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Abstract: In the paper is presented a new method for efficient compression of still images, based on the Inverse
Difference Pyramid (IDP) decomposition. A special version of the method is developed for the lossless
compression of graphics and texts. The method is aimed at secure and flexible transfer of information via
Internet. It permits the insertion of multiple digital watermarks in the image phase domain together with
efficient data hiding. The method offers flexible approach for image contents protection and data hiding.
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1. Introduction

One of the most powerful communications tools
nowadays is the Internet. It ensures fast transfer of
information of any kind: images, texts, graphics,
sound, etc. Together with this, the transferred
information is easily accessible for too many people.
Special requirements appear when medical data,
containing confidential information is provided via
Internet. In this case, the main goals are: to compress
the information efficiently, so that to provide it as
soon as possible and without visible quality
deterioration and to protect this information from
unauthorized access, editing or use. The widely used
tools for image processing when Internet is
concerned are JPEG and JPEG2000 [1, 2]. These
famous standards very efficiently compress grayscale
and color images, but they are not so good when
texts and graphics are processed. Such information is
usually processed with software, based on the JBIG
and JPEG2000 (lossless version) standards [3]. They
offer good compression, when bi-level images are
processed, but they are not so efficient for grayscale
text and graphic images. Additional difficulties
appear when the processed information comprises
pictures and texts together. The new method
presented here, solves these problems to a high
degree. This method is based on the Inverse
Difference Pyramid (IDP) decomposition and
performs efficient lossy and lossless image
compression. The paper is arranged as follows. In
Section 2 is presented the IDP method and its
features, which permit the insertion of resistant and
fragile watermarks in the compressed data; in Section
3 is presented the basic idea for lossless image

compression; in section 4 is presented the algorithm
for digital image watermarking with IDP, in section 5
are presented the experimental results, in Section 6,
the conclusion, are pointed the method advantages,
the application areas and its future development.

2. Inverse Difference Pyramid

Decomposition
The IDP decomposition method [4] is presented with
the following steps:

Step 1: The matrix [B(i,k)] of the digital halftone
image is divided in K sub-images, [L(i,k)] each with
size 2"x2" elements, where n=3,4 or 5 depending on
the original image size.

Step 2: The elements of the matrix [Lkp(i,k)] ,

where k,=1,2,..,4°K, are defined for the level
p=0,1,..n-1 of the IDP pyramid of P levels, in
correspondence with:
o[BGk for
Lkp(l’k):{EkP_l(i,k) for
k,=1,2,.. 4K, i,k=0,1,2,..,2"P-1.
Here B, (ik) is the (i,k) pixel from the sub-image

with number ko=1,2,..,K in the zero level (p=0) of the
pyramid, which corresponds with the pixel B(i,k)
from the original image; and Ekp,I (i,k) is respectively

p=0;

p=1,2,...,n-1, (1

the pixel (i,k) from the difference image with number
k, in the pyramid level p, for p=1,2,...,n-1.

Step 3: The matrix of the sub-image [Lkp (ik)] is

transformed, using “truncated” two-dimensional
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orthogonal transform of some kind, like DCT, CHT
(Complex Hadamard Transform), Haar, etc., selected
in advance. The coefficients of the corresponding
transform matrix are calculated in accordance with
the expression:
Sk (uravr) fOI' mp(ua V) = L
s, Wv)=9 _°
v 0 for m (u,v)=0,
uyv=0,1,.2""-1and p=0,1,..,n-1,

where

2

2mP| 7P|

2 2L (ot ik,
47T ST

for r = 1,2,..,.R,; my(u,v) are the elements of the
binary matrix-mask [M,] with size 2""x2"" for the
level p, which defines the position of the “retained”
coefficients, skp(ur,vr) ;

Skp (ur’Vr):

20P_12"P
R,= z Zmp(i,k) - the number of the “retained”
i=0 k=0

spectrum coefficients in the level p, selected in
advance so that to be within the area defined by
1<R,<4™P; t,(i,k,uy,v,) - the pixel (i,k) from the basic
image (the kernel of the selected orthogonal
transform) with spatial frequency (u,v,) in the
pyramid level p.
The elements my(u,v) in (2) are defined in accordance
with the following four operations:

e Calculation of the modules of the spectrum
coefficients of every sub-image in the pyramid level p:

