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Abstract

This article depicts the process of images compression for the Discrete Cosine Transform (DCT). By being one of the most
significant transformations in the area of digital image compression the DCT transforms a block of data into a new set of
values.

This work presents a review of images compression applied to the field of health specifically for the radiology service, where
the Discrete Cosine Transform (DCT) is used as the Inverted Discrete Cosine Transform (ICDT). In this particular case, a
rapid algorithm is used for DCT, which is figured out by applying the parallel arithmetic allowing the designed architecture
to reach a better performance in software implementations.

Firstly the different imaging modalities that are introduced into the compression system to obtain results through simulations
in Matlab are included here. Subsequently, based on the results the application of radiology service is seen within the
infrastructure component in the health sector and finally an analysis of production from 2011 to 2014 of hospitals is observed.

Keywords: Compression process development, health informatics, Discrete Cosine Transform (DCT), image processing,
image compression, infrastructure in the causal model, infrastructure component, radiology.

Resumen

Este articulo presenta el proceso de compresion de imagenes de la Transformada Discreta de Coseno (DCT, por sus siglas en
inglés). Al ser una de las transformadas mas significativas en el area de la compresion digital de imagenes, la DTC transforma
un bloque de datos en un nuevo conjunto de valores fijos.

Este trabajo presenta una revision de la compresion de imagenes aplicada al campo de la salud, especificamente en los
servicios de radiologia, donde la Transformada Discreta de Coseno (DCT) es utilizada como la Transformada Discreta del
Coseno Inverso (IDCT, por sus siglas en ingles). En este caso particular, un algoritmo rapido es usado para la DTC, que es
resuelto mediante la aplicacion del paralelo aritmético, permitiendo que el disefio arquitectonico alcance un mejor desempefio
en la implementacion del software. Inicialmente se incluyen las diferentes modalidades de imagenes, que son introducidas en
el sistema de comprension para obtener resultados a través de simulaciones en Matlab. Posteriormente, los resultados se basan
en la aplicacion del sistema en los servicios de radiologia dentro de los componentes de infraestructura en el sector de salud
y finalmente se realiza un analisis de la produccion del 2011 al 2014 en los hospitales observados.

Palabras clave: Desarrollo del proceso de comprension, salud informatica, Transformada Discreta de Coseno (DCT),
procesamiento de imagenes, comprension de imagenes, modelo causal de infraestructura, componentes de infraestructura,
radiologia.
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1. Introduction

In Latin America and the Caribbean, there are notorious
inequities in health (WHO, 2013). A set of components
limits the access to a timely, and good quality health care.
The lack of infrastructure resources, do part of a series of
studies in the regional program of social policy in Latin
America [1], equipping (technology), drugs, human talent
and geographical distance, Health and TIC [2], between the
public or private supply and the demanding population for
health care.

Despite the progress achieved in the different iterations in
each of the above-listed components, there are still
difficulties in terms of integrating. One of the possible
solutions is the approach proposed by Joseph, where the
essential components such as: data information (information
architecture), Hardware-Software-Network (Architecture of
Technology), processes-tasks-applications (domain
architecture) and the users’ management (Architecture
Control) is the general structure of information systems for
health management [3]. Leaving aside the component of
quality of service supply and the management of
technological and social issues. Another similar proposal is
the strategy and IT system architecture of health care of
Bourke 1994, which does not incorporate the item of
information management.

It is, therefore, important to develop simulation scenarios of
the scalable health model under a healthcare service
integration and levels approach.

In this regard in many places of Colombia due to the lack of
resources and/or geographic isolation, there is a lack of
specialists in different pathologies affecting the patients to
be treated. It is for this reason that one single image is not
sufficient to make a diagnosis by the specialist. In some
cases, a diagnosis could require between four to one hundred
images, which makes it complicated either transmitting or
storing them. If a remote diagnosis or medical consultation
is required, this situation will be a challenge. A study of
images compression is conducted to solve these problems.
The different modalities commonly related in the healthcare
field are used. The objective of such tasks is to reconstruct
the images without an apparent loss of quality for achieving
a better utilization of the available channel capacity in some
places. It occurs in the case of storage in medical offices or
in a database of images to reduce the sizes of imaging studies
that are carried out.

