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Интернет на нещата в образната диагностика и откриване 

на in silico знания 
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Резюме: Представената статия е фокусирана върху концепцията и значението на 
IoMIT. Тя включва уеб базирани и облачни платформи за образна диагностика като Nora, 
Siemens Helthineers и IBM Watson Health, като разкрива техните суперизчислителни  
ресурси и инструменти за образна диагностика. В доклада са предложени DT CWT 
базирани алгоритми като решение за класификация на изображения на щитовидната 
жлеза и рак на гърдата. Представен е сравнителен анализ между CNN и технологията, 
базирана на извличане на признаци от изображения чрез уейвлети. На базата на 
получените резултати са добавени заключения и препоръки за използването на двете 
технологии.  
Ключови думи: образна диагностика, платформи за образна диагностика, обработка на 
изображения, класификация на изображения, извличане на признаци от изображения  
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Abstract: The presented paper is focused on the concept and importance of IoMIT. It includes 
web-based and cloud-based medical imaging platforms such as Nora, Siemens Helthineers and 
IBM Watson Health revealing their supercomputing resources and tools for medical imaging. In the 
paper DT CWT based algorithms are proposed as a solution for thyroid and breast cancer image 
classification. A comparative analysis between CNN and wavelet features-based technology is 
presented. On the base of the gained results, conclusions and recommendations for the usage of 
both technologies are added. 
Key words: medical imaging, medical imaging platforms, image processing, image classification, 
image features extraction 

 
 
 

1. CONCEPT AND IMPORTANCE OF RESEARCH 
AREА 

 

The concept of Internet of Medical Imaging 

Things (IoMIT) for remote monitoring and control 

using the Internet infrastructure and remote servers 

dates back two decades when IoMIT 1.0 emerges. 

Proving its effectiveness, the preventative model of 

medical care has established itself as a successful 

strategy for public health. Both, IoMIT and the 

preventative model in combination were assessed as 

a promising direction for advanced medicine. 

In 2015 Siemens Healthcare, GE Healthcare, 

Philips Healthcare launched a new generation of 

IoMIT. On the one hand, GE Healthcare initiated the 

network connectivity of 2 000 000 devices on the 

Health Cloud including patient monitoring, medical 

imaging equipment, etc. In its essence, the Health 

Cloud acts as an open ecosystem and for its 

development for new analytics solutions the IT 

integrators Capgemini and Tata Consultancy Services 

joined. Such applications as MR application and 

ViosWorks are shifted from local processors to the 

cloud. In addition, GE extends its work covering 



IN-SILICO INTELLECT, Vol. 2,  2020 

 

23 

 

applications for the operational use cases and 

delivering enterprise workflow orchestration. The 

application “Radiology insights” for tracking X-ray 

repeat or reject rates is the typical IoMIT product for 

radiography. 

On the other hand, Siemens develops the 

concept of teamplay and provides three use cases 

used and validated by large customers. The first use 

case is dose optimization in CT imaging. The second 

one is asset optimization addressed to CT and MR 

users and providing options for asset management 

and financial analysis. The third use case concerns 

protocol sharing allowing CT and MR users to share 

protocols and best practices. 

In addition, the release of Philips Healthcare’s 

HealthSuite Digital Platform shows the direction of 

IoMIT future development. Furthermore, Lumify 

device is the ultramobile ultrasound tool which makes 

image data accessible on the cloud HealthSuite. The 

partnership of Philips with high technological 

companies as Salesforce, Amazon, Hitachi Data 

Systems contribute to the development of the cloud.  

Nowadays, the considerable growth of high-

technology including mobile technologies, virtual 

reality, communication network infrastructure, cloud 

computing, big data processing, artificial intelligence is 

a prerequisite for the rapid development of IoMIT. 

Contributing to the efficient healthcare, it is a 

convenient means of providing personalized medical 

care and diagnostics for people who live in remote 

districts. The combination of medical imaging and 

telemedicine is used for early detection and diagnosis. 

