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ABSTRACT

In this paper, the combination of quadtree and block encoding compression approach is proposed for lossless
compression of raster maps. This application is implemented on the mobile phone. Firstly, this approach iteratively
split the raster map into quarter sections and the quadtree structure will construct. To index the spatial data, quadtree
uses Morton encoding method. This approach defined a limit of leaf level of quadtree. When the splitting is reach to
the limit level, each leaf nodes use the block encoding approach.
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I. INTRODUCTION

With the growth of using portable devices such as
mobile phones, using maps in the phones are become
popular. The maps are useful to know the current
locations of the user who want to know their location
from their devices when connecting the Internet. The
original sizes of the maps are very extreme large. So, the
transfer time of the map on the phone need to be
effective and the transfer map’s size also need to be
compress. Raster maps which one the data type of
Geographical Information System (GIS) are based on
the pixels of grid cell. One pixel can be a very
importance place of earth. So, at the time of compress
the maps need to be lossless. It is very important. When
some pixels are lost at the compress time, the
information on the map will also be missed information.
Therefore, lossless compressions of raster maps are
essential. When compressing the maps, many lossless
compression techniques can use.

A raster map is an image generated from a vector
representation of a map. A raster map is comparatively
data-redundant, but has a simple data structure, and can
be easily visualized. Currently, vector maps and raster
maps usually coexist in the navigation systems. In fact,
main commercial navigation systems, e.g., Google Map
and Baidu Map, provide only raster maps to the clients
and thus protect their vector data from running into their
competitors. When transmitting a raster map over the

wireless network, the data size is expected to be the
smaller the better [1].

Technically speaking a raster image is a two-
dimensional rectangular matrix of individual pixels.
Each pixel corresponds (directly or indirectly) to some
well defined color. And colors are defined as RGB
values, i.e. as a triplet of values indicating the Red,
Green and Blue relative intensity. Most usually an 8-bit
color depth is used, and so a O value corresponds to
“completely off”, i.e. black, and 255 to “completely on”,
i.e. pure red or pure green or pure blue. Any real color
can be encoded using an appropriate RGB value: an 8-
bit color depth allows RGB to represent 16,777,216
different colors, i.e. the so called true color commonly
used by digital cameras, screens, color printers and other
well known digital imagery equipments. This is also
known as the RGB color space (commonly used on
color digital photography): each pixel requires 3 bytes,
i.e. 24 bits to be represented into this color space [11].
With the development of GIS technology, the
compression techniques of image data are very
important. Raster image data are heavy size. So, it needs
to compress. Large amounts of data can create enormous
problems in storage space and transmission time. The
main reasons of data compression could be summarized
as: 1) multimedia data have large data volume and 2)
difficulty sending real-time uncompressed data over
current network.
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Compression data principle is to eliminate data
redundancy and try to find a code with less data volume.
All image compression techniques try to get rid of the
inherent redundancy, which may be spatial (heighboring
similarity or equal pixels), spectral (pixels in different
spectral bands in a color image) or temporal (correlated
images in a sequence, e.g. television) [2].

Two compression techniques are mostly used: Lossless and
Lossy compression. A lossless compression algorithm
eliminates only redundant information, so that one can
recover the data exactly upon decompression of the file.
Lossless data compression is compression without any
loss of data quality. The decompressed file is an exact
replica of the original one. Lossless compression is used
when it is important that the original and the
decompressed data be identical. It is done by re-writing
the data in a more space efficient way, removing all
kinds of repetitions (compression ratio 2:1) [3].

Quadtree is a class of hierarchical data structures which
contains two types of nodes: non-leaf node and leaf node,
or you can call them internal node and external node.
Owing to its "Divide and Conqguer" strategy, it is most
often used to partition a two dimensional space by
recursively subdividing it into four quadrants or regions
[4]. A quadtree compression of a bi-level image is based
on the principle of image compression which states; if
we select a pixel in the image at random, there is a good
chance that its immediate neighbors will have the same
or similar color. The quadtree method scans the bitmap,
area by area, looking for areas composed of identical
pixels (uniform areas) [5].

