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INTRODUCTION

Automated processing of medical images and signals in Medical Information
System is currently an important issue in state policy of developing and also in
develop country due to the fast develop of variety of imaging modalities, and
computational facility based on current network technology in the hospitals.
Diagnosis of doctor has the involvement of using the medical image and clinical
data of the patient. But still, test samples and results related data are largely
managed by non-standardized paper-based systems and manual entry methods. The
treatment data of patients and diagnosed image in the hospital have been managed in
the separated system and it still has not fully and timely provided to the physician in
the hospital.

The Electronic Health Record (EHR) in the hospital in developing countries is
still lacking although, we realized that it is extremely important in medicine, more
than in any other field, that the accuracy is comparable to experts. Diagnoses that are
incorrect, or other diagnoses which are missed, may result in serious consequences
for the patients. HIS provides support to medical personnel to improve the reliability
and quality of treatment

Laboratory Information System (LIS), dealing with the requirement of
laboratory and pathology departments, provides interfaces to the various instruments
used to assess chemistry, hematology, immunology, microbiology, genetic and other
histopathologic markers. The use of LIS has now become the standard of Medical
Diagnosis Laboratory (MDL) activity, with MDLs using a variety of automated
information systems.

In particular, a focus on Medical Diagnosis Laboratory (MDL) and Picture
Archiving and Communication System (PACS) has been developed for medical
diagnosis. PACS which is an evolving health care technology for the short and long
term storage, presentation and distribution of medical images. MDL occupies a large
part of the structure of diagnostic research, both in the quantity of research and the
clinical importance of test results — which are an important source of diagnostic
information for modern medical diagnostic processes. According to world statistics,
In previous decades the quantity of performed clinical laboratory tests and their
diagnostic importance exponentially increased — and continues to increase.

Specific functions attributed to RIS include scheduling, patient and imaging
study management (e.g., study tracking), and reporting (e.g., dictation support,
review or previous study results). A distinguishing aspect of RIS vs. PACS is that
the former is typically constrained to non-imaging data, whereas PACS is primarily
concerned with the storage and manipulating of the imaging data. The most
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important role of PACS is to integrate imaging modalities and interfaces with
hospital and departmental information systems to manage the storage and
distribution of images to radiologists, physicians, specialists, clinics, and imaging
centers. A crucial advantage in PACS is to provide an efficient search function to
access desired images.

In this dissertation, comprehensive investigations were carried out in order to
solve the above remained problems by using the theory of developing and
integrating of the subsystem in the Medical Information System, theory for
constructing the medical image database, Data mining of Knowledge Discovery in
Database theory to supply the information support the decision and possibilities of
modern software technologies.

GENERAL DESCRIPTION OF THE WORK
Communication of the work with scientific programs (projects), topics

The results of the dissertation are obtained within investigations carried out at
the Department of Information Management Systems, Faculty of Applied
Mathematics and Computer Science, Belarusian State University (BSU), in
accordance with:

Scientific and Technical programs of the Republic of Belarus:

— Topic 1.7.04 “Development of theoretical foundations and technologies for
building computer systems for data mining based on pattern recognition and image
analysis”, State Program of Scientific Research “Computer science, space and
security”, subprogram “Computer science and space research”, 2016-2018, State
registration Ne 20161303.

— Topic 1.1.17 “Development of theoretical foundations and technologies for
data mining based on machine learning and recognition methods” of the State
program of scientific research “Informatics, space and security”, Subprogram
“Informatics and space research”, 2019-2020, State registration Ne 20190683.

The purpose and objectives of the research

The purpose of the dissertation research is developing the structure models,
algorithms and technology for building the integrated medical information systems.

To achieve the dissertation’s purpose, the following tasks are stated and
realized:

1. To analyse the existing situation of Electronic Health Record in hospitals
and underline what should be improved. To identify the current isolated subsystems
that should be integrated into Medical Information Systems.
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2. To develop an algorithm for improving the quality of image retrieval which
satisfy the condition that almost all the retrieved image results are relevant to the
query images.

3. To develop an algorithm to detect the Pitch Marker (PM) by accumulating
signal according to its geometric characteristics in the process of speech synthesis.

4. To develop a technology for combining the Image Retrieval System with
the Picture Archiving and Communication System.

5. To develop a Telemedicine Platform using web services technology and
grid services provided by gLite middleware.

The object of the research: Integrated medical information systems.

The subject of the research: Structure models and integration of
subsystems for building the integrated medical information systems, algorithms of
image retrieval and algorithms of speech synthesis in order to support doctors in
diagnosis.

Scientific novelty

In this dissertation, the following new results have been obtained:

1. New Efficient Manifold Ranking Algorithm using low-level features
normalized by 3c-opt. It allows improving the accuracy in the query result of Image
Retrieval System.

It is different from existed one by normalizing of low-level features and
constructing a Fuzzy C-Means anchor graph on the data set to enhance the
computational speed of manifold ranking.

2. New cumulative signal method and algorithms for speech synthesis that
allows locating the pitch marker (PM) of the voice wave.