2" P12 P

12, 2L Gty ikuy)|

T A

for u,v=0,1, 2,..,.2"P.

e Calculation of the modules of the coefficients of
the mean transform for the level p:

1 4P K
s (uv
PR, @)
e Arrangement of the
uniformly decreasing order:

‘sp(u1 ,Vl)‘ > ‘sp(uz,vz)‘ 2.2

sy (uw)]=

‘sp (u,v)‘ =

“mean” modules in

s, ve)); )

e Definition of the elements m,(u,v), performed in
accordance with (3) as follows:

1 foru=u, and v=v, for r=1,2,.R ;

rnp(u,V)={0 ]

Step 4: The approximating model fkp (1,k) for the

in all other cases.

sub-image k, in the pyramid level p is defined, using
the inverse orthogonal transform:

Ly, (.k)=B, (i,k)=)>"s, (wvty (i,k,uv)

U vy
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for p=0 and i,k =0,1,..,2"-1,
ikp (1,k) =Ekp 1,5 =)D s (Wv)ty (k,u,v)

for p=1,..,P-1 and ik =0,1,..,.2""-1 .
Here t: (ik,u,v) is the kernel of the selected inverse

orthogonal transform for the level p.
Step 5: The elements of the difference image k, in
the pyramid level p are defined:

B,,(ik)-B, (ik) for  p=0;
L, (R-L, (k) forp=12,.,n-1.
when i,j = 0,1,..,2"P-1.

Step 6: The coefficients Sk, (u,,v,) from all sub-

Ekp(i,kr{

images in the pyramid level p are arranged as a two-
dimensional massif R, in accordance with their
spatial frequency (u,,v,) forr=1,2,..R,.

Step 7: Each massif of same spectrum coefficients
is converted into one-dimensional data sequence,
using recursive Hilbert scan. All data sequences from
same IDP level are arranged as one common data

sequence.

c d
Fig.1. Presentation of the multi-level IDP decomposition

for the test image “Thorax” (512x512 pixels, 8bpp).
The processing continues with lossless coding of the
obtained data.
In Fig.1 are shown the images, obtained from 4
consecutive IDP levels for the test image “Thorax”.
This approach permits to stop the image
decomposition in the level, for which the desired
image quality is obtained [4]. For this image kind
(grayscale medical images) the efficiency of the IDP
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compression is similar with that of the JPEG
standard.

The software, based on the described method, was
developed for grayscale (8bpp) and color (24 bpp)
images. It could be implemented for images in any
other format (for examplel12 bpp, grayscale).

For some applications the archived images should be
without any change in their quality, i.e. they require
lossless compression. For such applications the IDP
decomposition consists of two levels only (the
highest ones). In this case the lower pyramid level is
with sub-image size 8x8 pixels, and the higher one —
with size 4x4 pixels. In the higher level, should be
calculated all the 16 transform coefficients.

The IDP decomposition offers the ability to insert
resistant or fragile watermark in the compressed
image data. The resistant watermark is inserted in the
image spectrum domain. It is suitable for cases, when
lossy compression is used and the watermark data is
added in the compressed image data. The IDP
decomposition permits the insertion of different
watermark in every pyramid level. This watermark is
resistant against widely used attacks as cropping,
editing, etc [5]. The resistant watermark could be
used for access control as well. For this is used a
“hiding”, visual watermark, which overlaps the
original image and hides its contents. The watermark
is removed with a password or another tool for
access control. The fragile watermark is used, when
image contents identification is needed. For this, the
IDP method permits the watermark to be inserted as
an additional level in the compressed data or as
additional information in the amplitude of the last
pyramid level. The watermark is very sensitive for
any kind of image contents change and is used as a
proof for unauthorized editing, resulting from usual
pirates’ attacks. The IDP decomposition permits the
insertion of fragile and resistant watermarks together.