Taking into account the World Cancer Research 

Fund International statistics, with its 2 million 

diagnosed cases in 2018 and representing 6.4% of 

the total number of diseases, breast cancer is 

considered to be the fifth cancer disease causing 

death among women. To reduce the number of 

cancer cases, progressive improvement in medical 

treatment strategies is needed. This provides the 

stage of early detection and diagnose to prevent 

women from breast cancer. Thus, the combination of 

mobile communication and devices, the means of 

artificial intelligence as well as the technology of big 

data processing, image processing and the software 

developed for medical purposes appears to be the 

utility for physicians in their effort for public health 

care. 

 

 

2. MEDICAL IMAGING DEVICES AND IMAGE 
FORMATS 

 

For the precise diagnosis physicians use a 

variety of methods and apparatuses for medical 

imaging. One of the most often used in medical 

practice are X-Ray, Ultrasound, Magnetic 

Resonance Imaging (MRI) and Computed 

Tomography (CT). X-ray is appropriate for the cases 

when areas of concern are available but no 

symptoms appear. Based on sound waves to 

produce visual representation of the tissue, the 

ultrasound [1] reveals the tissue composition and 

blood flow providing information for the level of 

suspicion. On the contrary, for the cases of high-risk 

and advanced stage of disease MRI [2], [3] is the 

appropriate apparatus. Based on the three 

dimensional image representation, MRI provides 

imaging of high quality allowing adequate 

assessment, treatment, response evaluation and 

pre-surgery planning. In addition, CT [4], [5], [6], [7], 

[8], [9] generates medical images for the cases of 

early detection when no symptoms are available. 

Unlike the other apparatuses discussed above, this 

technique can detect very small areas of disease 

which makes it a powerful tool for the medical 

experts. 

The produced image data using medical 

imaging apparatuses differs in format, resolution, 

color space as shown in Fig. 1. Published in 1993, 

the Digital Imaging and Communication in Medicine 

(DICOM) format is recognized as a standard for 

medical imaging transmission, storing retrieval, 

printing, processing and displaying medical imaging 

information. DICOM is implemented in a number of 

medical areas such as radiology, cardiology, 

radiotherapy, ophthalmology and dentistry. Being 

compatible with TCP/IP, DICOM is an application 

protocol used for communication between systems. 

It can be exchanged between a sender and receiver 

for the purposes of image and patient data 

transmission including metadata: patient name, 

reference number, study number, dates, reports 

[10]. Furthermore, DICOM standard enables work 

with variety of software products and apparatuses 

produced by different manufacturers. In addition, 

DICOM guarantees data security using the DICOM 

TLS protocol for encryption [11].  

 

 

 



IN-SILICO INTELLECT, Vol. 2, 2020 

 

24 

 

3. MEDICAL IMAGING PLATFORMS 
 

The benefits of web-based medical imaging 

platforms spread in a wide range. Web-based 

medical imaging technology enables disease image 

analysis on the base of web-browser and Internet 

infrastructure usage. 

 

Fig.1. Medical imaging apparatuses and image characteristics 

 

This determines its simplicity. Furthermore, it is time-

saving providing the user access to supercomputing 

resources, experts’ knowledge and experience as well 

as the provided option for distributed resources 

access. A typical platform representative is Nora 

(http://www.nora-imaging.com/). The major idea for its 

development is to bring research and clinic together in 

cooperation in the effort to guarantee patients’ high 

quality of life. Nora is a multi-user platform which 

allows visualization, automation, data organization, 

processing and sharing in an intuitive manner. On the 

other hand, Nora is designed in two versions: as a 

stand-alone system or as a web-service in the cloud. 

In regard to visualization, the functionality of Nora 

covers features as real-time image resclinic (MPR), 

overlays, ROIs, 3D surface rendering and 

connectome. In addition to the typical image formats it 

supports including DICOM, NIFTI, BRUKER, the 

framework allows work with JSON, JPEG, PNG, PDF 

file formats too. Based on the drag-and-drop 

technology, the viewer is a stand-alone tool which 

works in an offline mode providing the option for 

automatically datasets loading. On the other hand, 

Nora is designed as a processing framework. In 

addition to image management, visualization, 

processing and analysis, it acts as an integrator too. 

Nora can include data from different inhomogeneous 

sources including PACS system. For the purposes of 

image processing, the framework is enriched with 

many tools. It allows work with toolboxes SPM, FSL or 

FreeSurfer and others without the need of 

programming in command line. In addition, the 

pipeline design and parallel processing are also 

supported as well as instant computer aided diagnosis 

(CAD). Fig. 2 illustrates Nora viewer for the case 

study of breast cancer. 