It is different from existed one by using only simple preprocessing steps on
the set of the peaks of the cumulative signals, estimate PM points without estimation
step for FO values, and synthesize the FO curve of Vietnamese syllables based on
Xu's qTA tone performance.

3. New technology for combining the Image Retrieval system with Picture
Archiving and Communication System that allows radiologist improving
interpretation of rare abnormalities and determining a diagnosis in shorter time.

It is different from existing ones by fully accessing and using a large image
database of PACS to find similar images in existed cases with patient and diagnosis
data. It is an important image classification issue for automated processing of
medical images to detect of lesions and also for differential diagnosis in the
integrated medical information systems of hospitals.
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4. New Telemedicine Platform that allows doctors using telemedicine
environment to manage and share patient’s information; such as electronic medical
record and medical images between remote hospitals.

This platform is different from existed ones by using web services technology
and grid services provided by gLite middleware and its AMGA metadata service.

Claims of the dissertation

1. The new Effectiveness Manifold Ranking algorithm ensures the accuracy
of relevant images of diagnostic image query results. The algorithm assists in
suggesting of many similar cases and assists radiologist to improve interpretation of
rare abnormalities and help in determining diagnosis.

2. The Algorithms for speech synthesis process to enhance radiology report
of radiologist in the hospital. It determines the Pitch Marker of the original speech
signal based on its accumulative signals, and estimation quantitative Target
Approximation Vectors (QTAVs) of one and two-syllable tones.

3. The technology for combining Image Retrieval System with Picture
Archiving and Communication System. This allows radiologist to find similar
Images from a large imaging archive in the database of PACS. It potentially assists
in the diagnosis of many similar cases, and evidence supplied by the similar cases
supports the radiologist to improve interpretation of rare abnormalities and helps in
determining a diagnosis.

4. The Platform was built upon the gLite middleware and particularly the
metadata catalogue AMGA as well as GridSphere web portal. This platform for the
secure management and analysis of medical data and images in a grid environment
enabled providing the doctors new Telemedicine services in order to improve their
collaboration capabilities. It provides doctors the capacity to upload and query
medical image and clinical data stored over distributed servers.

Personal Contribution of the author

The dissertation is based on the results of the author's scientific investigation
carried out at the Department of Information Management Systems, BSU. The
scientific supervisor, Doctor of Technical Sciences, Professor, Academician of
Academy of Science of Belarus Ablameyko Sergey Vladimirovich participated in
the problem statement and discussions of approaches to the problem solution. In
joint publications, the results were obtained personally by the author of the
dissertation.
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Approbation of the results and information about implementation

The main scientific and practical results of the dissertation were reported and
discussed at the following international conferences:

The 3™ EGEE User Forum (Clermont Ferrand, France, 2008). The 1% Asian
Winter School on Information and Knowledge Engineering (Ba Ria - Vung Tau,
Vietnam, 2014); The 15" International Conferences on Pattern Recognition and
Information Processing (Minsk, 2016); The International Symposium Neural
Networks (Minsk, 2018); The 3™ Vietnam Conference on Medical Physics (Ho Chi
Minh, Vietnam, 2018).

The Picture Archiving and Communication, Telemedicine and Hospital
Information System implemented for research and education in Biomedical
Informatics Center at Binh Duong University.

The system includes a medical digital image database with semantically
structured data, a mechanism to search medical image in a database, and service
functions with a unified interface. The system was successfully developed and used
nowadays in Global Human Resource Solution Co., Ltd., as well as medical
diagnosis courses of higher education school in Vietnam.

Publication of the results

The main results of the dissertation were published in 23 scientific works,
including 11 papers in reviewed scientific journals (total volume of 5,72 copyright
sheet) in accordance with item 18 of the “Statute on the Awarding of Academic
Degrees and Conferring Academic Ranks in the Republic of Belarus™”, 12 papers in
proceedings of scientific conferences.

The structure and volume of the dissertation

The dissertation consists of the list of abbreviations, the introduction, the
overview of the dissertation study, 4 chapters, the conclusion, and the bibliography.
The total volume of the dissertation is 130 pages, including 57 illustrations on 14
pages, 6 tables on 3 pages, the list of 125 references comprising printed works of the
author on 13 pages.

MAIN CONTENT OF THE DISSERTATION

Chapter 1 describes the overview of E-Health and considers the main
problems in using IT for automated processing of medical images and signals in the
hospital. It analyzes the achievements of the new technologies to analyze and detect
the weaknesses that still exist in medicine and need to be overcome to increase the
efficiency in using information technologies for the health environment.
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In addition to the patient information management functions in the hospital,
new technologies such as lab test equipment and new modalities have been
introduced into the hospital, but they have not shared their resources into hospital
information systems. Property of the new environment and peculiarities of
integrated medical information systems are determined on the basis of the analysis
of the existing studies (figure 1). It has been shown that the traditional method
which doctors using LIS, RIS, PACS and technologies could not overcome the
emerged contradictions. Traditionally, the subsystems are separately controlled by
each department, therefore the integration of the subsystems should be considered.
The regulation of data transmission between PACS and RIS/HIS were described
which include workstation emulation, database-to-database transfer and interface
engine. Based on these official regulations and the integrated hospital information
systems is proposed A new approach to the building of the automated processing of
medical images is proposed. The approach is based on relevant images system as a
form of representing medical diagnosis knowledge, the relevance of which is
confirmed by the contents of sources and feedback estimates

