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Abstract: In order to resolve the conflict between the limited
resources of embedded devices and the growing amount of
massive image data to be shown, a solution for fast images
rendering in embedded devices is proposed and implemented.
First, an improved algorithm of a multi-resolution tile-pyramid
construction which is used for the organization of massive image
data is presented. Then, a strategy, adopting technologies such
as view-dependent levels of detail, target-tiles quick search and
tiles seamless connection, is presented for fast scheduling and
viewing of images. The results show that compared with the
solution of multi-scale image representations based on wavelet,
the proposed solution can improve the rendering speed, and the
rendering speed does not depend on the image size, though it
increases some data storage space. And the proposed solution is
suitable for embedded devices because it can provide real-time
and friendly interaction as well as more efficient user
experience.
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emote sensing images are characterized by wide cover-
R age, wide perspective and multi-resolution ( spectrum
and space)'"’. Recently, they have become one of the main
sources of spatial information, and are more and more wide-
ly used for land survey and resource management”. With
the development of surveying and mapping technology, a
large amount of geographical data is exponentially grow-
ing"'. However, when analyzing, processing and viewing
data, it is usually not suitable to load the whole image into
memory. The reason is that the memory size both in com-
puter and embedded devices is limited. Hence, it is of sig-
nificance to study techniques to use the limited resources of
embedded devices to process, query and view images'" .

So far, many research works have been reported on fast
real-time visualization of massive images” > . However,
most existing solutions have the following limitations: 1)
They are mainly used for personal computers (PCs), and
are not specially designed for embedded devices; 2) Tradi-
tional wavelet transform techniques include zerotrees of
wavelet coefficients, discrete wavelet transform, integer
wavelet transform, line-based wavelet transform and so on;
some solutions based on these wavelet transform need to
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construct complex wavelet bases and wavelet functions, so
they are not widely used'®. Enhanced compressed wavelet
(ECW), a patented technology, avoids these disadvanta-
ges'” and can be applied to fast viewing for images in em-
bedded devices; but if the image size is greater than 500
MB, a license is needed to buy to compress this image.
Moreover, when roaming large-scale images, the image dis-
play may overlap or become a dark strip, and sometimes an
obvious stop may appear .

Still, several technologies for rapid rendering of large-
scale images on personal digital assistants (PDA) were pro-
posed in Refs. [7 —9]. In Ref. [7], the file-based approach
was used for data organization and management, and all the
tiles data were stored into a series of files. A new image da-
ta model was proposed to combine the tile-pyramid with the
quad-tree index in Ref. [8]. Zhang et al. P! used the GDAL
open source library to create a pyramid file, which increased
data storage space.

In this paper, a practical solution to realize fast schedu-
ling and viewing of RS images in embedded devices is pro-
posed. Compared with the previously proposed technolo-
gies, it has some key differences. First, all the tile data are
stored into a multi-file. Secondly, our scheduling strategy is
simple, and does not use the complex quad-tree index. Fi-
nally, the additional data storage space size in this paper is
smaller than that in Ref. [9]. Compared with the ECW so-
Iution, the proposed solution can improve image rendering
speed, even though it increases some data storage space.
The image rendering speed does not depend on the original
image size. So it is suitable for embedded devices.

1 Tile-Pyramid Model

1.1 Tile-pyramid model and tile parameters

The tile-pyramid model, also called the hierarchy mod-
el"”, supporting multi-resolution functions''"!, has been
widely used to organize RS images''”'. Fig. 1 shows a tile-
pyramid model of four levels. Each level in the tile-pyramid
corresponds to a different resolution. From the bottom to the
top level, the image resolution becomes lower and the quan-
tity of the data becomes smaller. Visually, tiles of one spe-
cific resolution level are equal-sized (see Fig.1).

