter. On the hand, point 4 and  6  are

To accomplish the second objective of the research,

computed by the algorithm to that are resulted from the
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Fig. 7: Resulted geo-referenced image
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Table 2: Tiles  Coordinates  generated  by  the  algorithm  for  a  test  image  located  upper  corner  at  (lat.  26.3131126377 ,  Long.  50.4272460938 )0 0

zoom level 14
Tic Point Image X coordinates (pixel) Image Y coordinates (pixel Ground Longitude (degrees)  Ground Latitude (degrees)
1 0 0 50.4272460938 26.2934150043
2 0 -1792 50.4272460938 26.1554379687
3 0 -3584 50.4272460938 26.0172975639
4 0 -5376 50.4272460938 25.8789944002
5 1280 0 50.537109375 26.2934150043
6 1280 -1792 50.537109375 26.1554379687
7 1280 -3584 50.537109375 26.0172975639
8 1280 -5376 50.537109375 25.8789944002
9 2560 0 50.6469726562 26.2934150043
10 2560 -1792 50.6469726562 26.1554379687
11 2560 -3584 50.6469726562 26.0172975639
12 2560 -5376 50.6469726562 25.8789944002
13 3840 0 50.7568359375 26.2934150043
14 3840 -1792 50.7568359375 26.1554379687
15 3840 -3584 50.7568359375 26.0172975639
16 3840 -5376 50.7568359375 25.8789944002

Table 3: Comparing algorithm computed coordinated to ArcGIS
Computed East Computed-North ArcGIS-East ArcGIS-North Difference in Difference in

Point coordinate (meter) coordinate (meter)  coordinate (meter)  coordinate (meter) meter (East) meter (North)
1 2,908,304.95 442,822.69 2,908,306.05 442,823.75 -1.10 -1.06
2 2,893,023.92 442,755.18 2,893,027.66 442,759.14 -3.74 -3.96
3 2,877,725.09 442,687.93 2,877,730.34 442,689.33 -5.25 -1.40
4 2,862,408.53 442,620.93 2,862,417.53 442,625.93 -9.00 -5.00
5 2,908,261.04 453,790.36 2,908,260.40 453,791.11 0.64 0.48
6 2,892,980.18 453,735.81 2,892,988.18 453,740.81 -8.00 -5.00
7 2,877,681.51 453,681.46 2,877,683.51 453,680.44 -2.00 1.02
8 2,862,365.11 453,627.32 2,862,363.31 453,623.73 1.80 3.59
9 2,908,226.45 464,757.94 2,908,228.45 464,760.00 -2.00 -2.06
10 2,892,945.71 464,716.33 2,892,946.91 464,718.33 -1.20 -2.00
11 2,877,647.17 464,674.88 2,877,650.17 464,676.88 -3.00 -2.00
12 2,862,330.90 464,633.59 2,862,331.80 464,634.59 -0.90 -1.00
13 2,908,201.17 475,725.43 2,908,200.17 475,722.33 1.00 3.10
14 2,892,920.53 475,696.78 2,892,919.00 475,694.74 1.53 2.04
15 2,877,622.09 475,668.23 2,877,623.29 475,670.23 -1.20 -2.00
16 2,862,305.91 475,639.79 2,862,308.31 475,641.82 -2.40 -2.03

Table 4: Comparing algorithm computed coordinated to National datum coordinates system.
Computed East Computed-North National Datum National Datum Difference Difference

Point coordinate (meter) coordinate (meter) East coordinate (meter) North coordinate (meter) (meter) zoom 17 (meter) zoom 17
1 2,908,304.95 442,822.69 2,908,304.85 442,822.55 0.10 0.14
2 2,893,023.92 442,755.18 2,893,023.72 442,755.00 0.20 0.18
3 2,877,725.09 442,687.93 2,877,724.88 442,687.73 0.21 0.20
4 2,862,408.53 442,620.93 2,862,408.40 442,620.77 0.13 0.16
5 2,908,261.04 453,790.36 2,908,261.25 453,790.13 -0.21 0.23
6 2,892,980.18 453,735.81 2,892,980.00 453,736.00 0.18 -0.19
7 2,877,681.51 453,681.46 2,877,681.31 453,681.76 0.20 -0.30
8 2,862,365.11 453,627.32 2,862,364.81 453,627.00 0.30 0.32
9 2,908,226.45 464,758.14 2,908,226.25 464,758.39 0.20 -0.25
10 2,892,945.71 464,716.33 2,892,946.01 464,716.60 -0.30 -0.27
11 2,877,647.17 464,674.88 2,877,647.37 464,674.68 -0.20 0.20
12 2,862,330.90 464,633.59 2,862,330.72 464,633.50 0.18 0.09
13 2,908,201.17 475,725.43 2,908,201.47 475,725.72 -0.30 -0.29
14 2,892,920.53 475,696.78 2,892,920.23 475,697.00 0.30 -0.22
15 2,877,622.09 475,668.23 2,877,621.85 475,668.53 0.24 -0.30
16 2,862,305.91 475,639.79 2,862,305.59 475,639.97 0.32 -0.18
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having the most discrepancy and might be related to their 6. Skaloud, J.,"et al.". 2008. Theory and reality of direct
spatial position and how far they are from control points. Geo-referencing in national coordinates, ISPRS
Discrepancy direction or sign seem to random, in most Journal  of   Photogrammetry   &  Remote  Sensing,
cases both the East and North coordinates are having the 63: 272-282.
same signs. Point 7 is the only point that East and North 7. Abdel-Aziz, Y.I. and H.M. Karara, 1971. Direct linear
coordinates are having different signs. It is important to transformation from comparator co-ordinates into
keep in mind that ArcGIS Geo-referencing process is very object–space coordinates. ASP Symp. on Close-
sensitive to the number and distribution of control points Range Photogrammetry.
and to the mathematical model. This might provide an 8. Bopp, H. and H. Krauss, 1978. An orientation and
explanation of to the way discrepancy distribution. calibration  method  for non-topographic

Table 4 shows that difference between the calculated applications. Photogrammtry. Eng. Remote Sensing,
points and  their   correspondences  in  the  national 44(9): 1191-1196.
datum are within ± 30 cm, in fact most are less than that. 9. Fischler, M. and R. Bolles, 1981. Random sample
The difference is due to point identification on national consensus: aparadigm for model fitting with
datum and due zoom level. Discrepancy seems to applications to image analysis and automated
significantly increase with the zoom level. cartography. Communications of the Association for

CONCLUSION 10. Holt, R. and A. Netravali, 1991. Camera calibration

Google tile scheme can be used as an alternative to Image Processing, 54(3): 368-383.
the present Geo-referencing methods. It is simple and 11. Klaus, 2006. Approximate direct Geo-referencing in
provide and acceptable accuracy for most engineering national coordinates, ISPRS Journal of
and mapping purposes. The issue of zoom level needs to Photogrammetry & Remote Sensing, 60: 239-255.
be look on carefully, since initial result suggests that 12. Okamoto, A., 1981. Orientation and construction of
accuracy drop significantly with the decrease of the zoom models: Part The orientation problem in close-range
level. The method reduces the effect of rubber sheeting photogrammetry. Photogrammetric. Eng. Remote
considerably. The proposed algorithm has the potential to Sens. 47(11): 1615-1626.
help in solving Geo-referencing issue especially with the 13. Shan, J., 1996. An algorithm for object reconstruction
older land Sat archived images. without interior orientation. ISPRS J.
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