External sources HIS Hospital
of information  [€—> > departments
A
4
\ 2 Y
LIS RIS | MERR
A A
\ 4 Tele
’ <—>| radiology
Y A2 2 L4 Y v
Bio - Hema - Immu - Sero - Microscope PACS < Image
[ > Retrieval
chemistry tology nology logy Controller > etrieval
System

Figure 1. — General scheme of PACS/ RIS and IRS, Tele-radiology integration

A task for the development of computer technology for automated processing
of medical images and signals is stated. The technology should include the
construction of 1) Structure models of subsystems in the Hospital Information
System; 2) An integrated environment structure for implementing the automated
processing of medical images and signals; and 3) The algorithms and software to
support the decision of doctor in diagnosis at the radiology department and at the
PACS workstations in the hospital.
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Chapter 2 is devoted the algorithms to improve accuracy of Content-Based
Image Retrieval (CBIR). CBIR is one important task to support computer-aided
medical image analytics. CBIR is integrated into networked radiology environment
based on PACS/RIS/HIS/Tele-radiology systems.

CBIR (figure 2) can greatly help to retrieve useful information within
enormous amount of medical images. For a new medical image to be analyzed, a
CBIR system can first retrieve visually similar images in an existing database. Then,
its high-level descriptions and interpretations can be explored based on the retrieved
Images. Image retrieval systems require the inclusion of descriptive information
about color, texture, and shape feature at the same time. Each visual feature vector
extracted from an image has the numerical components which belong to different
intervals. The Efficient Manifold Ranking (EMR) framework is used in image
retrieval to rank images of an image database by an image query. EMR algorithm
firstly builds a weighted graph for all the data points in the feature space. The data
points are inside or outside the feature database with an assumption that it has
relative weights with nearby anchor point. In order to rank the images by image
queries, firstly the queries are assigned a positive ranking while the remaining data
points are assigned with zero. Then, all the data points spread their ranking scores to
their neighbors via the weighted graph. This spreading process will repeat until a
global stable state is reached, and all data points of the image database will have
their own scores according to ranking by the queries.
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Figure 2. — A generic CBIR Framework

When combining multiple representational features for images to rank the
image database by EMR, the distance between feature data points have to be
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calculated. Low-level features that utilized in the EMR need a normalization
technique while computing the weight of each edge in the graph to raise the
accuracy of the ranking results. After normalizing of all components, normalized
feature vectors belong to the same interval, namely the [0, 1]. So, we proposed a
novel non-Gaussian feature normalization method to enhance the performance of
manifold ranking algorithm EMR and its application in Content Based Image
Retrieval system.

Next, we give the definition of proposed 3c-opt normalization operator with
optimal parameters in the details.

Definition:
Let x={x, } vi<t<T be an input feature vector of tuple t" with m, dimension
(for convenience, we already denoted x; by X).
The 3c-opt normalization vector of vector x is a new vector x™m = {xi"fjrm}ildefined

by:
o X = Vie X; =Vie.j T
o e pa B o i ®

t.c,j t,c,j

where a,,: and by are two coefficients that satisfy:

O0<ag<1l-05<by<05
(Qopts bopt) Is the optimized solution under the constraint of the objective function
F¢(a,b) where

F(a,b) = 1+[(§n: > (ad,, ; +b) ](n*dimEt)lJ + 2

i=L 1< j<dimE, ; Aady ; j+be[-L1]

+#|jeldimE)m{ieln/ad,, +be[-11]}>n*a,,} - min
and C is the desired cluster number of feature vectors {Eﬁ}K of tuple t* by using

the FCM clustering algorithm, VtCJ (1 <t<T,1<c<C,1<j<mt) is the component

j™ of the clusters center c¢" which obtained by FCM for (B} and

oicj (Ist <Tl<c <C, 1 <j <mt) is the standard deviation of component j" of
feature vector of tuple t* for cluster ¢, aio; (1st < T,lsc <C, 1< j< mt) is
calculated by:

def n 2 n
V:I'S J Smt’ Gt,c,j :\/chp,i(Et,i,j _Vt,c,j) /an _\/(Zntm( t,i J) /ZntCI) tC] (3)

cef E .~V E .~V — —
d,; | =min{"—“"}+max{"—“"}, t=1T,i=1ln,j=Ldim(E) (4
o 1<e<C 30 1<c<C 30,

t,C,j t.c,j
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ooit€(0, 1) is the threshold for the number of elements of the feature vector
component j" of the database E={E,}, which fall out of [-1, 1].

According to the 3c-opt normalization operator above, we propose two
algorithms as the following. The first algorithm is for normalization the feature
vectors and clustering of the database image before applying the similarity measure
in manifold ranking of CBIR:

Algorithm 1 Normalization of feature vectors and Clustering for image database

Input: The database {E } _of tuple t™ of feature vectors (1<t < T), the desired

i) 1<

cluster number C = C (t) eN",C>2,m, =dim(E,), Vi =1,n. Percentage thresholds
falling out [-1, 1] after normalizing: Aoy -
Output: The database{g)>"} of normalized feature vectors where most of

1<i<n

component j™ of the tuple t" {Eﬂ”m}mm are in the interval [0, 1], the center vectors
v, of cluters, {5, |

t,c }Kcsct ) 1<e<c, A<j<m,

, the optimal parameters aqp; and by, 0f 3c-0pt.