3. Lossless Data Compression with
Histogram-Adaptive Run-Length
Coding
The data sequence obtained in result of the IDP
decomposition is processed with Histogram-Adaptive
Run-Length Coding (HARLC) [6]. This part of the
processing is based on the specific feature of the IDP
decomposition, that the values of most of the
coefficients in the higher level are “zero”. The basic
steps of the algorithm for lossless coding are as
follows:

Step 1. The processing starts with the calculation
of the histogram h(AS) of the coefficients values in
the data sequence {AS};
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Step 2. The histogram is analysed and are defined
the parts, where h(AS)=0.

Step 3. The sequences of same values (most
frequently equal to zero) in the sequences {AS} are
presented with some of the not-used histogram
values in accordance with the following rules:

- Sequences of zeros, with length smaller or equal
than that of the longest sequence of not used values in
the histogram, is replaced by a number, equal to the
sum of the start value of the sequence of not used
values and the length of the compressed sequence;

- Sequences of zeros in the transformed data, longer
than the sequence of not used values in the histogram,
but shorter than 2™, are represented with 2m words.
The first of these words contains the start value of the
longest sequence of not used values, the next (m-1)
words contain zeros, and the remaining words — the
length of the coded sequence;

- Sequences of same values, different from zero, are
represented in similar way, adding one more word,
containing this value.

- Very long sequences (if there are any) are
represented with additional word containing the
sequence length;

Step 4. At the end of the processing the code words
are coded with modified Huffman code.

In result of the processing the image data is
compressed and the compressed images are converted
in new format (tk).

This compression is very efficient for processing of
graphic images and texts. It gives very good results
for compression and storage of signals like ECG, etc.
Specific advantage of the IDP decomposition is that it
permits to recognise text and pictures in compound
images and to process them in most suitable way: the
pictures - with multi-layer IDP, and texts and graphics
— with two-level IDP. The recognition is based on the
image contents analysis. For the areas, where texts
and graphics were identified, is applied lossless
compression and for the remaining part of the image —
lossy compression with multi-layer IDP.

4. Image Watermarking with IDP
Decomposition

4.1. Watermark insertion

The IDP decomposition permits the insertion of
different watermark in every pyramid layer [5, 7].
The watermark insertion for one pyramid layer is
described below with the following steps:

Step 1. The input image is divided in sub-blocks
with size NxN elements, where N=2".
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Step 2. Then are calculated the coefficients s(u,v)
from the transform of each sub-block, using the two-
dimensional Complex Hadamard Transform (CHT):

N=IN=I

s(u,v) =$ZZL(i,k)ejg(ka)t(u,i)t(V,k)

i=0 k=0
for u,v=0,1,..,N-1, where

1 for n=2;
=) Sl

=D~ forn=34,..,
p,q=0,1,..,2"-1, n=1g,N.
Here t(p,q) is a sign function, and L%J - operator,

defining the integer part, obtained in result of the
division of the numbers a and b.

Step 3. The modules and the phases of the obtained
spectrum coefficients are calculated:

s(u,v) = M(u, v)e V=5, (u,v)—js,(u,v)
in correspondence with the relations

M(u,v) = I8 (u, v)P+[s; (u, V)]

and
o(u,v) = —arctg{m} ,
sp (u,v)
where
N=IN-I
sgp(u,v)= L(i,k)t(u,i)t(v,k)cos[Z(ui+ vk)]
=0 k=0
N-IN-=I
s;(u,v) = L@, k)t(u,i)t(v,k)sin[F(ui + vk)]
i=0 k=0

Step 4. Here are chosen the couples s(u,v) and
s*(u,v) of complex-conjugated coefficients whose

o(uv)=—0¢"(u,v), and the
modules answer the requirement:

oM, if aM . >9,

0 - in other cases,

phases are inverse

|M(u,V)| = ‘M*(u,v)‘ >n= {

Here n is a threshold, whose value is a part a<I of the
module M,,.x belonging to the largest coefficient (or a
group of coefficients) in the transform of the
processed sub-block. The minimum value for m is
limited with the requirement it to be higher than some
small positive constant, 0.

