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Abstract. One of the most important features of a tourist mapping
service is its ability to speed up the process of large image naviga-
tion. To achieve this goal, most techniques use interactive compres-
sions such as Multiresolution Seamless Image Database, ERMapper
compressed wavelet, and JPEG2000. An alternative approach is
proposed in this article using quadtree structures, which allows direct
access to information and avoids compression and decompression
operations. The proposed strategy is designed to function within a
framework of interoperability and integration with the universal
search platforms of mapping services. In this study, a photogram-
metric image of the entire Andalusia region is used to assess a strat-
egy of cutting and merging images and evaluate the geometric
accuracy of the raster data. The proposed approach is shown to
result in errors of less than 2.5 m at more than 90% of the control
points. © 2012 Society for Imaging Science and Technology.
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INTRODUCTION

The amount of information generated by various disci-
plines is constantly increasing, leading to difficulties in its
management and processing. The growth in the quantity of
data needing to be transmitted and stored has given rise to
significant advances in the development of new transmis-
sion and storage technologies aimed at improving data
management and processing. Fiber-optic technology, for
example, allows much faster data transmission, while Blu-
ray disc permits large amounts of data to be stored in a
small physical environment.'

While it is true that both storage and transmission
capacities are steadily increasing, the need for mass storage
and transmission still seems to increase at least twice as fast
as storage and transmission capacities. There are also situa-
tions in which capacity has not increased significantly. For
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example, the amount of information we can transmit over
the airwaves will always be limited by the characteristics of
the atmosphere.” For situations where capacity limitations
are difficult to overcome, data compression becomes an
attractive option.

The aim of data compression is to reduce redundancy
in stored and communicated data, thus increasing effective
data density. One benefit of compressing the data to be
stored or transmitted is to reduce storage and/or commu-
nication costs.” Two categories of compression algorithms
or techniques are currently in use. Lossless compression
involves no loss of information. The original data can be
recovered accurately from the compressed data. This tech-
nique is generally used for applications that cannot tolerate
any difference between original and reconstructed data,
e.g., a compressed text file or program. Lossy compression
involves loss of information; generally speaking, data that
have been compressed using lossy techniques cannot be
recovered or reconstructed exactly. In many applications,
this lack of exact reconstruction is not a problem, e.g.,
image (jpg) or video compression (mpg).

Data can be compressed using different techniques,
depending on the type of data to be processed.* Geographic
information system (GIS) is no exception to this need to
compress data. The amount of information being managed
is continually growing due to increasing demands from
education, land use, environment, urban planning, and
land registry. Raster images/orthophotos used in GIS tend
to be of higher resolution and require a considerable
amount of memory, which impedes agile handling. There
is, thus, a need for different compression approaches for a
wide range of georeferencing purposes. Some of the com-
monly used approaches are summarized below.

ERMapper compressed wavelet (ECW)’ developed by
Earth Resource Mapping, uses a system based on wavelet

Jan.-Feb. 2012



Castillo-Carrion et al.: Algorithms and accuracy of transforming orthophoto maps into quadtree tiling for Google Maps

compression with ratios of 25:1 and multiresolution hier-
archical data structures that allow quick access to any part
of the image. It automatically decompresses the portion of
the image with the level of detail requested and compresses
it again with another portion from a conventional format
such as JPEG. ECWP, developed by Earth Resource Map-
ping, is a protocol that works over http. It is similar to
ECW and is used in conjunction with the Image Web Server
product from Earth Resource Mapping.® Multi-resolution
Seamless Image Database (MrSID) by LizardTech’ and
developed at Los Alamos National Laboratory® also
employs a wavelet-based system.” JPEG2000 is another
wavelet-based standard and GeoTIFF embeds georeferenc-
ing data in a TIFF file.

The above mentioned compression techniques involve
computation cost, due to the need to decompress and pro-
cess the region of interest. The present study focuses on a
quadtree tiling system, which allows access to data in a sim-
ple and convenient way while consuming minimal band-
width. The following sections describe the proposed
algorithm to transform orthophoto maps into a quadtree
tiling system and the methodology for estimating the geo-
metric accuracy of the resulting maps.