The other branch of medical imaging platforms is 

the cloud-based one. The technology of cloud 

computing is based on the network access to a 

shared pool of configurable computing resources 

which can be rapidly provisioned and released with 

minimal management effort or service provider 

interaction [12], [13]. 

In the presented paper Siemens Helthineers and 

IBM Watson Health breast cancer platforms are on 

focus. 
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Fig.2. Nora graphical interface and options 

For successful functioning, Siemens Helthineers 

(https://www.siemens-healthineers.com/) requires 

minimal resources as follows: 3,0 GHz Dual Core Intel 

CPU; 8GB RAM; NVIDIA or Intel GPU; Windows 7 or 

Windows 10. To simplify the diagnosis process and 

provide advanced visualization, and routine reading, 

the tool syngo.via is developed. Based on latest 

innovations and artificial intelligence, it guarantees 

productivity and efficiency. In addition, the three 

dimensional imaging product syngo.via produces 

photorealistic clinical images in DICOM format and 

provides workflow imaging solutions. In addition, 

Siemens Healthineers supports tools and options for 

decision making, full interactive remote support, back-

up and restore to initial settings, integrated feedback 

tool. 

Similarly, IBM Watson Health 

(https://www.ibm.com/) [14] provides solutions for 

smart health combining data, technology and 

expertise in a symbiosis. It integrates massively 

parallel POWER7 processors guaranteeing resources 

to store, achieve, transfer and analyze medical 

images. To increase the efficiency of clinical process, 

IBM develop a platform which supports the entire 

clinical workflow as follows 

[https://www.ibm.com/watson-

health/solutions/enterprise-imaging]: 

1. To create a patient profile before the patient’s 

visit, all the relevant information and images 

from previous studies, modalities and the 

EHR are compiled into a single interface. 

2. The options for viewing the status of the 

pending studies in real-time by the 

radiologists and for quick location of 

important information supported by the AI 

solutions implementation are designed. 

3. The process of diagnosing and treatment is 

facilitated through AI solutions implemented 

allowing providers to locate important 

information about drug dosing or disease 

management or for potential cancer 

treatment. 

4. After the patient’s visit, the reports are 

formatted into templates containing the 

his/her health information and study results. 

5. The patient reports and images can be 

securely shared. 

Fig. 3 graphically illustrates the clinical workflow 

stages supported by IBM Watson Health. 

 

Fig.3. IBM Watson Health clinical workflow stages 

Being a PaaS, IBM Watson Health supports 

imaging solutions for radiology, cardiology, 

orthopedics, eye care, financial management. In their 

effort to find solution for breast cancer problem, 

Watson designed an application using MRI Computer 

Aided Detection called Merge CADstream. Its 

functions are addressed to data visualization and 

segmentation, analysis, diagnosis and therapy 

opportunities. In addition, Merge CADstream supports 

tools for patients’ exams with less rescanning; 

automatic analysis of MRI studies improving the 

interpretation and reporting; time reduction and ease 

of decision taking; ease of ROIs classification and 

abnormalities detection using MIP, angiography map, 
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and MPR tools; archive and easy access to patient 

files of diagnosis, monitoring and anаlysis to obtain 

notion of disease running; confidence increasing in 

planning interventional activities; ability to differentiate 

low signal intensity malignities and fibrous tumors of 

high intensity; use of DICOM image formats. 

Acting as a gateway to European biological and 

biomedical imaging, Euro-BioImaging project 

(https://www.eurobioimaging.eu/) [15] provides tools, 

resources, services and support needed in the 

research process. Based on the basic idea to 

overcome the fragmentation, the project comprises 

over 205 universities, research councils, ministers, 

industrial partners. Euro-BioImaging is built on 21 

nodes located in 9 European countries. Each of the 

nodes has experts to support the researchers in their 

research projects including imaging pipeline, study 

design, image acquisition, storing and interpreting. 