Step 5. One consecutive bit w, of the digital
watermark is inserted in the phases of the
coefficients s(u,v) and s*(u,v), already chosen in step
3 in correspondence with the relation:

L [eww+A i w,(p)=1;
(pw(uiv)__(pw(U’?V)_ (p(u,v)—A lf Wr(p)ZO

for r = 1,2,..,R, where ¢,(u,v) and (pw*(u,v) are the
phases of the watermarked coefficients sy(u,v) and
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sy (u,v), and R is the number of the binary elements
wi(p) of the digital watermark, p. The parameter A is
an angle, which defines the “depth” of the watermark
and together with o influences its “transparency” and
resistance against attacks.

Step 6. The pixels Ly(i,k) of the watermarked sub-
block are calculated, using two-dimensional Inverse
Complex Hadamard Transform (ICHT) for the

already obtained sub-block transform:
N-IN-1 .

L, (k)= Y s'wv)e ™™ i) tv,k)
u=0 v=0

for i’ k= 0917-'5 N'l, Where
iow@v) - . )
§'(,v) :{M(u.v)e if M(u,v)sing (u,v) # 0;

M(u,v)ei*™) in other cases.

Here M(w,v), ¢(u,v) and ¢(u,v) are defined in
correspondence with steps 2 and 5.

The sequence w, is obtained in result of the XOR
operation for every bit of the inserted watermark and
corresponding bit, belonging to a pseudorandom
sequence, which is a secret or public key used for the
watermark encryption. The autocorrelation function
of the sequence w, should be similar with a delta-
pulse. This requirement ensures high reliability,
when the watermark is detected or extracted from the
watermarked image.

4.2. Watermark extraction

Steps 1- 4 of the algorithm for watermark insertion
are applied consecutively on the tested image aiming
at the detection of all spectrum coefficients s(u,v),
suitable for watermarking.

Step 5. The presence of an eventually inserted
watermark p of D digits is checked. For this is
calculated the coefficient C,,,, which shows the
correlation between the watermark in the pyramid
level p and the watermark m, used for the
watermarking of the spectrum coefficients s, (u,v) for
all sub-blocks, selected in Step 4 of the watermark
insertion. The cross-correlation coefficient is defined
with the relation:

R
Cunp = 200, +A,(M]A, (D) = A, +B,,,

r=l1
for m, p = 1,2,..,D, where [@,+A(m)] = @(m) is the
phase of the watermarked coefficient s,y (u,v),

R R
A, =Y 9.A,(p) B,,=> A(m)A,(p)
r=1

r=1
¢, — is the absolute value of the phase before the
watermarking, and

+A if w.(p)=L

1y A
A@) =04 {—Aif W, (p)=0.
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Here wy(p) are the binary eclements from the
pseudorandom sequence of R bits, which describes
the inserted watermark for level p.

For big values of R and when ¢, = const, from Step 5
of the watermark extraction procedure follows the

R
relation Apch()ZAr(p) ~ 0. In case that the selected

r=1

coefficients are not watermarked, C, , =A ~0.

For the watermarked spectrum coefficients

R
DA (m)] =RA® if m=p;
Cop®1 &
D A (M)A (p)~0 if m#p.
r=1
Step 6. The decision for the detection of the
watermark py is taken in accordance with the rule:

Yes if (Cm,po/RN)Ze;

Watermark | = )
’ in other cases,

No -
for m, po = 1,2,.D, where 0 is a pre-defined
threshold, whose value is in the range 0 <6 < 1.

5. Experimental Results

5.1. IDP Decomposition and compression

The software implementation (TKView) of the
presented IDP decomposition and of the method for
lossless data coding was developed in C++ and
Visual C, Windows environment. The experiments
were performed with large number of medical
images: roentgen, ultrasound, mammographic, ECG,
etc. After the processing the original bmp images
were transformed in the new (tk) format.

