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ABSTRACT
Efficient data transmission is of special importance
where real-time remote navigation through image
archives is desirable. Previews of images can be
employed for such purposes, specifically in the area of
teleradiology. This paper proposes a method for
preview generation, based on principal component
analysis. The redundancy existing within a set of
medical images is exploited by representing an input
image as a linear combination of principal
components. In this way, previews are compactly
represented by a vector of projection coefficients,
where a compression ratio of more than 1:100 can be
achieved. As confirmed by results, the loss of
information is comparable to standard image
compression techniques.

KEYWORDS: medical imaging, previewing, image
compression, teleradiology, PCA.

1 INTRODUCTION
While modern medical imaging methods acquire
significant quantities of data, maintaining an
overview of the available information is more
critical than ever [1, 2, 3]. Navigation through
information systems becomes more successful
with the ability to obtain an immediate visual
preview of the stored information (images). As
shown by psychophysical studies [4, 5], high
responsiveness and immediate data delivery are
necessary for preview purposes, while moderate
losses in image quality are acceptable [6].
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Furthermore, studies of remote cooperation based
on visual data, which is as well a key principle of
teleradiology, have been successfully conducted in
various areas [7]. However, remote navigation
demands the simultaneous transmission of large
numbers of images, often exceeding available
network bandwidth.
Several methods for medical image compression
are already being applied in order to cope with
constantly increasing amounts of data [8, 9]. By
exploiting the redundancy present within single
images, the typically achieved compression ratio
is between 1:2 and 1:4 [9, 10]. However, a domain
of medical images is characterized by a highdegree of similarity due to the anatomy of human
beings. This important aspect of redundancy has
not yet been as properly exploited regarding
compression.
This paper proposes an efficient compression
algorithm for exploiting similarities within a
domain of medical images. The algorithm is
intended for fast previewing of archived medical
records by expressing images as linear
combinations of characteristic patterns. A detailed
description of the used technique for transforming
domain-specific knowledge (images) to a
statistical projection space, is given in Section 2.
The process of efficiently transmitting an image
preview, is given in Section 3. The experimental
results are provided in Section 4, while Section 5
presents the discussion.
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2 CONSTRUCTING A DOMAIN-SPECIFIC
IMAGE PROJECTION SPACE
Similarities among medical images are easily
observable even at a visual level, indicating the
presence of a high degree of redundancy. It would
be beneficial to exploit this redundancy by
extracting common characteristic patterns from a
set of medical images. These characteristic
patterns could then be used for the construction of
new images from the same domain. The whole
medical image space could be satisfactorily
covered by an appropriate selection of the
characteristic patterns. A statistical tool for the
suitable determination of these characteristic
patterns is Principal Component Analysis (PCA)
[11].
PCA transforms the data of possibly-correlated
variables into data of uncorrelated variables [11].
It is often applied to emphasize similarities within
data, by extracting the main (principal)
components from a representative training-set [12,
13, 14]. Arbitrary data samples can, therefore, be
represented as a linear combination of these
components.
In our method, PCA is applied to a set of medical
images that are represented as one-dimensional
vectors. The covariance for all pairs of vectors is

calculated, and represented within a covariance
matrix. The principal components are found by
obtaining the eigenvectors of the covariance
matrix. The eigenvectors are then aligned into a
projection matrix by placing them one after
another. An arbitrary image can then be projected
to that projection space by converting it into a
vector, and multiplying the vector by the
projection matrix. To this point, the approach is
based on previous work, which already introduced
basic compression of DICOM images using a
single PCA projection space [14]. The key
improvement of the method proposed is that two
projection spaces are used - the general projection
space (GPS), and the specific projection space
(SPS). The GPS contains general characteristic
patterns of medical images covering the whole
human body, while the SPS includes patterns from
specific parts of the human body (i.e. head,
stomach). In this way, a compact representation of
arbitrary images is achieved by expressing them
as coefficient vectors of both spaces’ principal
components. A diagram of the GPS creation is
presented in Figure 1. The process of creating a
domain-specific projection space, consisting of the
GPS as well as the SPS, is subsequently presented
in three steps.