To compress the images, the Discrete Cosine Transform
(DCT) is used, allowing to obtain a picture matrix with a
unique feature that facilitates compression. With the results,
an evaluation of final images is made by specialists
determining a maximum level of allowed compression for
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each of the modalities and thus giving to it an application in
the Colombian health model.

2. Modalities of medical imaging in the
component of infrastructure

The term medical imaging modalities means the different
imaging achieving techniques, being the type of energy used
the essential element defining such modalities. [4]. The
elaboration of images involves irradiating the sample on the
patient under treatment with some energy; its
electromagnetic and ultrasonic character will determine or
define the contrast of the picture. The basic modalities in
medicine are: Radiology (electromagnetic radiation: X-
rays), Echography (ultrasonic energy), Nuclear Medicine
(electromagnetic radiation: gamma radiation) and Magnetic
Resonance (electromagnetic radiation: radio waves).

A large number of images produced for diagnostic in clinics
or hospitals, especially when they should be printed and
filed, has made their administration too complicated. Hence,
an alternative are the efficient digital images through
networked devices, which together offer a series of products
to support the operation of radiology services. Hence, for
having an excellent clinical and healthcare acceptance, we
should consider the easiness, speed, security in images
access and quality in the supply of healthcare services.
Donabedian (2001) was the first to argue that the methods
for assessing the quality of health care can be applied to
three essential elements of the system: structure, process,
and outcomes. This approach is kept to monitor the quality
of health and hospital care. Additionally, the benefits of
current technology can be utilized to offer additional
features such as: display of multiple images on one screen,
image processing to correct them, voice recording
concerning the diagnosis, and the computer-assisted
diagnosis. [5].

2.1 Classification of modalities

Modalities can be classified into morphological or structural
and functional. Figure 1 defines the non-linear compression
form that allows the reconstruction of the image, same as the
original image. The algorithm examines and transforms the
image compression provided that it complies with the
following two conditions. 1) The transformed image should
be represented by the same number of coefficients as they
are present in the original image. 2) The filtering must be
performed on pixels that are neighbors one to the other in
the original form. The merging of a lossless algorithm
(coding by bit planes) and a loss algorithm (vectors
quantization) is based on the idea of the stratification of the
image coding. In the first phase, the encoding with losses is
performed to yield reconstructed images featuring some
distortion elements. For the next step, the extraction on the
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encoder side of the image is required, with the difference or
error image that appears between the original and the
reconstructed version of the input image. This image differs
from the image undergoing the successive stages of

encoding with no losses. A series of symbols is generated,
which are tuned into the frames of bits constituted to the
encoded image. In that frame, the different stages of coding
are unified.

Figure 1 Shape to be coded (left), Sub bands defined after coding (right)

Figure 2 X-ray digital

Eﬁ : (b)
(b) (d)

(e)

Figure 3 Transformation of the image

=== UNIVERSIDAD

faECCI




TECCIENCIA

Figure 2 of digital X-ray facing the viewer has not suffered
any visual loss with respect to the original image. The
transformation of the image represents a correlation of the
signal, a reduction in its dynamic range which removes
redundant information. The transformed coefficients must
be statistically independent, and the transformed image
energy must be compacted into coefficients minimum
number. [6]

Figure 3 includes the Original image (a), the detail original
region (b-e) Analysis of the region of interest (ROI) using
different DCT methods. (d) The principal component of
analysis (PCA) (e) Vector Quantization (f) Estimated
Coding. Figure 3 presents transform encoders where the
distribution of values representing the intensity level is
observed where many of them can be eliminated or at least
quantified with very few bits.

Thus, a decrease of the statistical dependence of pixels
before moving to the quantization stage is achieved. The
transformation is not performed on the entire image, but the
image is divided into blocks of size (typically 8 x 8 or 16 x
16 pixels). Afterward, the transformation is made reducing
computers cost considerably.