Also, the node experts provide training courses 

covering different levels of expertise. Providing image 

technologies of highest quality, Euro-BioImaging 

provides a wide range of imaging from the nano- to 

the tissue-scale. In addition, the project provides high-

impact technologies to assist researchers. The list of 

technologies includes Coherent Anti-Stokes Raman 

Scattering microscopy (CARS), Quantative Phase 

Imaging (QPI), Mass spectrometry-based imaging 

(MSI) for biological and medical applications, 

PhotoAcoustic Imaging (PAI), Structured Illumination 

Microscopy (SIM), Atomic Force Microscopy (AFM). In 

addition, Euro-BioImaging expands its functionality 

working in collaboration with the cluster projects 

CORBEL and EOSC-Life. On the base of Euro- 

BioImaging project expertizes and best practices, 

repositories of methods, tools, protocols, software 

applications and image data are shared for future use 

by other users of the project. To guarantee data 

security, the project provides data storage protection 

and analyses standards. 

 

4. IN SILICO KNOWELEDGE DISCOVERY 
 

For the case study of thyroid, an algorithm for 

image classification using image features extraction 

with the Dual-Tree Complex Wavelet Transform (DT 

CWT) is proposed. It consists of seven main steps 

and comprises scaling, color space conversion, image 

subdivision, DT CWT performance, features storing, 

query-image submission and classification. The whole 

process runs in a sequence as follows: 

1. The source image (I), is resized to the size of 

MxN for M=N=512 where M - number of rows, 

N – number of columns. The obtained result is 

the image 'I . 

2. The image 'I  is converted from RGB into 

grayscale color space; 

3. The image )'(I  is divided into nn  )8( n     

non-overlapping subimages )( '

64

'

1 II  . 

4. DT CWT is performed on each of the 

subimages )( '

64

'

1 II   generated in step 3 at 

level 4l  to decompose them and produce 

their lowpass and bandpass components. 

5. The extracted wavelet features form the 

image feature vectors which are stored in a 

classification database. Fig. 4 presents the 

entire process of image decomposition using 

DT CWT in a consistent manner from step 1 

to step 4. 

6. The user is given the option to submit a 

classification query-image (Q) which is 

decomposed using the first four steps of the 

algorithm and thus form a query-image 

feature vector.  

7. To compute the similarity distance between 

the query-image feature vector and each of 

the image feature vectors in the 

classification database, Hausdorff Distance 

[16, 17, 18, 19, 20, 21, 22, 23, 24] executes 

according to the following equation: 

)),(),,(max(),( ABhBAhBAH  ,          (1) 

where: },...,{ 1 maaA  , },...,{ 1 nbbB   are 

two finite point sets and: 

baBAh
BbAa




minmax),( ,         (2) 

 

The experiments are performed on the base of 

thyroid specialized image dataset TIRADS. It is 

designed in 6 image groups depending on the disease 

degree and 97 RGB images in total. The efficiency of 

the proposed algorithm for the case study of thyroid is 

estimated using accuracy (3): 

 

 

https://www.eurobioimaging.eu/
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Fig.4. DT CWT features extraction process 
 

 

)(

)(

FNFPTNTP

TNTP
Accuracy




 ,  (3) 

 

where,  

 TP – True Positives – a class of images defining 

the cases when the actual output fits the prediction 

parameter and both have YES value; 

 TN – True Negatives – a class of images defining 

the cases when the actual output fits the prediction 

and both have NO value; 

 FP – False Positives – a class of images defining 

the cases when the predicted observations are 

evaluated as negatives (NO value) and the actual 

output is positive (YES value). Thus, there is no fit 

between both parameters.  

 FN – False Negatives – a class of images defining 

the cases when the predicted observations evaluated 

as positives (YES value) and the actual output is 

negative (NO value) with no fit between both 

parameters. 

The category membership of the classified query-

image is determined using Hausdorff distance on the 

base of the category membership of the nearest 

image. 

The test experiments are performed for each of 

the thyroid image categories. On the one hand, the 

statistics on the experimental results shows accuracy 

of 77,15%. On the other hand, the algorithm has the 

ability to detect both alternating smooth transitions 

between areas with lower pixel intensity towards 

higher pixel intensity and sharp transitions between 

areas of small size. Moreover, the detected images 

have the orientation and localization of the object in 

the query-image. The graphic results also show that 

the algorithm can detect images by sharp transitions 

and homogeneous areas where the pixel intensity is 

close to zero which makes the proposed algorithm 

appropriate for recognition by shape. Fig. 5 shows the 

classification result (b) of image from TIRADS 4b 

group (a). 