Unlike JPEG and JPEG2000, the IDP method
offers specific options for better presentation of some
kinds of medical information, for example,
ultrasound images. As it was pointed above, in the
IDP levels are used different sets of coefficients. This
approach permits to suppress certain image patterns,
corresponding with the neglected spectrum
coefficients.

In Fig.2 is presented the result of the IDP lossy
compression of the ultrasound image “Axial”. The
existing “speckle” noise is visually reduced with
proper selection of the participating spectrum
coefficients in the IDP level.

The ability to perform the filtration with the proper
selection of the combinations of two-dimensional
coefficients permits to suppress speckles or other
similar noises of different size and shape. In the case
when the original image contains bigger speckles, it
is possible to use pyramid with three or more levels
in order to increase the size of the filtered patterns
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and to suppress bigger forms. Usually this decreases
the compression ratio significantly.

a. Original test image “Axial”

b. Test image “Axial” restored after
compression 41 with speckle filtration

Fig.2. Test image “Axial” (344x430 pixels, 24 bpp)

The IDP decomposition is very efficient when
lossless compression of graphic images is needed, for
example for ECG and text images. Results for IDP
(tk) and JPEG2000 (lossless) are given in Table 1.
The last two columns contain the size of the
compressed images.

Table 1
Image CR |CR jpgaooo| Size 1k |Size jpc2000
TK. B B
ECG 29,84 9,73 11447 35104
ECGI1 | 16,55 6,99 17 727 41 988

Some of the test ECG images are presented in Fig.3
below.

87



w1

Fig.3. Test image ECG (581x588 pixels, 8bpp)

The method efficiency for processing and lossless
compression of text images is illustrated with Fig.4.
For this test image the compression ratio, obtained
with lossless IDP compression (TKView) is 6. In
Fig.4.a is presented the same image, processed with
LuraTech Algovision (lossless JPEG2000). The
distortions in the restored image are visible. The
same product offers compression ratio 1,9 for this
image when lossless compression is used.

Similar results were obtained for many kinds of
graphic images as well (texts, signatures, contours,
fingerprints, etc.).

(Also, while the Library does declare operator new that thro
conform to the Standard.
Also, while the Library does declare operator new that thro
conform to the Standard.

Also, while the Library does declare operator new that thro
conform to the Standard.

Also, while the Library does declare operator new that thro
Compared to the Standard's requirements, as described in P
Also, while the Library does declare operator new that thrd

e All three forms of operator new|]
conform to the Standard.
s All three forms of operator delete|]
conform to the Standard.
s Placement operator delete(void *, void *)
Also, while the Library does declare operator new that thro
e Placement operator delete(void *, std::nothrow_t
Also, while the Library does declare operator new that thrd
Also, while the Library does declare operator new that thro
conform to the Standard.
Also, while the Library does declare operator new that thrd
conform to the Standard.

Also, while the Library does declare operator new that thro
conform to the Standard.

Fig.4.a. Original test image “Text”
(512x512 pixels, 8bpp)

The IDP decomposition permits to set regions of
interest for some parts of the processed picture,
which to be compressed with lossy or lossless
version, based on image histogram analysis [6]. The
ROIs should be framed by a square or rectangular
form, which better corresponds with the IDP
decomposition. Example test image is presented in
Fig. 5 below.
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Compared to the Standard's requirements, as described in P
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« Placement operator delete(void *, void *)
Also. while the Library does declare operator new that thro
o Placement operator delete(void *, std::nothrow_t
Also. while the Library does declare operator new that thrd

Also. while the Library does declare operator new that thrg
conform to the Standard.

Also. while the Library does declare operator new that thrq
conform to the Standard.

Also. while the Library does declare operator new that thro
conform to the Standard.

Fig.4.b. Test image “Text”, restored after
compression with compression ratio 6 (JPEG2000).