Block encoding is a little like a two-dimensional version
of run-length encoding in which the array is defined as a
series of square blocks of the large size possible.
Recursively, the array is divided using blocks of smaller
and smaller size. It is sometimes described as a quadtree
data structure [6].

Quadtree compression technique is very popular and
guadtree has very effective segmentation result. After
segmenting the raster image by using quadtree method,
it will get the blocks of map. These blocks may be
compress by using block encoding compression method.
Block encoding method is working pixel by pixel. So, it
will get lossless image when decompress. Block
encoding compression technique has good compression

ratio but long processing time. Quadtree compression
technique has less processing time but poor compression
ratio. So, by doing hybrid of these two compression
techniques, the proposed system will get good
compression ratio, effective processing time and lossless
raster map that identical with original map.

The organization of this document is as follows. In
Section 2 describes the proposed raster map lossless
compression approach in details. In Section 3 presents
the experimental results and in Section 4 concludes our
work.

II. METHODS AND MATERIAL

A. System Design Overview

Raster Map

'

Segmentation by Quadtree

Blocks’ size =
8x8

Compress by Block Encoding

Compress file

v

Decompress

Identical Raster
Map

Figure 1: System Overview Design
In this system, the input data may be raster map. And
then, the compression operation is start. In order to
obtain the initial segmentation results of the image, the
image will first iteratively split into quarter sections and
the quadtree structure will construct. A spatial indexing
structure will built using improved Morton encoding
based on this structure, which provides the merging
process with data structure for neighborhood queries. In
quadtree structure, the image’s size of width and height
must be the same length. It will divide the image until it
reaches the size of 8 by 8 pixels in leaf node. At the time
of the image is reached the limit of size, the block
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encoding method will be use for each block. The block-
encoding method has neighbouring boundary pixel
problem and the quadtree coding method has multi-tree
level problem. By embedding block-encoding method in
guadtree coding method, we will solve these problems,
effective the processing time and get high accuracy
images results. In next step, it saves the compress image
file. And then decompress the image file and show the
image like originally.

B. Quadtree Compression Approache for the System

In general, our quadtree method has two major steps:
segmentation step and a bottom-up color pixel region
merging step. In the segmentation step, a quadtree initial
segmentation is performed first, providing the color
pixel merging process with basic color elements. In this
step, we also conduct a spatial indexing creation and
color pixel calculation, in order to provide color values
and neighborhood information. In the second step, we
use color table to express the relationship between color
pixels. In color table, regions are represented by nodes.
Region merging is performed between the most similar
and adjacent color pixels. Region merging will stop until
the last layer is minimum block size 8. After the
merging process, the final segmentation result is
obtained. Figure 2 shows the procedure of our quadtree
compression method.

Original Raster Map

Quadtree Segmentation

Quadtree Segments
(Initial Regions)

|

Color Pixel Calculation

Pixels with Colors

<Compressi£n Result by>
Quadtree
Figure 2: Quadtree Processes of the System
1) Quadtree Segmentation: The entire image is treated
as quadtree root, and then the iterative quadtree
segmentation is conducted for each sub-region until

|

Spatial Indexing Creation

Pixel Neighborhood
Relationship

all regions have satisfied the given criterion threshold.

Quadtree segmentation splits images into four parts
of the same size. However, for the image with a large
length-width ratio (e.g., image strip along an imaging
orbit), this method will produce narrow strip initial
segments. So, before the segmentation, we will judge
the image length-width ratio. According to
experience, we use ‘0’ as the length-width ratio
threshold. When the ratio is larger than “0’, the image
will be cut along the longer edge direction, in order to
make the length-width ratio for each slide less than 0.
Then, we perform quadtree segmentation on each
image slide independently, evading narrow strip
segmentation. The following study focuses on images
with a length-width ratio of less than ‘0’.