The former images feature excellent resolution with very
fine details of the patient's anatomy. The latter are
characterized by providing information on the functioning
of the different organs or systems.

Figure 4 exhibits the original image (a), the DCT with 128
size quantization (b), the DCT step with 1024 size
quantization (c), the PCA (d), the quantization vector with 7
x 7 blocks (e), the estimated coding (f), the ROI with 8 x 8
blocks (g), the ROI with 16 x 16 blocks (h). [7]

The compression process of Figure 5 was carried out with
the discrete compression irreversible transform. The figure
includes the reconstructed image applying the compression
algorithm of the Discrete Wavelete Transform (DWT) (a);
the error detail of image magnification (b); the detail
amplification failure of image with MPEG-encoded to a
magnification of 20:1 using bidirectional prediction (c); and
the detail of amplification error with MPEG-encoded image
for an enlargement of 20:1 (d). The result of the prediction
is identical to the amplification processed for Figure 5 (b),
(¢) and (d). The image was performed irreversible to
compressive at an enlargement scale of 20: 1, to compare the
approach developed on the basis of the Discrete Wavelet
Transform (DWT) block. [4]. For the MPEG (Moving
Picture Experts Group) standard video compression method
based on Discrete Cosine Transform (DTC) block and
currently used for many medical applications.
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Figure 4 Transformation of image including DCT
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Figure 5 Reconstructed image applying the compression algorithm of the Discrete Wavelete Transform (DWT) (a); the error detail of
image magnification (b); the detail amplification failure of image with MPEG-encoded to a magnification of 20:1 using bidir

3. Digital Cosine Transform (DCT)

There are many mathematical transformations that convert a
data set of a measurement system into another. [8]. Choosing
the Digital Cosine Transform (DCT), where the
representation of data in the system (DCT), has properties
that facilitate the compression. The Discrete Cosine
Transform (DCT) is one of the most significant
transformations in the area of digital image compression
because it transforms a block of data into a new set of values.

Moreover the inverse DCT reverses this process, recovering
the original data values. In theory, during the process of
transformation and anti-transformation no information is
lost, however, in practice, there is a little loss of information
due to the following two factors:

1. Cosine values can not be accurately estimated.

2. The final results of calculations are affected by the
rounding off errors due to the limited accuracy of
the data representation.

Differences between recovered data and original data are nil,
but they depend on the method used to calculate the DCT.
The DCT can be applied to blocks of data of any size, but
the most common practice is to use 8 x 8 blocks. This is
because 8 x 8 blocks does not demand large memory
requisite. Additionally, the algorithmic complexity of such
blocks is compatible on most platforms. On the other hand,
from the point of view of the compression factor, if we use
large blocks we will not get large enhancements.

The definition of DCT is given by the equation 1

.pixel (x,y) = ‘/:Tn * 1)
T3 SR8 c()e()DCT(U, V) cos (BEET) coq(2101T,

2m
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Where for both cases, u=0,....,n and v=0,...... , m.
1 —0 2)
cw={vz "
1, x#0

DCT can be implemented according to its definition, but
there are faster incremental methods, where the method
starts from some pixels to be increased until all the input
space is covered. If any item is not covered by the
characteristics of the existing pixels, one more would be
added. The advantage of this approach is high speed.

It may not be intuitive for its definition, but each calculated
value in the transformation process involves a
transformation matrix (base function) different from n x m
components. For the most common case of 8 x 8 blocks,
there are 64 transformation matrices, each of 8 x 8.

4. Modes of image compression

At present, there is a vast amount of image formats. Each
one has its respective strong and weak points depending on
the application for which they were designed such as quality,
compression ratio, efficiency, costs, patents, licenses,
standards, among others.

In  mid-1980, members of the International
Telecommunication Union (ITU) and the International
Standards Organization (ISO) started a partnership to
conduct a standard for images compression in grayscale and
color. This standard was known as Joint Photographic
Experts Group Associates. This JPEG standard was called.