Generally, the tile size is chosen as 2" x2", where n can
be any integer greater than 1. And the tile size should also
be chosen appropriately'” . If it is too large, loading redun-
dant data may reduce image rendering speed; while if it is
too small, too many I/O operations may also reduce image
rendering efficiency. As long as the tile size is larger than
the size of the display area, even in the worst case, it usual-
ly only needs to load four pieces of tiles. That means all the
required data can be obtained using four times the file point-
er positioning and data reading operations. The screen reso-
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Iution of the PDA we use is 240 x 320 pixel, and the size of
its display area is 217 x 249 pixel. Therefore, the tile size
we define is 256 x 256 pixel. The tile-splitting procedure
starts from the left-top corner of the image, then from left to
right and top to bottom.

Level 3

Level 2

Level 1

Fig.1 Four-level tile-pyramid

1.2 Improved algorithm of tile-pyramid construction

The traditional tile-pyramid construction algorithm in-
cludes two main steps''*’: 1) Create temporary image files
for image data of every level by re-sampling; 2) Perform
the tile-splitting algorithm on temporary image files and save
all the tile data into a series of files. Its main disadvantage
is that it carries out too many I/O operations, which can re-
duce the efficiency of the algorithm.

Unlike the traditional tile-pyramid construction algorithm,
the main advantages of our algorithm are: 1) Only perform
the required 1/O operations, including loading the original
image and saving all the tile data into a multi-file; 2) Fully
make use of computer memory from the perspective of soft-
ware processing. The latter means that the memory occupied
by the previous level should be released after obtaining data
of the current level by re-sampling; then we perform the
tile-splitting algorithm on the current level. Thus, the oper-
ating efficiency of the program and its ability to process
original image data can be improved. As shown in Fig. 2,
the procedure of tile-pyramid construction is described as
follows:

1) Define the total number of levels of the tile-pyramid as
N according to the original image size;

2) Assume that & is the current level, and initialize k with
—1;

3) Load the original image data as the Oth level data, and
k=0;

4) Perform the tile-splitting algorithm on the k-th level,
and save the tile data;

5) Perform the resampling algorithm on the k-th level to
obtain the upper-level data block, and then k =k +1;

6) Perform the tile-splitting algorithm on the new data
block, and save the tile data;

7) If k is not equal to (N —1), go to step 5), until tile-
pyramid construction is accomplished.

The implementation process of the tile-splitting algorithm
mentioned above is described as follows:

1) Input parameters include poDataBlock, GT[6], W, H

Load original image data

Perform tile-splitting algorithm,
and save tile data

!

Resampling

¢

Get new data block of upperlevel

Perform tile-splitting algorithm
on new data block,and save tile
data

No Complete tile-pyramid
construction?

Yes

End

Fig.2 Flowchart of constructing tile-pyramid

and k; while poDataBlock is the data block of the k-th lev-
el; GT[6] represents the affine geo-referenced conversion
parameters of the k-th level, which are used for coordinate
transformation between pixel coordinates and geographic co-
ordinates; W and H are the width and height of poData-
Block, respectively (unit: pixel); k represents the level of
the pyramid.

2) Assume that the tile size is W, X H,;

3) According to W and H, the size M, x N, of the k-th
tile matrix can be calculated as follows:

Mk{H"lJH, Nk:{W_1J+1 (1)

where | | represents round down.

4) If W is not a multiple of W, the right border of the
image should be padded with a default value. Similarly, if
H is not a multiple of H,, the bottom border of the image
should also be padded with a default value.

5) For each tile, initialize the size of the tile data block
with W, and H;;

6) Extract the contents of the tile data block from the po-
DataBlock according to the tile size and the position of the
tile data block in its tile matrix;

7) Utilize GT[6] to calculate the affine geo-referenced
conversion parameters of the tile data block;

8) Save the tile data;

9) If the row number of this tile is not equal to (M, - 1),
or the column number of this tile is not equal to (N, - 1),
go to step 5), until the tile-splitting process of the current
level is accomplished.