CIRCUITS GRAND PUBLIC |
A i g H ”
La premiére “info appliance” su
Le circutt Geode de NS inigre
Pensemble des fonctions de
ritement dhe signal qui seront
NECEsANEs AUX SYSIEMES com-
mericants die futur. Premiére
cible: des boitters-décodeurs
mudtimédias & moins de 2005,
"aventure Cyrix,

eductor n'sur pus
avant i reditiger

Applisnces ™, e

Fig.5. T.es.t“image with 2 ROIs

The test image in Fig. 5 has 2 ROlIs: the human face
and the text. In this case the processing of the ROI,
containing the human face will be performed with the
lossy compression algorithm and the remaining part
(the text) — with the lossless one.

5.2. Digital watermarking

A test image was watermarked using the suggested
algorithm. In Fig 6 is shown the original grey-scale
image of 256x256 pixels. A block size of 16x16
pixels was used for the implementation of the
watermarking algorithm. The watermarked image
where a total amount of 184 bits were embedded is
shown in Fig. 7.

Fig.6. Original image “Lena”
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Fig.7. Watermarked image at A =12
Table 2

Image name Amount of embedded bits
Lena 256x256 184
Baboon 256x256 182
Camera 256x256 105
Peppers 256x256 179

Table 2 shows the amount of the embedded bits for
four test images. The experiments proved that the
watermark was embedded only in non-homogenous
areas of the image. Despite of the inserted watermark
no visible changes were noticed.

|
Fig.8. Absolute difference image at scale factor of 64

In Fig. 8 is shown the absolute difference between
the original and the watermarked image “Lena”
scaled by 64. As expected, the biggest difference
occurs around edges. The watermarked image was
compressed using a JPEG encoder.

N
[

PSNR, [dB]
8

[N
=]

12 3 456 7 8 91011121314 1516 1718 19 20
Watermark depth, [deg]

Fig.9. PSNR results at different A
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Some of the experimental results are presented in
Figures 9 and 10: Fig. 9 shows the resulting PSNR
for different values of the parameter A; the bit error
rate for different values of A and JPEG quality
factors is shown in Fig. 10.

60

——Depth 5
—=— Depth10

i
10 20 30 40 50 60 70 80 90 100
JPEG quality, [%]

Fig. 10. BER versus JPEG quality

Examples for digital image watermarking based on
the IDP decomposition are shown in Fig.11. In the
figure is shown a text image with hiding watermark,
which does not permit to understand the image
contents.

at thre
row_1
hat thro

Fig.11. Watermarked test image

For some applications is used a “hiding” watermark,
which should hide the most important part of the
image (ROI) only. In result, the ROI should not be
seen until the watermark is removed. Example is
presented in Figures 12 (the watermark) and 13 (the
watermarked test image).

Fig.12. Example watermark image

The watermark in Fig.13 was inserted for example
only — there is not real medical ROI in this place. For
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real applications the watermark should be darker, in
order to hide the image contents better.

Fig.13. Ultrasound image with inserted
hiding watermark

5. Conclusion
The main_advantages of the IDP decomposition
method are:

- The method offers efficient image compression,
suitable for creation of large data bases of patients’
medical information;

- The method permits the recognition of texts and
pictures in compound images and their compression
with most efficient algorithms, setting ROIs in the
processed image;

- The method permits the processed images to be
transferred layer by layer, with increasing quality. In
result, the image transfer could be stopped any time,
when required image quality is obtained;

- The method offers wide abilities for image
filtration and noise suppression in ultrasound
images;

- The method permits the insertion of fragile and
resistant watermarks in the processed visual
information, on the basis of which to be developed
new tools for data access management;

- The method provides new tool for lossless
compression of graphic images (ECG, etc.);

- The method offers efficient compression of
biometric information and hiding this information as
watermark, in order to use it for some kind of secure
access control.

The method will be further developed in following
directions:

- To permit the setting of flexible regions of
interest (ROI) in the image, which to be processed
with IDP multi-level decomposition or with lossless
HARL compression;
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- To perform automatic detection of texts and
graphics in compound images and setting the
corresponding ROIs;

-To develop the ability to process images stored in
different format;

-To permit to compress the image in accordance
with the required quality of the restored image and to
stop automatically the IDP decomposition when this
quality is obtained.
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