 

 
(a) 

 

 
(b) 

 

Fig. 5. Image classification result for 

TIRADS Category 4b 

(a) TIRADS 4b category query-image; 

(b) the nearest image from TIRADS Category 

4b 

 

For the design of tools addressed to early breast 

cancer detection, diagnosis, localization, treatment 

and monitoring typically two techniques are used: 

image classification using extracted image features 

composing feature vectors and using similarity 

evaluation and the one based on deep learning using 

convolutional neural network (CNN). On the base of 

them both a great number of techniques are 

developed using Discrete Wavelet Transform [25], 
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Gabor Wavelet Transform [26], [27], [28], Dual-Tree 

Complex Wavelet Transform [29], Contourlet 

Transform [30], [31], Curvelet Transform [32], 3D 

Fourier Transform [33], color histogram [34], [35], [36], 

color moments [37] and correlogram [38], Harris 

Corner Detector [39], Barnard Detector [40], Contour-

based shape features [41], [42], [43], Hough 

Transform [44], modificated Hough Transform and 

edge detection as a base for extraction of peaks of 

Hough image and used for shape matching [45], etc. 

In addition, on the base of CNN and DL, the classifiers 

are trained for a new classification task [46], [47]. 

Used for human face detection [48], biological data 

identification [49], object recognition [50], disease 

assessment based on medical images, CNN and ML 

are preferred for the development of solutions on the 

breast cancer [51], [52], [53], [54], [55]. Furthermore, 

the researchers’ efforts reach to the area of 

cybersecurity in medical science where strategies and 

methods for data protection against phishing attacks 

[56], spam, malicious links [57] and network and 

software-based attacks [58] are proposed. 

A comparative analysis between CNN and 

wavelet features-based technology is proposed for the 

case study of breast cancer classification. To this end, 

a modified version of the algorithm described above is 

used. Its modifications comprise the Dual-Tree 

Complex Wavelet Transform (DT CWT) performance 

on the entire image and the usage of Euclidean 

distance for similarity estimation. For the test 

experiments, a test dataset on Invasive Ductal 

Carcinoma (IDC) of 502 images in RGB color space 

and PNG format with size of 50 x 50 px is used. The 

dataset consists of two categories 0 and 1 where the 

images are categorized according to the disease 

degree. Thus, category 0 includes the IDC negative 

cases and the category 1 includes the IDC positive 

ones. To estimate the efficiency of both approaches, 

accuracy, precision and recall metrics are calculated. 

The gained results show close values for the three 

metrics speaking of comparability. However, for 

precision the wavelet features-based technology 

demonstrates a better result than CNN, exceeding by 

1.8% which makes it appropriate for the cases when 

the cost of a false positive is very high while the one 

of the false negative is low. On the other hand, CNN 

shows better results for recall than the wavelet-based 

technology meaning that CNN is appropriate for the 

cases when a false negative is high. Fig. 6 and Fig. 7 

illustrates the image classification result for two of the 

performed experiments. 

 

 
(a) 

 

 
(b) 

 

Fig.6. Image classification result for experiment 3, 

(a) Submitted classification image,  

(b) Classified image 

 

 

 
(a) 

 

 
    (b) 

Fig.7. Image classification result for experiment 5, 

(a) Submitted classification image, (b) Classified 

image 

 

6. CONCLUSION 
 

The presented paper discusses the concept and 

the importance of IoMIT in the modern world and the 

tools it uses to meet the requirements for efficiency in 
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the medicine. The overview of the web-based and 

cloud-based medical imaging platforms shows the 

range of supercomputing resources and options they 

provide. In addition, the progress of Euro-BioImaging 

project is discussed. Moreover, the paper includes 

proposed solutions for the case study of thyroid and 

breast cancer using DT CWT as well as comparative 

analysis between the CNN approach for image 

classification and the wavelet features-based one on 

the same problem. The gained results show 

comparability and are reason to conclude that the 

wavelet features-based approach is appropriate for 

the cases when the cost of a false positive is very high 

while the one of the false negative is low and that the 

CNN is appropriate for the cases when a false 

negative is high. 