QUADTREE TILING SYSTEM

The proposed approach is based on storing images using a
quadtree-based map coordinate in a hierarchical structure
of folders, where part of the map is segmented into tiles at
different levels of details (zoom level), see Figure 1. This
approach provides visualization of detailed maps with aer-
ial and satellite views in a simple and convenient way.
Transmission of high-resolution images requires higher
bandwidth. However, high-resolution images are not dis-
tinguishable from their low-resolution counterparts when
viewed from a distance. The basic idea is to utilize mini-
mum bandwidth for maximum distinguishable resolution.
High-resolution images are subdivided into tiles, where
only viewable tiles are downloaded as needed. This pro-
vides the online browsing capability for very high-
resolution 2D images without the cost of downloading the
entire full-resolution image to the client. '
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Figure 1. Map cut into files with higher resolution.
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Since there is no Open Geospatial Consortium speci-
fication for a tiled web map service standard, Google
developed its own based on a similar tiling scheme with
its Google Map service. Google Maps Imagery (Google
Maps) makes use of a quadtree system for storing and
accessing its pyramid of imagery tiles. It is based on
256-pixel square tiles, compressed in JPG format and
organized as “qrst” quadtree-based map coordinates in a
hierarchical structure of folders (parts of the map were
segmented into tiles at different zoom levels). This is
done using the qrst recursive quartered subdivision.
The image of the earth is used as tile “t,” level 1 at mini-
mum detail. Divide this into four to get “tq,” “tr,” “ts,”
and “tt” (level 2), then divide each of these into four
more to get “tqt,” “tqq” (level 3), and so on until the
desired N-level of detail is reached,'' see Figure 2. The
projection used is the Mercator map projection with sys-
tem reference WGS84!? (EPSG 4326). To reach the tile
“tgssrrrtgstgssqsrsr” (level 18), one starts off at map t and
zoom in on tq, obtaining map tq. Subsequently, map tq
passes to “tgs,” and so on, until the desired level of detail
is reached, as can be seen in Figure 3.

The clever part of the proposed approach is the system
used for addressing image tiles, while simultaneously nam-
ing and geocoding the files. Each tile is associated with a
two-dimensional coordinate system (x, y) in which each
coordinate takes values in the interval [0,1]. From the
name of a tile, a pair of coordinates can be generated, asso-
ciated with the upper left corner of the tile. Each coordinate
is proportional to the position of the corner in the earth
image. For example, Figure 4 shows that the coordinates
associated with “qrrs” are (0.4375, 0.0625). Once these
coordinates (x, y) have been obtained, its geographical
coordinates (22.5° W, 82.6762875814065° N) can be com-
puted using the following equations:"’

180

Latitude(y) = 2 e arctan(el(1727)7) o — % (1)

Longitude(x) = 360 e x — 180 (2)

METHODS: SPLITTING, JOINING, AND
REPLACEMENT ALGORITHMS

The Andalusia region benefits from the existence of exten-
sively high-quality aerial photography, often much better
than that provided by Google. In this article, a three-step
algorithm to interface with Google’s massive computing
infrastructure is described, which enables the publication
of large, raster datasets within the framework of Google
Maps.

Preliminary Steps

The Andalusian cartographic database uses European
Datum 1950 (ED50) and Universal Transverse Mercator
(UTM). It is different from Google, which uses WGS84
and the Mercator projection system. To merge the two
dataset, the first step is to transform the Andalusian maps
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to the WGS84 and Mercator projection system, using
orto_pnoa_etr589_vs_ed5014 and GDAL utilities.' Figure 5
shows the effect of applying this reprojection. Once all the
maps have been transformed to WGS84 and reprojected to
Mercator, a map database entry was obtained for the subse-

_— quent splitting, joining, and replacement algorithms.

Splitting Algorithm

In this step, the algorithm generates all the tile names of the
highest required level (level N). For each name, it identifies
the area or region and looks for pieces of this area in the
map database and creates the tile map through the composi-

LY B < tion of the pieces obtained. For example, given the name
e AT . MR MAR T “gssrrrtgstgssgs,” it identifies the geographical coordinates of
: its upper left and lower right corners using Eqgs. (1) and (2).

tgssrrr q  tgssrrrtgstgssq tqssrrrtgstqssqsrss  tgssrrrtgstqssqsrst

Figure 2. Detailed example of grst quartered subdivision.