2 Fast Scheduling and Viewing Strategy of RS Im-
ages

2.1 View-dependent LOD strategy

The principle of the view-dependent LOD strategy can be
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briefly described as follows: 1) Set a viewpoint and a spe-
cific visual scene on data expression; 2) Render the image
with an appropriate resolution data which should be within
the visual scope. The latter means that we render the image
with low resolution data when it is far from the viewpoint,
and with high resolution data when it is near the viewpoint.

2.2 Fast scheduling and viewing strategy

After accomplishing the organization of the image data
based on the tile-pyramid, a reasonable strategy for fast im-
age rendering needs to be studied. In this paper, the re-
quired data for rendering can be obtained in terms of a query
operation which is related to two parameters, namely, a
given query area and resolution. The query area and resolu-
tion can be expressed as (x,, y,, X,, ¥,, ), where (x,, y,)
and (x,, y,) are upper-left and lower-right screen coordi-
nates, respectively (unit: pixel), and r is the view resolu-
tion. The fast scheduling and viewing strategy has two main
procedures: 1) Search and find the optimal level from tile-
pyramid; 2) Search and find the optimal target-tiles. During
the latter procedure, we do not compare the query area with
the minimum boundary rectangle ( MBR) of each tile.
Thus, it accelerates the query speed.

Tiles at every level can be used to form an M x N matrix.
(M,, M) represents the tile position in its matrix, where
M, and M_ are the row number and the column number, re-
spectively. All the tile data are stored into a multi-file.

(x, y) is a pixel point of the image at a level, and its tile
position (M,, M_) in the matrix can be calculated as fol-
lows:

M, :{gJ M, {W’;J (2)

The pixel coordinate (x, y) of its upper-left point can be
calculated as

x =M xW, y=M xH, (3)

Assume that (x,;,, ¥...) 1S the upper-left coordinate of the
original image under the geographic coordinate system, and
the procedure of the fast scheduling and viewing strategy is
described as follows:

1) According to the current view resolution r, the modi-
fied dichotomy algorithm is utilized to quickly locate the op-
timal view level of the tile-pyramid, and the optimal level is
assumed to be i.

2) Calculate the affine geo-referenced conversion parame-
ters of the i-th level.

3) Assume that (x_,y,) is a point on the screen and calcu-
late its geographic location (x,, y,). Then the position (M,,
M) of its tile in the matrix can be calculated as follows:

V- Yuax = Ve v o= Xp = X 4
' _\‘fabs(GT[S])HT ’ © {fabs(GT[l])WT 4

And T,(M,, M) of the upper-left point P, (x,, y,) and
T,(M,,M_,) of the lower-right point P, (x,, y,) on the
screen can be obtained.

4) Based on i, M,, M,, M,and M,, the target-tiles

cl?

which intersect with the screen scope can be determined.

5) In order to realize tile seamless connection, each tar-
get-tile’s MBR is used to determine its display area on the
screen through coordinate conversion; then the data of each
target-tile are read and the double buffering mechanism of
off-screen bitmap technology is used to quickly render ima-
ges. Fig.3 and Fig. 4 are the interface effects of the image
display at two different levels.

I =iy & TR A% N

Fig.3 The 4th level image display

Fig.4 The Oth level image display

3 Experimental Results and Discussion

In our experiments, commercial PDA G738L is selected
as the hardware platform, and its basic configuration is de-
scribed as follows: Windows Mobile 5. 0 operation system;
240 x 320 pixel resolution; Intel Xscale processors 520
MHz; 64 MB SDRAM, 320 MB Flash, and built-in SD
card slot. Visual Studio 2005 is chosen as the embedded de-
veloping tool. The version of ECW SDK used is 3.3, and
its paging mechanism is enabled.

Considering the limited performance of PDA, the tile-
pyramid is constructed on PC and then the preprocessed data
is copied to the SD card.

To evaluate the performance of the proposed solution,
two sets of experiments are done to test memory consumed
by the program and average time cost of rendering images
when roaming images. When the program is running with-
out importing image data, the memory consumed is 1. 01
MB.