 

6. ACKNOWELEDGMENTS 
 

Primary funding for the presented work was 

provided by the National Science Fund, Ministry of 

Education and Science, Republic of Bulgaria under 

contracts DN02/1-2016, “Conceptual and Simulation 

Modeling of IoT Ecosystem”. 

 

REFERENCES 
 
[1] R. Devi and G.S. Anandhamala, “Recent Trends in 
Medical Imaging Modalities and Challenges For Diagnosing 
Breast Cancer,” Biomedical & Pharmacology Journal, vol. 
11(3), p. 1649-1658, September 2018. 
[2] SG. Orel, MD. Schnall, CM. Powell, MG. Hochman, LJ. 
Solin, BL. Fowble, MH. Torosian, EF. Rosato, “Staging of 
suspected breast cancer: effect of MR imaging and MR-
guided biopsy,” Radiology, 196(1), pp. 115–22 (1995). 
[3] F. S. Azar, D. N. Metaxas, and M. D. Schnall, “A 
deformable finite element model of the breast for predicting 
mechanical deformations under external perturbations,” 
Acad. Radiol., 8(10), pp. 965–975 (2001).  
[4] Ж. Василева, В. Хаджидеков, В. Тодоров, “Физиката в 
Биологията и Медицината," Физиката в Образната 
Диагностика, XXXIV Национална Конференция по 
Въпросите на Обучението по Физика, Ямбол, 6-9 април 
2006 г. 
[5] S. Sasada, N. Masumoto, N. Goda, K. Kajitani, A. Emi, 
T. Kadoya, M. Okada, “Which type of breast cancers is 
undetectable on ring-type dedicated breast PET?,” Clinical 
Imaging, vol. 51, no. February, pp. 186–191 (2018). 
[6] L. Lebron-Zapata, M. S. Jochelson, “Overview of Breast 
Cancer Screening and Diagnosis,” PET Clin., vol. 13, no. 3, 
pp. 301–323, 2018. 
[7] Y. Yamamoto, Y. Tasaki, Y. Kuwada, Y. Ozawa, T. 
Inoue, “A preliminary report of breast cancer screening by 
positron emission mammography,” Ann. Nucl. Med., 30(2): 
pp. 130–137 (2016). 
[8] D. Narayanan, W. A. Berg, “Dedicated Breast Gamma 
Camera Imaging and Breast PET: Current Status and 
Future Directions,” PET Clin., 13(3): pp. 363–381 (2018). 

