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Abstract 
Digital Signal Processing in recent times is used to 
produce and process a large number of images. These 
require a large amount of space to be stored. Hence, 
image compression techniques are in high demand to 
reduce the amount of space taken up by images. The 
basis for image compression is to remove redundant or 
unimportant data. Of particular interest are the lossless 
image compression techniques that retain the original 
information in compact form and do not introduce any 
errors when the image files are decompressed. In this 
paper, we discuss such a lossless technique using a data 
structure that we name “Peano Pattern Mask Tree”. It 
is an improvement over a previously discussed Lossless 
Image compression technique that uses the data struc-
ture – Peano Mask Tree. 
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I. INTRODUCTION 
Image compression is important for many applications 
that involve data storage transmission and retrieval such 
as for multimedia, Internet teleconference, documents, 
medical imaging etc [1],[2]. The objective of image 
compression is to reduce redundancy of the image data 
in order to be able to store or transmit data in an effi-
cient form. This results in the reduction of file size and 
allows more images to be stored in a given amount of 
disk or memory space. 
General-purpose compression programs can be used to 
compress images, but the result is less than optimal. 
This is because images have certain statistical properties 
that can be exploited by algorithms designed to manipu-
late these features. These features include different 
types of redundancy; the difference between the shortest 
way one could convey a piece of information (i.e., the 
information content itself) and the data used to represent 
it. Two such types of redundancy are Coding Redun-
dancy and Inter-pixel Redundancy. Coding Redundancy 
occurs when data used to represent an image are not 
utilized in an optimal manner. Inter-pixel Redundancy 
relates to the fact that adjacent pixel values tend to be 
highly correlated.  

II. DIFFERENT TYPES OF IMAGE 
COMPRESSION  

P There are basically two types of Image Compression 
methods: Lossy and Lossless [3]. Lossy compression 
involves the loss of some information. Lossy schemes 
are capable of achieving much higher compression at 
the cost of accuracy. When the information from the 
compressed data using lossy technique is reconstructed, 
it introduces compression artifacts. In lossless compres-
sion schemes, the reconstructed image, after compres-
sion, is numerically identical to the original image. A 
perfect reproduction of the original image can be 
achieved using it. It is the preferred method for high 
value content such as medical images, legal papers or 
image scans made for archival purposes where any sort 
of degradation cannot be tolerated.  
Our proposed technique discusses a variation of a P-
Tree that is a quadrant-based lossless tree representation 
of the original spatial data. 

III. INTRODUCTION TO PEANO TREES 

A. The Peano Count Tree1  
P-trees are a lossless, compressed, and data-mining-
ready data structure. This data structure has been suc-
cessfully applied in data mining applications ranging 
from Classification and Clustering with K-Nearest -
Neighbor, to Classification with Decision Tree Induc-
tion, to Association Rule Mining [4]-[7].  
The Peano Count Tree (P-tree) is a quadrant-based loss-
less tree representation of the original spatial data 
[8],[9]. The general concepts of P-trees are to recur-
sively divide the entire spatial data into quadrants and 
record the count of 1-bits for each quadrant, thus form-
ing a quadrant count tree. Using P-tree structure, all the 
count information can be calculated quickly. This facili-
tates efficient ways for data mining.  

For example, a P-Tree for the given 8 x 8 image of 
single bits is explained below. 

 

                                                                 
1 Patents are pending for Peano Count Tree (P-tree) 



01101111
01111111
11111111
11111111
01011100
01011100
01010000
0101  0000

01101111
01111111
11111111
11111111
01011100
01011100
01010000
0101  0000

 
Fig. 1  8-bit by 8-bit image. 
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1 1 0 1 1 0 1 0  
Fig. 2 P-Tree for data in Fig. 1. 

 
In this example, 41 is the number of 1’s in the entire 
image. This root level is labeled level 0. The numbers 4, 
8, 16, and 13 found at the next level (level 1) are the 1-
bit counts for the four major quadrants in raster order, 
or Z order (upper left, upper right, lower left, and lower 
right). This process of storing the count of the number 
of ones for each of the major quadrants is repeated. 
When quadrants are composed entirely of 1-bits (called 
pure-1 quadrants), sub-trees are not needed, and these 
branches terminate. Similarly, quadrants composed en-
tirely of 0-bits are called pure-0 quadrants, which also 
cause termination. This pattern is continued recursively 
using the Peano, or Z-ordering (recursive raster order-
ing), of the four sub-quadrants at each new level. Even-
tually, every branch terminates (since, at the “leaf” 
level, all quadrants are pure). 
The P-tree structure can be viewed as a data-mining-
ready structure as it facilitates efficient ways for data 
mining. P-trees have the following features: 
• P-trees contain 1-count for every quadrant of every 

dimension. 
• The P-tree for any sub-quadrant at any level is sim-

ply the sub-tree rooted at that sub-quadrant. 
• A P-tree leaf sequence (depth-first) is a partial run 

length compressed version of the original bit-band. 
• Basic P-trees can be combined to reproduce the 

original data (P-trees are lossless representations). 
• P-trees can be partially combined to produce upper 

and lower bounds on all quadrant counts. 
• P-trees can be used to smooth data by bottom-up 

quadrant purification (bottom-up replacement of 
mixed counts with their closest pure counts). 