2) Color Pixel Calculation: First of all, we measure the
color data, values of x and y, and width and height of
the image.

3) Spatial Indexing Based on Improved Morton Coding:
Region merging is performed between neighbouring
nodes. Because segments generated from quadtree
segmentation have different sizes, it is difficult to
perform a quadtree neighbourhood searching between
segments. Direct node traversal requires a great
computation. Hence, an indexing mechanism for
efficient neighbourhood searching needs to be
constructed. We use Morton coding [8, 9] as our
basic method, and improve its efficiency, in order to
make it more effective when applied to huge image
segmentation.

Morton coding assumes that the code of the root node
(represents the whole image) is 0. For each of the inner
nodes encoding as i(i > 0). Codes of its 4 children are 4i
+ k (k = 1,2,3,4). Through this coding mechanism, the
layer index of node i can be obtained by [log4(3i + 1)] (i
> 0) and its parent code can be obtained by [(i — 1)/4] (i >
0). Figure 3 is an example of quadtree segmentation and
its Morton coding.

@ (b)
Figure 3: Quadtree segmentation and Morton coding (a) Image quadtree
segmentation; (b) Corresponding quadtree with Morton coding.
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Coding each cell in the uniform grid by using Morton
code M;; = M';; + Yi=h 4, where n > 0 is the total
layer of the quadtree. M;; is the binary interleave
coding of row index i and column index j, in the
decimal representation. Take location at row 3 and
column 2 as an example. Binary expressions of row and
column are, 3 = 0011 and 2 = 0010, respectively. So, the
binary interleave is 00001110, and its decimal value is
14. Therefore, its Morton code is 14 + Y:524¢ = 19,
See the right schematic in Figure 3(b) for detail of
constructing binary interleaves.

0=0000 1=0001 2=0010 3=0011

0=0000| 5 6 9 10
3=0011
1=0001 | 7 8 11 12 v v
M3,2200001110+5=19
4 4 4 &
2=0010 | 13 14 17 18 2=0010
3=0011 | 15 16 19 20
(b)

Figure 4: Complete uniform grid and the Morton coding of the
example shown in Figure 4. (a) Tree structure of the example shown
in Figure 4 and (b) the corresponding uniform grid and Morton
coding.

C. Block Encoding Methodology of the System

In block encoding method of this system, the input data
is from 8x8 pixel raster map of quadtree segmenting
compression result. In our block encoding method
consists of two parts, namely flag encoding and block
data encoding. Flag encoding records the location and
color information of the block targets, and block data
encoding records get block data and their boundary
information. The general procedure of block encoding
method for this system is show in the following Figure.

[ 8x8 Pixel Raster Map ]

Raster Map Decomposition

l

4‘ Block Map ji
Calculate Color Data of Calculate Block Size
Block

[ Compression Result of]
Block Encoding
Figure 5: Block Encoding Process of the System

1) Decomposing Raster Map In raster map
decomposition, first of all, we divide the 8x8 raster
map into four pieces of 2x2 square blocks.

2) Flag Encoding: Since pixels in one separate block
share the same RGB value, flag encoding achieves
the color encoding of the entire block by recording a
representative pixel within the block. Since the
representative pixel can be any pixel in the block, we
get it from a random selection. Figure 5 shows the
codeword structure of flag encoding, where the
first(row + col) bits record the coordinates of the
representative pixel and the next 24 bits record the
color.The problem remained is to decide the value of
i and j. Suppose the size of the raster map is X x Y,
the horizontal and vertical coordinates of any pixel
can be stored by row bits and col bits, where row and
col are constraint by Eq. (3).

Zrow—l <X< Zrow
2col—1 <Y< 2col

(row+col) ‘ 8 ‘ 8 ‘ 8

Coordinates (X,Y)

Value in the band R

Value in the band B

[]
|
D Value in the band G
H

Note: The unit is bit.