(7]

The JPEG committee decided to develop another standard
for image compression called JPEG2000. It was a response
to the growing demands of multimedia, the internet and a
great variety of digital imaging. However, in terms of the
compression methodology, these two standards are very
different while the original JPEG is supported on DCT, the
JPEG2000 is grounded on the DWT. [8].

JPEG images can be of any resolution and color space, both
with algorithms with/out losses. The JPEG standard is a
general purpose item and it has many features and
possibilities. For example, by adjusting the parameters, a
decision can be made to compromise between the image
quality and its compression factor. The compression ratio is
very broad: from about 100: 1 with significant visual
degradation to about 3: 1 indistinguishable from the original
image. The compression factor threshold for perceiving
differences between the original image and the reconstructed
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image is within the range from 10: 1 to 20: 1 depending on
the original image.

While the JPEG format was developed with the intention of

compressing images, it has proven satisfactory for video
compression. Especially when it comes to video in real time
as it is more efficient computationally than other solutions,
and as MPEG format, it is also useful for editing. However,
the attained compression factor is not very high since it does
not take advantage of the real redundancy between frames.
Once the editing process has been completed, the video can
be converted to a more appropriate format for a higher
compression. [9]

The JPEG format defines four different operating modes:
with no loss, sequential, progressive and hierarchical. The
no-loss coding is based on a spatial algorithm on the pixels
domain. A prediction of the value of a sample is carried out,
considering up to three neighboring samples. Then, the
prediction value is deducted from the actual value, and the
difference is encoded with no loss using the Huffman coding
or the arithmetic coding. The no-loss compression achieves
a compression factor of approximately 2 to 1 as shown in
equation 1.

The other three compression modes are based on DCT. The
sequential scheme can use either Huffman encoding, the
JPEG default option (Sequential baseline scheme) as
arithmetic coding. When the image is reconstructed each
row (8 x 8-pixel blocks), it is decoded from left to right, from
top to the bottom, and it is sequentially presented with all its
accuracy and resolution.

The progressive scheme presents the image in multiple
steps. When the image is immediately decoded, an
approximation of the complete picture is obtained. Quality
is progressively improving until its complete accuracy is
attained. This is ideal for the applications of searching into
images databases or websites exploration. Spectral selection
can be used, as well as successive approximation or both.
The spectral selection encodes the low frequency
coefficients of DCT at the beginning in order to quickly
getting the image. [10] followed by the high frequency
coefficients to add the details.

Successive approximation encodes the most significant bits
of the DCT coefficients, followed by the least significant
bits.

Finally, the hierarchical mode represents an image in
multiple resolutions, for example, if there are three versions
of an image: 512 x 521, 1024 x 1024 and 2048 x 2048, the
images featuring the best resolution are coded as differences
from the smaller image below, requiring fewer bits than it
would need if individually stored.
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Figure 6 Layout of a sequential compressor

Of course, the total number of bits is greater than that
required to store the higher resolution image. Note that
individual images in a hierarchical sequence can be
gradually encoded. Figure 6 shows a schematic diagram of
a sequential compressor.

If the image to be compressed is a color image, the first step
is to convert that color (YCbCr) image because the JPEG
standard does not define a specific color space for the input
image. Thus, it is possible to make some sub-sampling of Cb
and Cr channels. The JPEG standard allows any of the
sampling formats of YCbCr [11]. For the proper
decompression, the header stores information of the vertical
and horizontal sampling factor. Then each color space plane
is discretized into 8 x 8-pixel blocks. In case of an image in
grayscale, the image is discretized without any
preprocessing.

The next step is to perform a shift of the values of
components in each block since DCT produces better values
for compression if original data are focused on zero (0).
Since the original range is from 0 to 255, then by subtracting
128 the new range will be from 128 to 127.

Next, each block is subjected to DCT. Then each block is
quantified considering a quantification table of the attained
quality. Once quantified, the block is traversed in zigzag, to
accumulate the maximum number of zeros at the end of the
running. Afterward, the DC coefficients of blocks are
encoded by DPCM and AC coefficients are coded by RLC.
Right after this first encoding, each set is independently
coded for the second time. In this case, encoding is
performed by an entropy coder of the Huffman coding type,
as it is the only possibility in the baseline sequential scheme
to perform such a process. Once these processes are
completed all the compressed information will be available,
and ready to be stored or transmitted.