Step 1: Do FCM (C,, p,)({E.,.}

the membership matrix.
Step 2: Calculate{o, | according to formula (3).

1<c<C, 1< j<m,
Step 3: Calculate{d, . j}KCSCvKM
Step 4: Solve F(a,b) »>min with ae (0, 1) and be [-0.5, 0.5] where F(a,b)
determined by formula (2) as the following sub steps:
4.1: Start a=(C +1) ", b=0.
4.2: Repeat, change a and b such that F(a,b) reaches the approximate value of
the idea smallest value .
4.3: Stop, obtain ag, = a and by = b.
Step 5: Normalization in [-1, 1]:
Repeat to each tuple t" of each feature vector E.i:
5.1: Repeat with each component j" of E. J :1,_mt and calculate
Er""according to formula (2).
5.2: Normalize in [0, 1] (to apply for CBIR):
max {E",—1} +1 }
A

, obtain the center vectors{vtvc}ciland

1<i<n;A<t<T )

according to formula (4).

i

2

Calculate g/ = min{

Return: {E™ |, {V,.}

©J1<e<c,’ {O-I’Cvj}gcsct,gjsm[ » Bopt and bopt-
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Based on Algorithm 1, we proposed Algorithm 2 to modify the original EMR
algorithm for ranking the relevant images in Image Retrieval as follows:

Algorithm 2 Efficient Manifold Ranking with normalization of low-level features
by 3c-opt

Input:  normalized  vectors{E‘"} ,  cluster  centers{V

1<t<T lsis<n tc }JstsT A<c<C, '

{atvcyj}mgmq’lgmand params{a }..... .{b }.r Optimized by objective functions

F«(a,b). Q ={Qt }ng . feature vectors of the query image. nA: the number of anchors
for EMR, parametera € (0, 1) (a= 1).
Output: r ={r}__,r €[0,1]vi=1n the similar values of E; ranked by Q.

1<i<n ' i

Step 1. (offline step), do EMR for{E"""} with nA anchors we obtain the

1<t<T ,I<i<n

weighted matrix Z with size of nA x n, the adjacent matrix W is calculated by

def
W= (Wij)Ki,anH’W =2'Z » Wiy = Z Zyi *ij,léi, j<n+l

keNb(i,s)~Nb(,s)
and the cluster center matrix aLandMark with nA feature vectors of m dimension,

where m=Ydim(E,,).

Step 2: Put Q™™ = {QtN"”“ }M where Q™ are calculated by

Q. -V, Q .~V -
NOI’m t, ] t,C,J t!J t'C'J —
_at{mﬂg{ 30 +r]2ca§%( 30, . +bt’vj =L

t,c,j

max{Q™™, -1t +1
and then Q“°”“_min{ {Q” } ,1}

2

Step 3: Extending the matrix Z to obtain a new matrix Zq with size of nA x (n+1).

K ”El_Ak”
dS

[Ei- qu
|E’\§(l s) ( ds

Step 4: Put r, ={r} r=0vi=1n,r_=10.

iJi<i<n+1'i 1 n+l

7=

vk e Nb(i,s), z,; = 0¥k & Nb(i,s)

(Zki ):Iskgc J<i<n+1’ Zki =

Using the matrix Zq, do EMR to obtain r, and normalize r, to [0, 1].
Return: r={r; }....
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Experiments in image retrieval with large image databases that are widely
used in Image Retrieval such as the datasets based on the visual evaluation and
objective estimation index, have proved the effectiveness of the similarity ranking of
the EMR-3c-opt. Experiments show the effectiveness of the proposed algorithm for
the EMR and the CBIR quality is really improved.

The Multimedia Enhanced Radiology Report of radiologist is realized and
used in the hospital. For speech synthesis, we propose three algorithms, the first
algorithm to determine the pitch markers of the original speech signal based on its
cumulative signal. The approach in the first algorithm is simple, with no need to
divide a voiced segment into short segments (frames) as other approaches, yet still
achieving high accuracy. With the Vietnamese speech data of the lexical tones and
phonetics tested (the full coverage of the Vietnamese phonetics was included), the
results of calculating the pitch markers according to our new approach was proved to
be correct.