Figure 6: The Flag Encoding Codeword Structure

In order to introduce block encoding process in details,
we take Figure as an example. According to the
definition of block targets, there are four different block
targets in Figure, marked as I, Il, Il and IV. The
location and color information of block 1 could refer to
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the point M. The coordinates of M are (3, 3) and the
color is RGB(255,255,0). Therefore, the flag encoding
of the block I is as follows:

0. 011 0...... 011 1111 1111 1111 1111 0000 0000
col bit 8 bit 8 bit 8 bit

row hit

These data results of row, column and color values are
use in the color matrix.
(@] » X

Figure 7: A Block Encoding Example

3) Block Data Encoding: In block data encoding, we do
two steps. First step is getting the block data and
second step is calculating the block size. In get block
data, we get the same color block size from calculate
block size. Block data will get xXNode + row, yNode
+ clm and same color block size. In calculate
block size, we calculating the pixel value with pixel
by pixel based row order by intending the lossless. So,
we use the idea of row by row raster scan order. In
this calculation, the main intended area is first row
and first column of block and last row and last
column of image. Because we need to know the
beginning of block that remark as a start region of
block, and we need to know the end of the image that
to stop the indexing.

D. Combination of Quadtree and Block Encoding

At this step, the output result map of the quadtree will be
the input map of the block encoding method. Early, we
considered to compress the image by using block
encoding and then we will use the quadtree. But, block
encoding has boundary tree problem and block encoding
is indexing the image pixel by pixel. So, compressing
time is long. Its data structure is likely quadtree data
structure. And, quadtree segmentation is time effective
and morton spatial indexing structure is also the effect
for quadtree. So, we divide the image using the quadtree
first of all. The problem of quadtree is layering level

node problem. When nodes are overloading, searching
to root is difficult. So, in level detail step of quadtree, we
use block encoding. At the time of combing these two
methods, we considered to use histogram first. But,
histogram measuring can’t get pixel color detail. So we
define the minimum block size as 8x8. By defining these
minimum block size, we can reduce the quadtree levels
and indexing pixel by pixel time of block encoding can
effective. Moreover, we can produce the output lossless
raster map that identical with the original map.

III. RESULTS AND DISCUSSION

A. a Dataset

A collection of 65 raster-map images [1, 10] has been
collected in this study. Each image is originally
generated from a vector representation of a map. All
images in the dataset share the size of 1024x1024,
800x800, and are stored in BMP format with 24- bits
true color. Ten maps of them are shown in Figure 9.

B. Overall Performance

To evaluate the performance of the proposed system, we
compute the compression ratios for the 69 images in the
dataset by using following equation [5].

size of the output stream

Compression Ratio = — -
size of the input stream

We calculate the compression ratio of one image from
Map Set #1 by choosing randomly. In this image,
original size is 1024 x 1024 pixel size bitmap file.
Original file size is 3MB. The output file size after
compressing is 1.3MB. When calculating the
compression ratio, the compression ratio output is 0.4.
And, it is calculating by using this equation 100 x (1-
compression ratio) for a reasonable measure of
compression  performance. When inserting the
compression ratio into the equation, 100 x (1 — 0.4) =
60 it get the output result is 60. A value of 60 means that
the output stream occupies 40% of its original size (or
that the compression has resulted in savings of 60%). In
this system time is not effective as much as run in the
computer. Because this system is run on the phone that
has the OS version is v4.4.2 (KitKat), Chipset is
Qualcomm MSM8226 Snapdragon 400, CPU is Quad-
core 1.2 GHz Cortex-A7, GPU is Adreno 305, internal
memory storage is 8 GB and RAM is 1.5 GB.
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Figure 8: The Chart of 10 images

Figure 9: The randomly 10 maps. Column 1 original map, column 2

quadtree map, column 3 block encoding map

IV. CONCLUSION

The compression of image is save the storage space and
it is effective the sending data over current network. The
proposed system uses block encoding method and
guadtree method. This proposed system will more
suitable and more compress than other compression idea.
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