Figure 1: Diagram of the GPS creation.
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Step 1: Firstly, a large set of images
is
gathered, covering the whole spectrum of the
domain (for example, arbitrary CT images of the
whole body). Several hundred or even thousands
of various images from the domain are included.
Due to mathematical restrictions, the images have
to be of the same resolution and bit-depth.
Step 2: The GPS is created only once during the
system initialization by applying the PCA method
to the set of images
, similarly as described in
[14]. In this case, the procedure consists of four
sub-steps:






Each image from
is transformed into a
vector by aligning its rows (or columns)
one after another. These vectors represent
the base vectors of an N-dimensional vector
|
|), where the variables are
space (
correlated.
The origin of the vector space is translated
to the point (0, 0, ... , 0N) by subtracting the
average value of each base vector from its
components. In other words, the average
image intensity is subtracted from its pixels.
The dimensionality of the vector space is
reduced by expressing the mutual
dependency of the base vectors, using a
covariance matrix [14]:
∑

(

̅ )(
(

̅)
)

( )

where Ci,j is the (i,j)-th element of the
covariance matrix, xi and xj are the vectors
for which the covariance is calculated, ̅
and ̅ are their average values (due to step
2.2 these average values are always 0), and
NEL is the dimensionality of the vectors,
which is equal to the total number of pixels
within the input images.
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The GPS is obtained by calculating the
eigenvectors of the covariance matrix C.
Since these eigenvectors represent the
principal components of the data
from
, they can be used to accurately
represent images from the same domain
[15]. The eigenvectors are arranged
decreasingly, according to their related
eigenvalues, i.e. their visual importance. In
order to finally form the GPS, the
eigenvectors are aligned into the projection
matrix G, where each eigenvector
represents one column.

An arbitrary image can now be projected to the
GPS by using the following equation:
( )
where ip is the projection of the input image vector
i to the GPS, defined by matrix G.

Equivalently, the image can be restored by:
( )
where
is the restored vectorized image.
However, may differ from the original , where
the difference e is estimated by
( )
This difference is handled by introducing the SPS.
Step 3: The SPS is generated from a set of
images
, from a specific field (usually,
|
| |
|). While
and
are disjoint
(
),
enhances a subset of
by an adjustable set of specific images. The
process of SPS formation is performed over the
following steps (see Figure 2):
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Figure 2: Diagram of the SPS creation.







The set of differences
arising from
projecting
to the GPS is firstly
obtained (eq. 4).
is separated to negative
and
positive
sets of errors, thus defining two
separate sets of vectors, i.e.
and
.
As an analogy to the creation of the GPS,
the SPS is created by applying the PCA
method separately to
and
, in
order to obtain projection matrices S- and
S+.

Three matrices (G, S-, S+) are defined using the
described procedure, which are then employed to
compactly represent arbitrary images as
coefficients of a linear combination of principal

components. These coefficients can then be used
to generate their previews.
3 TRANSMITTING AN IMAGE PREVIEW
An image preview is generated over two steps;
image compression, and reconstruction (see
Figure 3):
3.1 Image Compression
The image vector i is firstly projected to the GPS
using equation 2. The vector cg of general
projection coefficients is determined and a basic
approximation of the image is created. The
positive and negative difference images and
are obtained and projected to the SPS, using the
following equations:
( )
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( )

( )

The vectors c- and c+ of positive and negative
specific projection coefficients are obtained as a
result.

As can be seen, the preview generation is
straightforward and computationally efficient.
Additionally, by obtaining the preview of a
specific image, a pointer for a possible
transmission in original quality is created.

3.2 Image Reconstruction
The vectors cg, c-, and c+ are used to compute the
image preview, using equation 7:

Figure 3: Diagram of the image preview generation.
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4 RESULTS
For experiments, the GPS was created from a set
of 232 CT images, which consisted of two head
and three stomach scans. The SPS was formed by
using 193 CT images of two distinct stomach
scans. These images were chosen at equal
anatomical distance, for the GPS the distance
between consecutive images being 10mm, and for
the SPS 5mm. The resolution of all images was
512x512 pixels, with a bit-depth of 8 bits/pixel.
Previews of a few hundred sample images of the
stomach were generated using, the presented
method. Four characteristic images are shown on
Figure 4, for a visual comparison.
The error in the created preview images from
Figure 4 was quantitatively evaluated by
calculating the mean absolute error (MAE) and the
mean square error (MSE), as defined by equations
8 and 9:
(

(

)

)

∑

∑

∑

∑

|

|

|

|

( )

( )

where
is the (j,k)-th pixel of the original
image, and
is the (j,k)-th pixel of the image
preview, respectively.
For comparison, the images were compressed
using JPEG and JPEG2000 standards, by means of
default quantization parameters [16, 17], as shown
in Tables 1 and Tables 2.

Figure 4: Comparison of original (a-d) and preview (a'-d')
images.