The second and third algorithms for generating F, trajectories of
one-syllable tone and two-syllable tones. Lastly we describe here the third algorithm
for Estimating gTAVs as follows:

Algorithm Estimating quantitative Target Approximation Vectors (qTAVs) of
two-syllable tones

Input: Given Fy trajectories {fol(t)} ; and {foz(t)} ; of two-syllable tones tn; and

1<t< T,<t<
tn, respectively.
Parameters: @ ={m, Qy, Q,, first, last,5,y, Knin, Kmax | M >0, Q1, Q2 € N, 0 < Kpin<
Kmax <1, 8> 0, y> 0},
Output: qTAVs v, ,v, ,and anew F, generated{ foz'”ew(t)}

tn, * Vin, ! I<t<T,

Step 1: Calculate T, by formula (1), f_oz(t) t :ﬁ by formula
f_oz(t)dif (1-tanh(m*(t-T,))) fo (T)) + tanh(m*(t —T,)) * f/(T,) vVt e (T,,T,),
Step 2: Calculate Vi, :V,, =SPTF, ({ fol(t)}t:ml )
where @, ={ Qq, first, last, £, 7, Kmin, Kmax}-
Step 3: Calculate v, :v,, =SPTF, ({f_oz(t +T, —1)}t=1’T3_TC_1),

*Vin,

where @, ={ Qy, first, last, S, y , Kmin, Kmax}-
Step 4 (optional step): Calculate { f2new (t)}

1<t<T, '
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fy @) = NAN : ™ (t) =a, *t+b, +(K,) Py O),t=1T,
fy(t) = NAN :t'=t-T_+1, f?"™"(t) =a, *t'+b, +(k,) P, t).t=T,T,
Return: v, ,Vv { fomev (t)}

tn, ' Ttny ! 1<t<T,

The experiments also show the effectiveness of the proposed algorithm when
generating the F, trajectories of two-syllable tones with complex shapes in
Vietnamese language. The F, trajectory generating algorithm by gTA vectors is
highly generalized, so in our next studies we will expand the results to generate for
multi syllable tones (more than two).

Chapter 3 addresses problems existed in the environment of the hospital with
separated of the subsystems PACS/ RIS/ LIS/ Tele-radiology.

This chapter explained the basis structures of the subsystems of HIS and
proposed the solutions and structure models for solving the problems of how to
improve the quality of automated processing of medical images and signals in the
radiology and clinical department, and then how to expand it to the global
community of the hospitals by using Telemedicine Platform. They were described as
the following. The architecture of Hospital Information System and the ER -
diagram of LIS are proposed. Testing results from LIS support the radiologist and
physician in making diagnosis by adding more information of patient, especially in
almost the emergency case. The structure model of PACS core is proposed. Base on
the proposed criteria and selected solution for developing the medical image
database, it provides the image which was collected from modalities to the doctors
for making diagnosis. The structure model for integrating Teleradiology with PACS
Is proposed, which ensures synchronization of medical image and report interaction
between image database servers, workstation displays at the hospital. The general
scheme includes all departments of the hospital network. PACS/RIS/LIS handle
local radiology storage and workflow management while teleradiology addresses
remote access to image. The above integration supports complete site radiology
workflow for attending physician, whether on-site or remote ones.

The technology for combining the Image Retrieval System (IRS) with PACS
Is proposed. This proposed solution creates more effectiveness to the Image
Retrieval System, due to the accurate image-based diagnosis depends on the quality
of both the image acquisition and the image interpretation. These images have been
participated not only in diagnostic methods but also in treatments using image-
guided methods. With the integrated environment of PACS/ RIS/ HIS, once the IRS
finds related image, radiological report and medical records of these images are
retrieved and provided to the radiologist. This feature allows radiologist to use of
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previous cases diagnosis in order to increase doctor diagnostic accuracy. The feature
Is also valuable for training radiologists.

The Telemedicine platform based on the gLite middleware is proposed. AMGA
administers medical data and images (figure 3). That platform gives physicians an
easy method to use telemedicine environment to manage and share patient’s
information (such as electronic health record, images in DICOM format) between
remote locations (figure 4). In the discussion, we proposed to consider perspective
of network architecture based on state-of-the art wireless technology and the
analysis of recent satellite based telemedicine network. This can open new practice
options for radiologist on a local, regional and cross-country level and provide a
vehicle for implementing governmental initiatives to better utilize radiology services
over large area
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Figure 3. — Medical data and image management inside a hospital
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Chapter 4 describes the composition of software and methods of its use and
provides some results obtained in when implementing the integrated HIS/ RIS/
PACS/ Teleradiology and automated processing of medical images and signals in
the Vietnam hospitals. (figure 5). There are three additional problems for effective
deployment and using medical image database and EMR in the hospital: 1) Identify
the new working process and normalized flow chart to apply computer-aided
diagnosis from registration department and emergency room, radiology department
and at other departments in a hospital. 2) Training for radiologist and physician for
all departments how to use all application software of computer-aided diagnosis
system. 3) Train IT engineer for control and manage the system and support a
physician using and maintenance the system. It is proposed that the first principle in
designing the PACS system architecture is to maximize the use of existing industry
standards to fit the entire PACS design scheme, which also means minimizing
design software for users. Moreover, the use of both hardware and software
standards will increase the ability to upgrade changes to the system.

Qﬂ QUAN LY THONG TIN PACS BVDK BINH DUONG o
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Figure 5. — The software for management and tracking paptient’s data

In order to PACS system to be an open system, the following requirements
have to satisfied: If two modules of PACS system in the same hospital cannot be
communicated, they become the isolated ones and each module having patient
information is separate. Transfer data from this PACS module should be established
to other PACS modules. Format of data and image must be used correctly;
Computer protocol must also be a standard protocol.