tas tgss

tgssrrrtgs tgssrrrtq tgssrrrt tgssrer

tgssrrrtgst tgssrrrtgstq tgssrrrtgstqssq

-
<+

A

tgssrrrtqstgssqsrsr tgssrrrtgstgssqsrs tssrrrtqstqssqsr tgssrrrtgstqssqs

Figure 3. Division of tiles fo reach level tgssrrrigstgssqgsrsr.
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Once these two pairs of geographical coordinates have
been calculated, the algorithm identifies the maps of the data-
base entry that contains the required area and proceeds to
extract the area from those maps. Note that the database
entry can be a set of JPEG raster files with georeferential in-
formation in plain text format. The extracted images are then
used to create a georeferenced tile of 256 x 256 pixels and a
JGW plain text file (a file used to georeference a .jpg file,
which provides real world coordinate information that allows
a corresponding .jpg file to be correctly positioned on a map
or in a mapping system) that contains information about the
scale of the image per pixel as well as the coordinates of the
upper left pixel of this new tile, see Figure 6. If this tile already
exists, it will be updated rather than creating a new one. The
detail will be discussed in the Replacement Algorithm section.
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Figure 5. Reproject WGS84 UTM to WGS84 Mercator.

J. Imaging Sci. Technol.

MAP DATABASE ENTRY

Joining Algorithm

To create a tile at level N-1, its four qrst pyramid subdivision
tiles of level N are joined together, and the resulting tile is
resized to 256 x 256 pixels. For example, to generate tile
“gssrrrtqstgssq,” tiles “gssrrrtgstgssqq,” “gssrrrtgstgssqr,”
“gssrrrtgstgssqs,” and “gssrrrtgstgssqt” are joined as shown
in Figure 7. The joining operation is done using the GDAL
utilities. An alternative is to obtain the tile directly from the
map database entry at the splitting phase. However, this will
require working with image areas too large to be kept in
memory, especially when working with lower level tiles, thus
consuming more resources and being less efficient.

Replacement Algorithm

No new functionality is introduced added at this step.
Replacement simply combines the splitting and joining
steps to update tiles with a better map database entry. For
example, suppose a better orthophoto database entry is
available, which covers only part of the “gssrrrtqstgssq”
tile, and it is at the highest level of the pyramid of. Then,
part of “gssrrrtqstqssq” is updated with the new region, as
shown in Figure 8, during the splitting step. Subsequently,
all lower levels are regenerated (updated) via the joining
steps, e.g., “gssrrrtqstqss” and “qssrrrtqstqs”.

Results

Splitting and Joining

The objective of the study is to create the tiles form level 8 to
15 of the subpyramid that covers the entire Andalusia region
using a set of large Andalusian orthophotos with a 1-m pixel
resolution as the map database entry. The goal is to obtain 12
subpyramids of tiles at level 8—qssrrqsq, gssrrqst, gssrrqsr,
qssrrqss, gssrrtrr, gssrrrtq, gssrrrtt, qssrrsqq, gssrrrtr, qssrrrts,
qgssrrrsq, gssrrrst—and their seven next levels (see Figure 9).

TILE OBTAINED

rri

0.0000430012
0.0000000000
0.0000000000
-0.0000339750
-4.7790393520
37.8835185517

qgssrrrtgstqssgs.jgw

Figure 6. Splitiing orthophoto fo create file.
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gssrrrtgstgssqq  qssrrrtgst

1 P e
. :‘ -

qssqr

i

qssrrrtqstqsscit gssrrriqstqgssqs

‘ qssrqstqssq
(512x512 pixels)

| gssrrrtgstgssq
| 1(256x256 pixels)

Figure 7. Joining and resizing four files fo create the previous level tile.

A 7 fo
qgssrrrtqstqssq

T

gssrrrigstq

ssq updated

Figure 8. Updating file given better map database entry.

gssrrasg qgssrrqgsr

qgssrrqst

Figure 9. Tiles of level 8, which covers Andalusia.

The database entry consists of 2744 orthophotos with
UTM and ED50, from which 136,593 jpg tiles were created
with WGS84 and Mercator projection. Statistical methods
were used to estimate map quality, with positive results,
and the resulting map tiles have been included in Andalusia
Envivo mapping services.'® The process was carried out by
a computer with Intel Core 2, 1.86 GHz, 4 GB RAM, and
took 3 days and 6 h.