[9] H. B. Pan, “The Role of Breast Ultrasound in Early 
Cancer Detection,” J. Med. Ultrasound, 24(4): pp. 138–141 
(2016). 
[10] R. Bibb, “Export data format and media,” Medical 
Modelling, 2006. 
[11] M. Novaes, “Telecare within different specialities,” 
Fundamentals of Telemedicine and Telehealth, 2020. 
[12] M. Hogan, F. Liu, A. Sokol, J. Tong, “NIST Cloud 
Computing Standards Roadmap,” National Institute of 
Standards and Technology, Special Publication, 500-291, 
2011. 
[13] P. Mell, T. Grance, “The NIST Definition of Cloud 
Computing,” Recommendations of the National Institute of 
Standards and Technology, NIST Special Publication, 800-
145, 2011. 
[14] P. Singh, “Big Genomic Data in Bioinformatics Cloud,” 
Applied Microbiology: Open Access, volume 2, issue 2, 
2016. 
[15] MPG Cahta, “Euro-BioImaging European Research 
Infrastructure for Imaging Technologies in Biological and 
Medical Sciences,” 2013. 
[16] Zh.Zhu, M. Tang, H. Lu, “A new robust circular Gabor 
based object matching by using weighted Hausdorff 
distance,” in Pattern Recognition Letters, vol. 25, pp. 515-
523, 2004. 
[17] H. Sun, Y. Ding, Y. Huang, G. Wang, “Critical 
Assessment of Object Segmentation in Aerial Image Using 
Geo-Hausdorff Distance,” in The International Archives of 
the Photogrammetry, Remote Sensing and Spatial 
Information Sciences, vol. XLI-B4, pp. 187-194, Prague, 
2016. 
[18] H. Sun, Y. Ding, Y. Huang, G. Wang, “Critical 
Assessment of Object Segmentation in Aerial Image Using 
Geo-Hausdorff Distance,” in The International Archives of 
the Photogrammetry, Remote Sensing and Spatial 
Information Sciences, vol. XLI-B4, pp. 187-194, Prague, 
2016. 
[19] M. Dubuisson, A. K. Jain, “A Modified Hausdorff 
Distance for Object Matching,” in Proceedings of the 
International Conference on Pattern Recognition, pp. 566-
568, Jerusalem, Israel, 1994. 
[20] D. Sim, O. Kwon, R. Park, “Object Matching Algorithms 
Using Robust Hausdorff Distance Measures,” in IEEE 
Transactions on Image Processing, vol. 8, no. 3, pp. 
425429, 1999. 
[21] R. Azencott, F. Durbin, J. Paumard, “Robust 
Recognition in Compressed Large Aerial Scenes,” in 
Proceedings of the International Conference on Image 
Processing, pp. 617-620, 1996. 
[22] A. Taha, A. Hanbury, “An Efficient Algorithm for 
Calculating the Exact Hausdorff Distance,” in IEEE 
Transactions on Pattern Analysis and Machine Intelligence, 
vol.37, no. 11, pp. 2153-2163, November 2015. 
[23] D. Huttenlocher, G. Klanderman, W. Rucklidge, 
“Comparing Images Using the Hausdorff Distance,” in IEEE 
Transactions on Pattern Analysis and Machine Intelligence, 
vol. 15, no.9, pp. 850-863, September 1993. 
[24] L. Wang, Y. Zhang, J. Feng, “On the Euclidean 
Distance of Images,” in IEEE Transactions on Pattern 
Analysis and Machine Intelligence, vol. 27 issue 8, pp. 
1334–1339, 2005. 
[25] J. Krishna, T. Sirisha, V. Madhavi, “Image Retrieval 
based on Texture using Various Discrete Wavelet 
Transform Sub Bands”, National Conference on Emerging 
Trends in Computing, pp.22-24, 2017. 

[26] B. S. Manjunath, W. Y. Ma, “Texture Features for 
Browsing and Retrieval of Image Data,” IEEE Transactions  



IN-SILICO INTELLECT, Vol. 2, 2020 

 

30 

 

Pattern Analysis and Machine Intelligence, vol. 18, no. 8, 
pp. 837-842, Aug. 1996. 
[27] Hong Shao, Jun Ji, Yan Kang, Hong Zhao, 
“Application Research of Homogeneous Texture 
Descriptor in Content-based Image Retrieval,” 
International Conference Information Engineering and 
Computer Science (ICIECS), pp. 1-4, 2009. 

[28] M. Kokare, P. K. Biswas, B. N. Chatterji, “Rotation-
Invariant Texture Image Retrieval Using Rotated 
Complex Wavelet Filters,” IEEE Transactions Systems, 
Man and Cybernetics- Part B: Cybernetics, vol. 36, no. 

6, pp. 1273-1282, Dec. 2006. 
[29] B. Liao, F. Peng, “Rotation-Invariant Texture 
Features Extraction using Dual Tree Complex Wavelet 
Transform,” International Conference Information, 
Networking and Automation, vol.1, pp. 361-364, 2010. 

[30] A. Mosleh, F. Zargari, R. Azizi, “Texture Image 
Retrieval Using Contourlet Transform,” International 
Symposium Signal, Circuits and Systems (ISSCS), pp.1-
4, 2009. 
[31] Xin-Wu Chen, Guang-Li Yu, Jun-Bin Gong, 
“Contourlet-1.3 texture Image Retrieval System,” 
Proceedings International Conference Wavelet Analysis 
and Pattern Recognition, pp.49-54, July 2010. 

[32] I. J. Sumana, Md. M. Islam, D. Zhang, G. Lu, 
“Content Based Image Retrieval Using Curvelet 
Transform,” 10th Workshop Multimedia Signal 
Processing, pp.11-16, 2008. 