Based on these requirements, this chapter also described the main components
of the storage and transmission images system, the detail as follows:
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The first component is the Gateway. It is implemented for receiving image
and data from modalities and sending image to the image database. We used
dcmd4chee, Java JDK 1.6, Net framework 2.

The second component is the Storage server. it is implemented for building an
Image database by using Linux CentOS. 5.5, Oracle Standard Express 10g Version
10.2.0.0 for DBMS of medical image database server and controller PACS is built
for managing the processes of PACS by using PACS API, interface with RIS, HIS,
LIS, Teleradiology and CBIR.- The third component is the Application server and
Web server. They were built to communicate client-server by using Apache 2.2.14
with programming language PHP 5.3.1. The fourth component is the Workstation
displays. They were used at Radiology department and Clinics by using the
application software for medical Diagnosis including CBIR.

The fifth component is the Network system. It was developed to connect all the
components.

The figure 6 shown the software implemented the necessary functions to assist
the physician to diagnose such as the extracted patient information, search, view
detailed photos/video of patient diagnosis. Moreover, the software also supports
operations change of the image size, image change direction, increase or decrease
the contrast, changing the light/dark, Hounsfield (HU) factor analysis, measuring the
size of the damaged region, recording results and conclusions.
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Figure 6. — Specialized software for medical image filtering and visualization
New perspectives in both data storage and distribution have also been brought
forward due to the emergence of new paradigms, such as GRID, peer to peer, and
cloud computing.
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Hospital Open Software Platform for E-Health has exploited a large number
of resources, providing a set of tools in which help the doctors to share easily
medical data and resources. Through this shared resources, the experts and the
researchers with their high experiences will have fully time to analyze, compare the
information with each other. It will help them to diagnose and anticipate the results
In treating quickly and exactly.

Final part of the chapter provides case study of PACS Server and PACS
Gateway, which have been implemented at Pham Ngoc Thach Hospital to carry out
the Tuberculosis Prevention Program of HCM City Public Health Association
(figure 7). In order to use Imaged-based Medical Diagnosis support medical image
analysis at radiology department for tuberculosis prevention and monitoring of lung
cancer.

Figure 7. — A case of a lungs CT archived in the database of
Tuberculosis Prevention Program
We have shown some illustrations to deploy the system based on the general
scheme in the hospital. The integrated environment of medical image and clinical
data management were created. It supports radiologist to use the output from a
computerized understanding of medical image as assistance in detecting lesions and
in making a diagnostic decision.
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CONCLUSION
Main scientific results of the dissertation

In this investigation, we received the following main research results:

1. Developed Algorithm 3c-opt normalization operator with  optimal
parameters and Algorithm EMR-3c-opt to modify and enhance the performance of
the Effective Manifold Ranking Algorithm and its application in Content Based
Image Retrieval system to ensures the accuracy of relevant images of diagnostic
Image query results. This assists in suggesting of many similar cases and assists
radiologist to improve interpretation of rare abnormalities and help in determining
diagnosis [8; 10; 13; 19; 20; 21].

2. Developed Algorithms which determined the Pitch Marker of the original
speech signal base on its accumulative signal, the indirect Pitch Marker method
without of dividing a voice segment into the frames and the Algorithm for
estimation quantitative Target Approximation Vectors (QTAVS) of one and two-
syllable tones [3; 8; 9; 11; 22].

3. Developed technology for combining the Image Retrieval system (IRS)
with Picture Archiving and Communication System (PACS). This allows radiologist
to find similar images from a large imaging archive in the database of PACS. It
potentially assists in the diagnosis of many similar cases, and evidence supplied by
the similar cases support the radiologist to improve interpretation of rare
abnormalities and helps in determining a diagnosis [1; 2; 4; 9; 12; 13; 17; 18].

4. Developed Telemedicine Platform which offers the physicians new
telemedicine services in order to improve their collaboration capabilities. It provides
to doctors the capacity to upload and query medical image and clinical data stored
over distributed servers. It was developed base on the gLite middleware and
particularly the metadata AMGA as well as GridSphere web portal system [5; 6; 7;
11; 14; 15; 16; 23].

Recommendations for the practical use of the results

Theoretical and technological results obtained in the thesis can be used to
realize the integrated medical information system. This helps the doctor to make an
accurate diagnosis and effective treatment. The results of this work were applied and
implemented in the development of systems, as described in the certificate from the
company, and are also used in the educational process, as indicated in the document
from Binh Duong University.
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PO3IOMD
dao Ban Tyuer

AJIrapbITMBI i TAXHAJIOTisl Ma0yA0BbI
IHT3TrpaBaHbIX MeAbINBIHCKIX iHPapMaNBIHHBIX CICTIM

KuawuaBbist cj0BbI: AYyTaMarbl3aBaHasl anpamoyka, IOIIYK MAaJoHKay,
MeabIIBIHCKISA BIABEI 1 cirHanbel, EHR, LIS, RIS, PACS, Telemedicine.