To decompress the image, the whole process is simply
reversed. Entropy decoders, RLC decoder, and a DPCM
decoder are used. Blocks are reconstructed, un-quantified,
and anti-transformed and finally the recovered image is
obtained.

S. Application of radiology services and
diagnostic imaging

One of the applications for the results attained of
compressed images is the decreasing of transmission times
according to the available channel capacity. Without
compressing images, the time ranges from 630 milliseconds
to 113 seconds. It is important to point out that in some
places the switched network connection is still used.

In the process of diagnostic of medical imaging the
professional observes a set of images to grant an assertive
diagnosis. It is a mistake to perform these studies or
consultations with just one image; therefore, some studies
consist of a vast number of images that give the advantage
to specialists.

The objective is to minimize the format, which is the study
performed for diagnostic and remote consultation. A large
number of images produced for diagnosis has made its
handling be complicated, especially when they should be
printed and filed. An alternative is the efficient management
of digital images through networked devices that offer a
range of services that support the operation of an area of
Radiology; [12]. Also, the current technology offers
additional features such as: displaying of multiple images on
one screen, image processing to correct or improve them,
voice recording for the computer-aided diagnosis, among
others.
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Table 1 Production of health services, nuclear medicines, polysomnography, audiology test, dermatology test, optmetry
test(Source: District Department of Health, Policy Analysis and Health Services Information System CIP - Bogota, DC

2014).
2 2 & = S g & = Z 3
8 S8 28| 8, | S8 | 8| 28| 5| 8| 8| Ex| EE| 28 S8
52 = 2 z = 28 | EE | EE | SE | 2E | 2E | BE | 25| BE DE | EE
£z 5 o e 2 == 2 2 = 2 =2 R = 2 S .2 = = =2 S sz
[T S o == o = e - = Ea = 9 o= - = o/ <> o (o=
S 2 2% | Sg | 5 | Z2 |- | 5| 5¢ g 2| &S| 28| 38| g%
= 5 = @ o > o = X =
Nuclear
magnetic 3 3 525 114 415 0 2 531 0,79
Nuclear resonance 0,56% | 0,56% | 98,87%
medicine Computerize
d axial 4831 34718 | 22682 | 9440 45223 | 3596 3972 62231 | 2,20
tomography 7,76% | 55,79% | 36,45%
Polysomnograp | Polysomnog
hy raphy 313 0 1 42 271 0 1 314 13,33 99.68% | 0.00% | 032%
Other
audiology 3 0 8 3 8 0 0 11 0,40
Audiology test | tests 27,27% | 0,00% | 72,73%
Audiology
tests 13121 |6 18 880 11950 |24 291 13145 | 5,27 909.82% | 0.05% | 0.14%
. 100,00
g:fmatology Biopsy 198 0 0 18 180 0 0 198 2,78 % | 0.00%| 0.00%
100,00
Cryotherapy | 232 0 0 7 225 0 0 232 3,00 %| 0.00% | 0.00%
. . 100,00
Biometrics 881 0 0 67 814 0 0 881 427 %| 0.00% | 0.00%
Other
Optometry tests | i ometry | 4929 | 0 0 183 |4742 |0 4 4929|522 100,00
tests % | 0,00% | 0,00%
Vision
metrics 9497 1 0 5286 4210 0 2 9498 3,08 99.99% | 0.01% | 0.00%
Abdominal
echography 10108 | 9961 10238 | 4525 22831 | 1743 1208 30307 | 5,90 33.35% | 32.87% | 33.78%
Gynecologic
al 14950 | 10215 |5175 4363 23320 | 1318 1339 30340 | 6,02
echography 49,27% | 33,67% | 17,06%
Obstetric | 65960 13506 [ 8787 | 19399 | 62664 |3956 |3234 |89253 [473
echography ’ 75,02% | 15,13% | 9.,85%
Electroencep
halogram 1014 16 486 172 1261 57 26 1516 3,15 66.89% | 1.06% | 32.06%
Radiology and | Electromyog
diagnostic raphy 6946 36 872 1117 6519 41 177 7854 12,37 88.44% | 0.46% | 11.10%
images Mammograp
hy 10290 |1 8 1428 8851 4 16 10299 | 2,11 99.91% | 0.01% | 0.08%
Fetal
monitoring 1711 31110 15339 11287 34632 1811 430 48160 1,49 3.55% | 64.60% | 31.85%
Other
echographis 33623 | 17664 |24314 | 10880 |57671 |3776 3274 75601 | 6,54 44.47% | 2336% | 32.16%
Special x
rays 570 257 1509 356 1764 88 128 2336 3,00 24.40% | 11.00% | 64.60%
Simple x
rays 211696 | 197612 | 154182 | 73530 | 414629 | 33026 |42305 |563490 | 1,92 37.57% | 35.07% | 27.36%
391.876 | 315.106 | 244.144 | 143.097 | 702.180 | 49.440 | 56.409 | 951.126 41,20% | 33,13% | 25,67%
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Table 2 Production of health services, nuclear medicines, polysomnography, radiology and diagnostic imaging - Network
Attached (Source: District Department of Health, Policy Analysis and Health Services Information System CIP - Bogota,