Replacement

The highest level in the Andalusia pyramid of imagery tiles
is 15. The main goal is to update tiles of two subpyramids
(gssrrrtqsqrqrqs and gssrrrtqsqrqrrt, see Figure 10) that
cover the area of Cordoba using a set of orthophotos with

J. Imaging Sci. Technol.
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Figure 10. gssrriigsqrqgrgs (left) and gssrrrigsqrart (right) old tiles, 1o be
updated.
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Table 1. Statistical variables for normal distribution surveys (m).

Function Ex Ey RMSE
Min —2.6201 —4.5524 0
Max 3.5802 4.1636 6.7834039
Range 6.2003 8.716 6.7834039
N 588 588 588
N_Sturges 10 10 10
Amplitude 0.63 0.88 0.68
N_Sturges*amplitude 6.3 8.8 6.8
N_Sturges*omplitude-range 0.0997 0.084 0.0165961

(N_Sturges*amplitude-range) /2 0.04985 0.042 0.0082981

Note: Min: Minimum aggregate function; Max: Maximum aggregate function; Range: Minimum
interval containing the data; N: Number of geodetic stations; N_Sturges: Set of the number of
class intervals using Sturges’ rule; Amplitude: Range /N Sturges. Meter: (m) is the unit of length
used in all fables.

Table 1. Ex (m) for each class interval.

MinS MaxS MeanS FrecS
—2.67 —2.04 —2.355 18
—2.04 -14 —1.725 2
-14 —0.78 —1.095 50
—0.78 -0.15 —0.465 89
—0.15 0.48 0.165 122
0.48 1.1 0.795 122
1.1 1.74 1.425 70
1.74 2.37 2.055 53
2.37 3 2.685 22
3 3.63 3.315 14

Table Ill. Ey (m) for each class interval.

Figure 12. Tile “gssrrrigsqrargsrrstt.”

Min§ MaxS Mean$ FrecS
r ‘ _ —46 -37 —4.16 13
| =% A\Y > 372 284 328 19
K. | ¢ ‘ 284 19 Y %
a. ’ ' 196 108 152 68
Figure 13. From left fo right: “gssrrrigsqrarriqgs,” “gssrrigsqrariggsq,” —1.08 —0.2 —0.64 106
and "gssrrigsqrgrriggsqr.” 02 0.68 0.24 190
0.68 1.56 1.12 95
1.56 2.44 2 50
2.44 3.32 2.88 16
3.32 42 376 1

finer resolution of 0.15 m per pixel in UTM projection and
ED50 coordinate system while adding five more levels to
the pyramid.

First, the orthophotos needed to be converted into the
Figure 14. Infegration of the new and old mosaics. WGS84 coordinate system with a Geographic Mercator
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Table IV. RMSE (m) for each class interval.

MinS Max$ MeanS FrecS
—0.01 0.67 0.33 78
0.67 1.35 1.01 155
1.35 2.03 1.69 151
2.03 27 2.37 85
27 3.39 3.05 45
3.39 4.07 373 35
4.07 4.75 4.4 17
475 543 5.09 15
543 6.11 511 13
6.11 6.79 6.45 6

Table V. Mean and standard deviation (m).

B y RMSE
Mean 0.4215279 —0.057037 1.9313265
Standard deviation 1.2453233 1.536878 0.0828783

projection, yielding the result shown in Figure 11. Next,
splitting algorithm is performed to create all tiles of level
20. Figure 12 shows an example of the highest level of detail
that has been achieved in the new mosaic. Figure 13 shows
new tiles with this higher resolution mosaic. The last step
was the performing the joining algorithm to obtain
updated lower levels of the pyramid. Figure 14 shows the
integration of new and old mosaics.

GEOMETRIC ACCURACY OF THE QUADTREE
STRUCTURE

The Federal Geographic Data Committee (FGDC) estab-
lishes and implements standards for data content, quality,
and transfer.'” The FGDC defines a Data Usability Standard,

the National Standard for Spatial Data Accuracy'® (NSSDA).
This is a statistical testing methodology for estimating the
positional accuracy of points on maps and in digital geospa-
tial data, with respect to georeferenced ground positions of
higher accuracy.'® In this study, a method for evaluating the
geometric accuracy of the orthophotos’ quadtree structure
based on the NSSDA standard is employed using geodetic
stations as an independent source of higher accuracy to test
the positional accuracy of maps. Geodetic control surveys
are usually performed to establish a basic control network
(framework). They are often employed when mapping con-
trol is required. In this study, 588 geodetic stations were
used to estimate positional accuracy.