MbsTa nmpanmbl: Pacripaiioyka cTpyKTypHBIX MadJIsTy, aJirapbiTMay 1 TOXHAJIOT11
naOyJ0Bbl 1HTATpaBaHail MebIIbIHCKAN 1H(papMalblitHail cicTambl. [laaTpeiMiiBae
ayTamaThI3aBaHyIO anparoyKy MalIOHKay 1 CITHaJay y IHTArpaBaHail acsapomm3i
MEJIBIIBIHCKAH 1H(hapMaIlbli 1 MaTIOHKAY .

Meraasl fgacienaBaHHA | BbIKapbiCTaHas amaparypa: TXHaorisd
AJNIEKTPOHHAra axoBbl 37apoys, [HdapMaubliiHBISL TIXHAJIOTI § axoBe 34apoys,
Tr0peist ayTamaThluHAN anpanoyKi MEABIIBIHCKIX MaJIOHKay 1 cirHayiay, Tropblst
MparpaMHbIX TIXHAJIOTIH 1 ajlrapbIT™May .

ATpbIMaHbIf BbIHiKI i1 iX HaBi3Ha: [la0ynaBaHbl HACTYIHBIS AITapbITMBI:
aJIrapbITMbl MABBIIIPHHA JaKiaJHACcll MOLIYKY MaJIOHKAy, alrapbITMbl CIHTI3y
raBOpKi TaHaJIbHail MOBBI. PacnpaniaBanbl HOBBIS MafdJli, CTPYKTYpPhI, aJIrapbITMbI 1
ToxHanoriss mnadbygoBel  sapa PACS 1 cicToMBl  MOUIYKYy MalllOHKay ISt
ayTamaTbl3aBaHall anparoyki MeAbIIBIHCKIX MaitoHkay. [IparnanaBaHast TOXHAIOTIS
a0'sHaHHS CICTAMBI NOLIYKY MaltoHKay y cictamy PACS st BeikapbicTaHHS 6a3bl
naazenbix DICOM. flna maTiHIbIiHA JamaMarae CTaBilb JbISITHA3bl Y MHOTIX
nagoOHbIX BblMagkax. [IpanmanaBana margopmMa TANEeMeIbIIbIHbI A1 KipaBaHHS 1
aOMeHy MebIUBIHCKIMI Aaa3eHbiMl 1 MaimoHkami. Ilmardopma BbikapbicTOYBae
TAXHAJIOTIIO0 B30-CIpBIcay 1 IpbIA-COpBicay, siKas MpajcTayiselnia MnparpaMHbIM
3a0ecnsiusHHEM glite 1 copBicam meTtaaan3eHsix AMGA glite.

ATpbpIMaHbll ~ TIApPATHIYHBISL 1  TOXHAJAriuHbIl  BBIHIKI  /1a3BajSIOLb
pacnpanoyHiKy cTBapallb HeAaparis, HpOCTbI ¥ BBIKApbICTAHHI CICTAMBI, AKIs
3a0screyBarolb XYyTKYIO JaKJIaJHacllb 1 MacaBa€ BBIKAphICTAHHE MaJlIOHKAy 1
raBOPKI ¥ BISTHOCTBILIBL.

Pakamenpanbli ma  BbIKapbiCTaHHi:  PacnpamaBaHae — mparpamsae
3a0ecnsiusHHE MOXa ObIlb BBIKApbICTaHA JJSI CTBAPAHHS CICTOM, Y SIKIX
BBIKAPBICTOYBAIOII]A  CITHANBl 1  MAaJIOHKI 8 TAATPBIMKI  TPBIHSIISA
JBIATHACTBIYHBIX PAIISHHAY ypau-pIHTIeHOIaraM ¥ po3HbIX raliHaX MEIbIIbIHBI.

Bobaacub y:xbiBanHsi: [Ipancraynensis BbIHIKI YKapaHEHbI ¥ HEKaTOPbIX
OanbHilax B'eTHama, a Takcama Ha TpaHiHTrax ¥ yHiBepcitaue bin JlyoHr.
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PE3IOME
dao Ban Tyuer

AJ'IFOpI/ITMbI H TEXHOJIOI'USA IMMOCTPOCHUSA
HHTEIrPUPOBAHHBIX MCAHIIMHCKHUX I/IH(l)OpMaIII/IOHHbIX CUCTEM

KiroueBbie ciioBa: ABTOMaTH3MPOBAaHHAs 00pabOTKa, MOUCK U300paKeHU,
MeIMIMHCKHE n300paxenus u currainsl, JIMC, PUC, CAIIH, Telemedicine.

Hear pabGorbl: Pa3paboTka CTPYKTYpHBIX MOJENEH, QJIrOPUTMOB U
TEXHOJIOTMM TIOCTPOEHUS MHTETPUPOBAHHOM MEIWLIMHCKOW HWH()OpMaIMOHHOU
cuctembl. [lognepkuBaeTr aBTOMATH3MPOBAHHYIO 00pabOTKy H300pakeHUH W
CUTHAJIOB B UHTEIPUPOBAHHOM cpeie METUITMHCKOM HH(OPMALIUU U N300paKeHUH .