 

B. The Peano Mask Tree  
A variation of the P-tree data structure, the Peano Mask 
Tree (PM-tree), is a similar structure in which masks, 
rather than counts, are used. In a PM-tree, we use three-
value logic to represent pure-1, pure-0, and mixed quad-
rants. (A 1 denotes pure-1; 0 denotes pure-0; and m 
denotes mixed.) The PM-tree for the previous example 
is also given in Figure 3. We can easily construct the 
original P-tree from its PM-tree by calculating the 
counts from the leaves to the root in a bottom-up fash-
ion. A PM-tree is just an alternative implementation for 
a Peano Count tree [1]. 
 

M
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1 0 1 01 0 1 0 1 0 1 0 1 0 1 0

1 1 M M

1 1 0 1 1 0 1 0 
Fig. 3 PM Tree for data in Fig. 1. 

C. Opportunities Unexplored in PM Tree  
PM Tree was the data structure used for compression in 
the paper “Lossless Image Compression using P-tree”. 
It is obvious that this method works best when 
neighborhood pixels share the same bit values with high 
probability. This is usually the case in higher-order bits 
for pixels in image data. Neighboring lower order bits 
have different values due to precision difference. PM 
Tree does not provide good compression, if any at all, 
for them. This happens as quadrants that are more 
mixed are introduced and recursive definition of data 
quadrants goes on till pure-1 or pure-0 quadrants are 
one bit long. The above-mentioned paper thus chose to 
use only the higher four bits to construct the PM Tree. 
However in instances where these higher order bits lack 
a high degree of correlation a similar problem to the one 
just described might occur. 
PM Tree has three states; at least two bits are required 
to save the information for each node of the tree. Two 
bits are able to provide us with four combinations; 
hence, one combination remains unexploited in the PM 
Tree method. We intend to address the above-
mentioned lacking in this paper and hence propose a 
new data structure, The Peano Pattern Mask Tree. 

IV. THE PEANO PATTERN MASK TREE 
The Peano Pattern Mask Tree (PPM Tree) is another 
variation of the P Tree. It shares many features of the 
PM Tree and addresses some unexplored area of the PM 
Tree. However, instead of using three-value logic, the 
PPM Tree uses four-value logic. We name this fourth 
logic as P, for pattern. This pattern is not fixed like 
pure-1 or pure-0, but rather assumes dynamic values 



depending on the tree constructed. In fact, the pattern 
state is a special case of a mixed state.  
An example will help us better understand the method. 
To construct a PPM Tree for any data set, we first need 
to construct a PM Tree for the same data set. Once the 
PM Tree is created, we search through the leaf level 
quadrants to look for the most frequently occurring 
four-bit combination. In the example for PM Tree 
shown above, we see that “1010” is the most frequently 
occurring quadrant at the leaf level. We make this our 
Pattern and change the original PM Tree into the fol-
lowing: 

 
M

M M 1 M

0 0 0 1 P P P P 1 1 M P

1 1 0 1  
Fig. 4 First Stage of the PPM Tree for the PM Tree in Fig. 3 

During the next stage, we search the tree to check 
whether any of the M nodes have as its children four P 
nodes. If a node possesses this property, we call it a 
“Pattern Parent.” We notice that only M nodes can have 
this property. All M nodes having the Pattern Parent 
property are transformed into a P node and all children 
removed. This search is carried out in a bottom-up 
manner where nodes at the lowest levels are trans-
formed before any node at a higher level is transformed. 
As a result of this, we finally get the PPM Tree. 
It can be seen that this tree has fewer nodes than the 
corresponding PM Tree and hence will require lesser 
space when we store it, if space required for each node 
in both trees is the same. 
 

M

M P 1 M

0 0 0 1 1 1 M P

1 1 0 1  
Fig. 5 The final PPM Tree of data in Fig. 1 

It can also be noted that the “pattern” can be chosen 
dynamically, so that we can create the PPM tree with 
the fewest nodes. The breadth-first representation of the 
PPM tree above is: MMP1M000111MP1101.  