DC 2014).

' ) > @ @ 4]
g€ | 29| S| 83| 83| 65| .| 8| 5| 25|28 | £
£ | EE| 85 | ES | ES | EZE | EE | S E | 22| E€ | £E8 | £&

ecialized service z = | Es Z = = Zz= Z = S = - = £ s € s
2| g | 22| SE | 24 | S| 8% | r5 | 82| &8& | &g | = %
<2 | <E | 3 <= | <3| <5 | < =& 22 | 25| £

Laparoscopy 30 16 101 56 71 14 6 147 1,53 20.41% | 10,88% | 68.71%
Nuclear magnetic
resonance 694 433 417 472 883 114 75 1544 0,74 44.95% | 28.04% | 27.01%
Axial computerized
tomography 10278 | 31574 | 16078 | 19525 |28360 |5630 4415 57930 | 1,07 17.74% | 54.50% | 27.75%
100,00
Polysomnography 329 0 0 25 267 30 7 329 16,67 % | 0.00% | 0.00%
Other audiology tests 232 0 13 81 145 19 0 245 1,07 94.69% | 0.00% | 531%
Audiology tests 14214 |3 35 3486 6905 221 3640 14252 | 3,69 99.73% | 0.02% | 0.25%
. . 100,00
Biometrics 122 0 0 29 92 1 0 122 1,14 % | 0.00%]| 0.00%
Vision meter 1791 |0 0 1702 |89 |o 0 1791 | 1,07 100,00
’ % | 0,00% | 0,00%
Abdominal echography | 11154 | 13239 | 12263 | 11243 | 19905 | 3766 1742 36656 | 1,61 30.43% | 36.12% | 33.45%
Gynecological
echography 12751 | 12153 | 4827 9680 15665 | 2745 1641 29731 | 2,39 42.89% | 40.88% | 16.24%
Obstetric echography 63634 | 20195 | 8329 31980 | 53016 | 4646 2516 92158 | 2,04 69.05% | 21.91% | 9.04%
Electroencephalogram | 837 5 519 396 891 41 33 1361 1,88 61,50% | 0.37% | 38.13%
Electromyography 9015 0 151 2437 5983 324 422 9166 2,56 98.35% | 0.00% | 1.65%
Mammography 7569 1 46 3103 4317 140 56 7616 0,97 99.38% | 0.01% | 0.60%
Fetal monitoring 1969 28159 | 11539 | 13111 | 26779 | 1254 523 41667 0,76 473% | 67.58% | 27.69%
Other echographies 19110 | 13454 | 11987 | 13794 |[22962 |5115 2680 44551 | 2,77 42.89% | 30.20% | 26.91%
Special x rays 1740 869 1281 1433 1976 296 185 3890 1,31 44.73% | 22.34% | 32.93%
Simple x rays 175330 | 219792 | 141794 | 134388 | 317539 | 46746 | 38243 | 536916 | 1,14 32.66% | 40.94% | 26.41%
330.769 | 339.877 | 209.279 | 246.885 | 505.774 | 71.088 | 56.178 | 879.925 37,59% | 38,63% | 23,78%