Metoabt HCC/IEe0BAHUSA U HCIO0JIb30BAHHAA anmaparypa:
NHdopManmoHHble TEXHOJOTUH B 3JpAaBOOXpPAaHEHUHU, Teopusi aBTOMaTHYECKOH
00pabOTKN MEIULIMUHCKUX U300paXeHU U CUTHANIOB, [IporpaMMHbIe TEXHOJIOTUU U
AT OPUTMBL.

ITosrydyenHnbie pesyiabTaThl M HX HOBHM3HA. llocTpoeHsl criepyromue
QJITOPUTMBIL: AJITOPUTMBI MOBBILIEHUSI TOYHOCTU MOUCKA W300paK€HUH, alrOPUTMbL
CHUHTE3a pEeYd TOHAIBHOIO s3bIKa. Pa3paboTaHbl HOBBIE MOJEIM CTPYKTYpHI,
anroput™Mbl M TexHoiorus mnoctpoeHus sapa CAIIM wm  cuctemsl mnowucka
M300paXeHUH Ui aBTOMAaTU3UPOBAHHOW 00pabOTKM MEAMIMHCKUX H300pa’keHU.
[IpennoxkeHa TEXHOJIOTUSI OObEIMHEHUSI CUCTEMBI MTOMCKA U300paKEHUN B CUCTEMY
CAIIN nns  ucnons3oBaHus 0a3pl  gaHHbIX  u3o0paxkenuit DICOM. Omna
MOTEHI[MANIBHO IOMOraeT CTaBUTh JUArHo3bl BO MHOTHUX CXOXKHX CIy4asx.
[Ipepnoxkena miarpopma TelNeMENULMHBl Ui yOpaBlIeHUS W oOMeHa
MEIUIMHCKUMU JaHHBIMH U U300paxkeHusMu. [Inatdopma ucnosb3yer TeXHOIOTHIO
BE0-CEPBUCOB M I'PUJI-CEPBUCOB, MPEJOCTABISIEMYIO NMPOTPAMMHBIM O0ECIIEYEHUEM
glite u cepeucoM MetaganHeix AMGA gLite.

[losyyeHHBIE TEOPETUYECKHE W TEXHOJIOIMYECKHE PE3YyJbTaThl IO3BOJSIOT
pa3paboTUMKy CO3/4aBaThb HEJOpPOTUE, TMPOCThbIe B HCIOJb30BAHUM CUCTEMBI,
o0ecrneunBaroye ObICTPYIO TOUHOCTh U MAaCCOBOE UCIOJIB30BaHNE N300paakeHU n
peuM B TMATHOCTHKE.

Pexomenganum mno wucnoab3oBaHul: Pa3paboraHHoe mporpamMMmHoe
o0OecrieueHre MOKET OBbIThb HCIOJIb30BAHO JUISI CO3J@HUSl CHCTEM, B KOTOPBIX
UCIIONIB3YIOTCS. ~ CUTH&JIBI W H300paKeHUs  JUIsl  TONICPKKU  MPUHSATHUS
JUArHOCTUYECKUX PEIIeHU BpayaMHU-pPEHTIEHOJIOTaMH B  Pa3HBIX 00yacTsX
MEUIUHBI.

Oobsnacrs npumenenusi: IlpencraBiieHHblE peE3ynbTaTbhl BHEAPEHBI B
HEKOTOpbIX OoyibHMIIAX BbeTHama, a Takke Ha TpEHUHrax B yHUBepcuTeTe bun

JlyoHr.
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SUMMARY
Dao Van Tuyet

Algorithms and technology for building
integrated medical information systems

Keywords: Automated processing, Image retrieval, medical images and signals,
EHR, LIS, RIS, PACS, Telemedicine.

The purpose of the research: Development of structure models, algorithms and
the technology for building integrated medical information system. It supports
automated processing of images and signals on integrated environment of medical
information and image.

Research methods: E-Health technology, Health Information Technology,
Automated processing of medical images and signals theory, Software technology and
algorithms.

The obtained results and scientific novelty: The following algorithms are
constructed: the algorithms for improving the accuracy result of image retrieval
system, the algorithms for speech synthesis of tonal language. New structure
models, algorithms and the technology for building a PACS core and Image
Retrieval System as automated processing of medical images are developed. The
technology for combining the image retrieval system into the PACS system for
using its DICOM image database, it potentially assists in suggesting diagnoses of
many similar cases, and evidence supplied by the similar cases assist the radiologist
to improve interpretation of rare abnormalities and helps in determining a diagnosis.
The Telemedicine platform to manage and exchange medical data and medical
Image, the platform use web services technology and grid service provided by gL.ite
middleware and AMGA metadata service of gL.ite.

The obtained theoretical and technological results allow the developer to
construct low-cost, easy to use systems that ensure rapid accuracy and mass use of
diagnosis knowledge.

Usage recommendations: The developed software can be used for building
automated processing of medical images and signals systems that use diagnosis
knowledge to support making diagnosis decision of doctors, radiologist in the rapid
growing areas of the medicine, such as the modern technology applied in design and
producing the modalities, computer technology, E-Health technology, medicine,
education, etc.

Application area: The presented results are implemented in a hospital in
Vietnam, as well as in the training at Binh Duong University.