To estimate positional accuracy, root-mean-square
error (RMSE), x-horizontal accuracy (Ex), and y-horizontal
accuracy (Ey) are used. RMSE is the square root of squared
differences between dataset coordinate values and horizontal
coordinate values from a geodetic station for identical
points. Ex is the difference between dataset x-horizontal
coordinate values and x-horizontal coordinate values from a
geodetic station for identical points. Ey is the difference
between dataset y-horizontal coordinate values and
y-horizontal coordinate values from a geodetic station for
identical points.*®

Statistical Surveys

All collected data need to be condensed and simplified for
better understanding and usefulness.”’ Classification is the
first stage in simplification. A total of ten class intervals
were generated by applying Sturges’ rule, see Table I. Ampli-
tudes of 0.63, 0.88, and 0.68 are observed in the Ex, Ey, and
RMSE class intervals, respectively. N Sturges* amplitude
shows the new ranges computed for all class intervals, which
exceed the initial ranges by 0.0997, 0.084, and 0.0165961,
respectively. Therefore, the minimum and maximum need
to be decremented and incremented by such quantities,
which is applied to the first and last class intervals of Tables
II-1V. Tables II-IV show values of Ex, Ey, and RMSE for

Table VI. Normal distribution table (m).

Ex y RMSE
Normal Prob Prob *N Normal Prob Prob *N Normal Prob Prob *N
0.0175194 10.301423 0.0070188 4.2393595 1.322 x 10~ 7.934 % 100
0.0466403 27.42452 0.0265094 16.011692 1.156 x 1072 6.937 x 10710
0.0966317 56.819432 0.0717146 43.315631 0.8830914 529.85485
0.1558244 91.624744 0.145009 87.585409 0.1169086 70.145151
0.1955859 115.00453 0.2101133 126.90842 0 0
0.1910908 112.36138 0.2212894 133.65882 0 0
0.145325 85.451116 0.1694037 102.31984 0 0
0.0860247 50.582528 0.0942555 56.930311 0 0
0.039633 23.30422 0.0381101 23.018489 0 0
0.0142101 8.3555568 0.0111948 6.7616496 0 0
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Figure 15. Bar diagrams and normal distribution of Ex.
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g

Figure 16. Bar diagrams and normal distribution of Ey.
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Figure 17. Bar diagrams and normal distribution of RMSE.

each class interval. MinS represents the minimum value of
error for each interval, MaxS represents the maximum value
of error for each interval, MeanS represents the mean value
of error for each interval, and FrecS represents the number
of control points, whose positional accuracy error is within
the class interval. From data in Tables II-IV, mean and
standard deviations were obtained, as shown in Table V, and
normal distribution as shown in Table VI.

Normal plot analyses for each error variable Ex, Ey,
and RMSE are represented in Figures 15-17, respectively.
In these figures, the horizontal axis represents the mean
error value of each class interval, and the vertical axis the
number of control points whose positional accuracy error
is within the class interval. The lines in the figures graph
normal distribution of Prob*N in Table VI. The bar in the
figures graph FrecS and MeanS$ in Tables I-IV, respectively.
From these figures, it can be deduced that more than 90%
of values for Ex, Ey, and RMSE are less than 2.5 m. All the
results of this analysis were incorporated into the ortho-
photo geometric control metadata.

CONCLUSION

This article describes a systematic approach for interfacing
with Google Maps’ computing infrastructure, which ena-
bles the publication of large raster datasets within Google
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Maps. The article also describes a methodology for evaluat-
ing the geometric accuracy of raster data. In this study, 1-m
pixel resolution maps are used. Higher resolution maps can
be used with the aim of creating a portal with better quality
maps. A methodology for evaluating the geometric accu-
racy of the orthophotos’ quadtree structure based on the
NSSDA standard is presented. The method uses geodetic
stations as an independent source of higher accuracy to test
the positional accuracy of maps. It is shown that using 0.15
meter per pixel orthophotos, the proposed quadtree struc-
ture representation achieves an error of less than 2.5 m in
more than 90% of control points.
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