6. DX Diagnosis support

There is a summary of the behavior of production in
diagnostic support services tracers of the 22 State Social
Enterprises (ESE) assigned to the District Department of
Health (SDS) between 2011 and 2014. It is presented,
according to information reported by them in compliance
with Decree 2193 of 2004. The data are described
considering the affiliation type of the cared for the
population to the General System of Social Security in
Health (SGSSS), levels of care and total general of the
public network.

It is remarkable to highlight that the information
corresponding to the Non-POSS activities is reported by
hospitals in an aggregate form to the Production of Poor

Uninsured Population (PPNA). The Financial District
Health Fund (FFDs) economically supports this activity.
Fundamental issues include the analysis of the production of
general and specific services of the following activities:
outpatient, emergencies and hospitalization for radiology
and diagnostic images.

Dx diagnostic supports services that are offered in the 22
state owned social enterprises of the SDS network,
specifically nuclear medicine, polysomnography, audiology
tests and radiology and diagnostic images. During 2011,
952.938 activities in all regimes of affiliation were observed,
from them, 373.645 were related to outpatients; 367.033 to
emergency activities and 212.260 for hospitalization
activities. This represents about 39.21%, 38.52% and
22.277% respectively (Table 1).
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In 2012, the production in all affiliate schemes was seen for
diagnostic laparoscopy support, nuclear medicine, radiology
and polysomnography and diagnostic images including
abdominal ultrasound, gynecological ultrasound, obstetrical
ultrasound, electroencephalography, electromyography,
mammography, fetal monitoring, other ultrasound, special
x-rays and x-rays simple. As a result of that, 879.525 of total
activities were registered, from which 330.769 were related
to outpatients, 339.877 to emergency issues, and 209.279
regarding hospitalization activities. This corresponds to
37.59%, 38.63%, and 23.78% respectively.

Likewise, the production in all affiliate schemes for
diagnostic radiology and diagnostic imaging support
(abdominal  ultrasound,  gynecological  ultrasound,
obstetrical ultrasound, electroencephalography,
electromyography, mammography, fetal monitoring, other
ultrasound, X-ray special and X-ray simple were observed
in 2013. A total of 898.387 were registered. From these
339.684 activities were related to outpatients, 321.488 to
emergency activities and 23.215 to hospitalization activities.
Finally, the registers of 2014 were analyzed. For a total of
951.126 activities, 391.876 were related to outpatients,
315.106 to emergency activities and 244.140 to
hospitalization activities (Table 2).

7. Conclusions

The decision making process related to relocation,
optimization, enlargement or reduction of physical
infrastructure, human talent and the existing biomedical
technology, to achieve the maximum possible efficiency in
the use of available resources use, allowing to define the
lines of investment of public resources in physical
infrastructure and equipment, aimed at improving quality of
the supply of health services and technically assess the needs
of health institutions was analyzed.

Moreover, the process of image compression for the
Discrete Cosine Transform (DCT) provides the information
required to guide the application of technical criteria.
Meanwhile, this enhances the definition of scenarios
allowing to model the behavior of supply and demand,
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according to the redistribution of services and resources
among the different institutions making up each network.

The behavior of reconstructed images of the compression
system both objectively and subjectively was observed, to
get bigger rates than those supported by the uncompressed
methods. This is due to the features of results obtained
through the discrete cosine transform (DCT) which
generates coefficients correlated to concentrate the
important image information in some coefficients. This
advantage permitted to increase the elimination threshold,
and the compression ratio started to be varied.
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