V. PROPOSED SCHEME 
Any image can be viewed as a two-dimensional array of 
pixels, with each pixel having various descriptive at-
tributes. A BMP image contains descriptive attributes of 

size three bytes, one each for Red, Blue and Green com-
ponents. Each of these color components can take an 
intensity value in the range from 0 to 255. Thus, BMP 
images require 24 bits per pixel. 
The nodes of a tree are stored in breadth-first order us-
ing the following encoding scheme: 
• For mixed quadrant, store binary value 10 
• For patterned quadrant, store binary value 01 
• For pure-1 quadrant, store binary value 11 
• For pure-2 quadrant, store binary value 00. 
Since two bits are required to store the nodes of both 
PM and PPM trees, for any set of data the PPM tree will 
require lesser space than the PM tree. 
Our initial compression scheme will deal with images 
that have size as exact powers of 2. Consider an n pixel 
image. In our proposed scheme, we first construct 24 n 
x n dimensional arrays using each of the 24 bits of each 
pixel. We then create a PPM tree for each of these ar-
rays. If storing the PPM tree for the corresponding data 
set from which it was generated requires lesser space, 
the tree is stored or else the original data set is stored in 
raw form. We require a header file to keep track of 
which sets are stored in raw or compressed form. The 
header file format is described below: 

Table I Proposed File Format 

 

1100111110011111110
0000001111001010101
1100111110011111110
0000001111001010101

 
Fig. 6 Bit Representation of PPM Tree of Fig. 5 

While storing the PPM tree, we store the pattern in the 
first four bits (represented in bold in the Figure 6) and 
then store the nodes of the tree in breadth-first order. 
Since we do this, we do not require storing a count of 
the number of nodes in the tree. While decoding the 
tree, decoding stops when all nodes are non-mixed 
nodes. 
 

VI. EXPERIMENTAL RESULTS 
A program was written for implementing the image 
compression scheme described above. It was compared 
to the compression scheme mentioned in [1]. The im-
ages used in this experiment can be found at: 
http://www.invisionsoftworx.tk/articles.htm/ 
 

Length of original image as a power of 2 [ 1 byte ] 
Bits representing which segment are stored in raw or 
compressed form.[ 24 bits = 3 bytes] 
Data for Red Component (8 Segments) 
Data for Blue Component (8 Segments) 
Data for Green Component (8 Segments) 



Table II Experimental results 
 

Image  

Name 

  

Size  

KB 

 

Size 

using  

method 
[1] 

 

Com-
pres-
sion 
ratio 
using 
method 
[1] 

 

File Size 
Using 
Proposed 
method 

 
Compres-
sion Ratio 
using 
proposed 
method 

 

0220
m 

768 614.6 1.25 548.5 1.40 

Auror
a 

768 411.1 1.87 304.5 2.52 

Big35 768 664.3 1.16 614.4 1.25 

Chem
01 

192 191.4 1.00 170.6 1.12 

Colors 768 490.4 1.57 457.8 1.68 

Game
3 

768 891.2 0.86 722.5 1.06 

Infra-
red  

768 453.6 1.69 293.1 2.62 

S97_1
0540 

768 557.5 1.38 530.9 1.45 

W20p
40K 

768 446.2 1.72 296.7 2.59 

 

In Table II we listed the experimental results 
showing the comparison between our proposed method 
and the method described in [1]. From Table II it can be 
noted that our proposed algorithm always performs bet-
ter than method in [1]. Moreover we see in image 6 
method in [1] increases the file size rather than com-
pressing it whereas our proposed method gives a com-
pression ratio of 1.06 for the same image. In fact, in our 
proposed method such contradictory situations never 
arise and in the worst case compression ratio is 1 (i.e. 
no compression). 

 
Fig 7 Comparison graph using data of Table II 

 
 

VII. PROSPECTS OF THE COMPRESSION 
SCHEME 

Basic p-trees can be constructed from the compressed 
file trivially after reconstruction of the PPM Tree. Once 
the basic p-trees have been created, we get data mining 
ready structure that facilitates efficient data mining 
tasks. The p-tree based decision tree induction method 
is significantly faster than existing classification meth-
ods [7]. P-tree data structure allows computing the 
Bayesian probability values efficiently. Bayesian classi-
fication with P-trees has been used successfully on re-
motely sensed image data to predict yield in precision 
agriculture [4]. Experimental results showed that using 
p-tree techniques in an efficient association rule-mining 
algorithm, P-ARM has significant improvement com-
pared to FP-growth and A-priori algorithms. [4]. 

VIII. CONCLUSION 
We are knowledgeable of the fact that we have pre-
sented here a scheme for compression of images that 
have dimensions as powers of two. But this limitation 
can be overcome using slight modification to the pro-
posed scheme and file header structure. The proposed 
scheme is an improvement of compression using p-
trees; hence, they can be used with slight modification 
in all applications that use p-trees. In addition, the PPM 
tree structure is also a data mining ready structure pro-
viding it an upper hand over other compression tech-
niques when used in data mining applications. 
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