Table 1: Comparison of original and reconstructed images of
the stomach in terms of reconstruction error. The Average
MAE was in all cases calculated using 100 pictures, which
contained a MAE greater than zero.
Images
(a) & (a’)
(b) & (b’)
(c) & (c’)
(d) & (d’)
Average
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Preview-PCM
MAE
MSE
4.2
46.7
4.5
50.4
3.0
30.8
4.1
44.9
4.4
54.3

JPEG
MAE
1.3
1.3
1.2
1.2
1.2

MSE
3.6
3.6
3.5
3.4
3.5

JPEG2000
MAE
MSE
4.9
42.8
4.5
38.9
4.4
38.4
4.7
42.3
4.5
41.2

204

Proceedings of the International conference on Computing Technology and Information Management, Dubai, UAE, 2014

300
Table 2: Comparison of file sizes (Size) and compression ratios
(CR) by algorithm.

250
200

Images
(a) & (a’)
(b) & (b’)
(c) & (c’)
(d) & (d’)
Average

Preview-PCM
Size
CR

JPEG
Size

2.4

1 : 107

75.1
76.8
74.5
73.8

2.4

1 : 107

75.7

JPEG2000
Size
CR

CR

150
100

1 : 3.41
1 : 3.33
1 : 3.44
1 : 3.47

30.0

1 : 8.55

1 : 3.38

30.0

1 : 8.55

50
0

It is evident from the results in Table 1 that the
presented method introduces moderate errors of a
similar degree to those of JPEG2000, however,
they both introduce considerably larger errors than
JPEG. At the same time, the achieved
compression ratio of our method is approximately
13-times higher than JPEG2000 and 32-times
higher than JPEG (see Table 2 and the bar-graph
in Figure 5). It is even more important to stress
that our method yields constant compressed file
size (constant compression ratio), as given by
equation:
(|

|

|

|

)

(

)

where q is the resulting file size, and w is the
storage requirement for one coefficient (both in
bytes). It should be recalled that positive and
negative errors are encoded separately, resulting
in two sets of SPS coefficients. Due to the
covariance definition, the number of projected
||
|) is one less
coefficients for each set (|
than the number of training samples. It is obvious
that the compressed file size is only directly
proportional to the number of training samples
(images) included in the sets, used for the
projection space creation.

(a)

(b)

Original DICOM

JPEG

(c)

(d)

JPEG2000

Preview-PCM

Figure 5: Comparison of file sizes by various methods.

In order to evaluate the proposed method, the
proportion between the compression ratio (CR)
and the created error (MAE) is used as a figure of
merit, denoted by compression efficiency (CE)
[18]:
( )
( )
( )
( )
The CE for JPEG, JPEG2000, and our method, are
presented in Table 3, according to equation 11 and
the results from Tables 1 and 2. It is obvious that
our method achieves significantly higher CE
ratings than conventional approaches. This
method introduces a MAE comparable to
JPEG2000 while, at the same time, a considerably
higher compression ratio is achieved for images
from the projection space domain.
Table 3: Comparison in terms of CE.
Images
(a)
(b)
(c)
(d)
Average

Preview-PCM
23.1
21.6
32.4
23.7
24.3

JPEG
2.6
2.6
2.9
2.9
2.8

JPEG2000
1.7
1.9
1.9
1.8
1.9

The influence of the SPS was studied in order to
further analyse the method. Figure 6 shows image
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previews generated for CT images of the head,
which are not included in the SPS domain.

successfully employed for adding detail to the
GPS domain, whenever this is desirable.
Table 4: Comparison between the original and preview images
of the head in terms of reconstruction error.
Images
(a) & (a’)
(b) & (b’)
(c) & (c’)
(d) & (d’)
Average

Preview-PCM
MAE
MSE
4.2
82.8
3.7
51.4
7.0
126.2
6.3
108.2
6.8
119.8

5 DISCUSSION

Figure 6: Comparison of original (a-d) and preview (a'-d')
images.

Because images of the head are not part of the
SPS domain, a higher degree of error is introduced
(see Table 4) compared to domain specific images
(see Table 1). As a result, the MAE of stomach
images (4.4) is 35.3% smaller than that of head
images (6.8). It follows that the SPS can be
ISBN: 978-0-9891305-5-4 ©2014 SDIWC

This paper presented a new method for the
construction of medical image previews for
remote navigation based on principal component
analysis. A projection space for a medical domain
was generated from a set of representative images
and used to generate a preview of an arbitrary
image from the same domain. The compression of
the preview image was achieved by generating
and storing a vector of projection coefficients. The
compressed images were, therefore, of a constant
size, where the number of coefficients (and the
related compression ratio) only depended on the
number of images used for the construction of the
projection space. The conducted experiments
prove that the compression ratios achieved by the
presented method, were 13-times higher than
JPEG2000 and 32-times higher than JPEG. At the
same time, the obtained errors regarding
compressed images were of a similar degree to
those introduced by JPEG2000. Further quality
improvements for any specific sub-domain can be
achieved by additionally employing a specific
projection space.
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