Experiment 1  Comparing our solution with the ECW
solution of the ERDAS company, the memory consumed by
the program is tested under different sizes of images when
roaming images. Before testing, original images ( GeoTIFF
format) need to be preprocessed as follows:

1) Perform our tile-pyramid construction algorithm on the
original images.
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2) Use SuperMap Deskpro software to compress original
images into ECW files. The preprocessed image size is
shown in Tab. 1. And the experimental results are shown in
Fig.5, where M represents memory consumed.

Tab.1 Image size

Preprocessed image size/MB
ECW solution

Original image size/MB -
Our solution

41.8 1.54 65.1
107.0 3.48 153.0
178.0 5.50 253.0
249.0 6.09 349.0
273.0 6.33 376.0
439.0 7.06 510.0
1.32
1.16 1 —<—— Qur solution
——o6—— ECW solution
1.00
0.84
g @/@/9_—_@/9,/0
0.68
N
3
200.52
0.36 |
0.20
0.04 | 1 1 1 i 1 | 1 ]
0 50 100 150 200 250 300 350 400 45
Original image / MB
(a)
1.32 1
116 O/e——e——e/@we
1.00 -
0.84
——— Our solution
g 0.68 - ——o6— ECW solution
N
S 0.52 +
20
0.36
0.20 |
0.04 | L |

1 1 1 1 1 1
0 50 100 150 200 250 300 350 400 450
Original image /MB
(b)

Fig.5 Memory consumed. (a) Minimum memory consumed;
(b) Maximum memory consumed

Experiment 2 Comparing our solution with the ECW
solution, the average time cost of rendering images is tested
under different sizes of images when roaming images. And
the experimental results are shown in Fig. 6.

From the test results in Fig. 5, we can see that memory
consumed in our solution is smaller than that in the ECW
solution; and the memory consumed in our solution is near-
ly the same under different sizes of images. The reason is
that the image is tiled, and no more than four tiles will be
loaded and rendered. From the test results in Fig. 6, we can
see that the rendering speed is improved in our solution.

Compared with the ECW, our solution has the following
advantages:

1) The ECW solution based on the wavelet technology re-
quires smaller data storage space, which can improve the ef-

ficiency of data access from the external memory. But it
needs to decompress data, which makes its rendering speed
slower. An obvious stop even appears when rendering large-
scale image.

5.5T
5.0

4.5
4.0

3.5

——a—— Our solution
——<— ECW solution

T

3.0

Average time cost/s

2.5

T

2.0F

Vs A A A A

1.5 1 1 1 1 1 1 1 1 ]
0 50 100 150 200 250 300 350 400 450

Original image size / MB

Fig.6 Average time cost of rendering image

2) The image data is not stored in a compressed format in
our solution, so our solution increases some data storage
space (see Tab. 1). But, currently, the PDA can support
the SD card with at least a 2 GB storage capacity, so it can
be used to store the data of one district, which meets the re-
quirements of the land survey.

3) Our solution reduces the quantity of data access and
does not need to decompress data; therefore, it improves
the rendering speed. Furthermore, the rendering speed does
not depend on the image size (see Fig.6).

4) The image can be viewed smoothly when roaming im-
ages in different ways, such as switching browsing between
adjacent levels, skipping browsing, or continuous browsing
within one level.

4 Conclusion

In this paper, a solution for fast scheduling and viewing
of RS images in embedded devices is proposed. The experi-
mental results prove that this solution is efficient. Compared
with the ECW solution, despite the need for more data stor-
age space, the proposed solution has better results in image
rendering and memory consumption, and, furthermore, its
rendering speed does not depend on the image size. It can
be concluded that this solution is suitable for embedded de-
vices because it can provide real-time and friendly interac-
tion as well as more efficient user experience.

In most cases our solution can meet the demands of the
land survey, but the disadvantage of the proposed solution is
that the size of the preprocessed image file cannot be more
than 4 GB. Because the file system of the SD card is of
FAT32 format, the size of one file cannot be more than 4
GB. Further studies will solve this problem.
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