[33] B. S. Bama, S. Raju, “Fourier Based Rotation 
Invariant Texture Features for Content Based Image 
Retrieval,” National Conference Communications (NCC), 
pp. 1-5, 2010. 
[34] J. Hu, A. Mojsilovic, “Optimal Color Composition 
Matching of Images,” Proceedings 15th International 
Conference on Pattern Recognition, 
DOI:10.1109/ICPR.2000.902862, pp. 47-50, Sept. 2000. 
[35] N S T Sai, R C Patil, “New Feature Vector for Image 
Retrieval: Sum of Value of Histogram Bins,” International 
Conference Advances in Computing, Control and 
Telecommunication Technologies, pp.550-554, 2009. 

[36] W. Rasheed, G. Kang, J. Kang, J. Chun, J. Park, 
“Sum of Values of Local Histograms for Image 
Retrieval,” Fourth International Conference Networked 
Computing and Advanced Information Management, pp. 

690-694, 2008. 
[37] J.-L. Shih, L.-H. Chen, “Colour image retrieval 
based on primitives of colour moments,” IEEE 
Proceedings- Vision, Image and Signal Processing, 
vol.149. no. 6, pp.370-376, Dec. 2002. 
[38] J. Huang, S. R. Kumar, M. Mitra, W. Zhu, R. Zabih, 
“Image Indexing Using Color Correlograms,” 
Proceedings of the 1997 Conference on Computer 
Vision and Pattern Recognition (CVPR '97), pp.762-768. 

[39] Hoang Ng-Duc, Thuong Le-Tien, Tuan Do-Hong, 
Cao Bui-Thu, Ty Ng-Xuan, “Image Retrieval Using 
Contourlet Based Interest Points,” 10th International 
Conference on Information Science, Signal Processing 
and their Applications, pp. 93-96, 2010. 
[40] Y. Tsai, “Salient Points Redusction for Content-
Based Image Retrieval,” International Journal of 
Electrical and Computer Engineering, pp. 11-14, 2010. 

[41] Y. Li, L. Guan, “An Effective Shape Descriptor for 
the Retrieval of Natural Image Collections,” Canadian 
Conference Electrical and Computer Engineering, pp. 
19601963, May 2006. 

[42] D. Dimov, “Fast Shape Based Image Retrieval,” 
International Conference Computer Systems and 
Technologies- CompSysTech’2003, pp. 296-302, 2003. 

[43] Y. Xie, M. OhEigeartaigh, “Shape Descriptor Based on 
Structural Curvature Histogram for Image Retrieval,” World 
Congress Computer Science and Information Engineering, 
pp.411-415, 2009. 
[44] Г. Гочев, Компютърно зрение и невронни мрежи, 
Технически Университет, София, 1998. 
[45] V. Georgieva, P. Petrov; L. Dimitrov, “A Multistage 
Approach for Detection of Objects with Rectangular Forms,” 
International Conference on High Technology for 
Sustainable Development (HiTech), Sofia, Bulgaria, 2018. 
[46] Zhu, C., Song, F., Wang, Y. et al. Breast cancer 
histopathology image classification through assembling 
multiple compact CNNs. BMC Medical Informatics and  
Decision Making 19, 198 (2019). 
https://doi.org/10.1186/s12911-019-0913-x. 
[47] S. Kaymak, A. Helwan, D. Uzun, “Breast cancer image 
classification using artificial neural networks,” 9th 
International Conference on Theory and Application of Soft 
Computing, Computing with Words and Perception, 
ICSCCW 2017, 22-23 August 2017, Budapest, Hungary. 
[48] О. Boumbarov, S. Panev, I. Paliy, P. Petrov, L. 
Dimitrov, “Homography-based face orientation 
determination from a fixed monocular camera,” Proceedings 
of the 6th IEEE International Conference on Intelligent Data 
Acquisition and Advanced Computing Systems: Technology 
and Applications, IDAACS'2011 1,6072783, pp. 399-403. 
[49] Cherrat Em, Alaoui R, Bouzahir H. “Convolutional 
neural networks approach for multimodal biometric 
identification system using the fusion of fingerprint,  
finger-vein and face images,” PeerJ Comput. Sci. 6:e248 
DOI 10.7717/peerj-cs.248, 2020. 
[50] T. Hristeva, M. Marinova and V. Lazarov, “Deep 
learning model for object detection,” Proceedings of the 45th 
International Conference on Application of Mathematics in 
Engineering and Economics (AMEE’19), AIP Conf. Proc. 
2172, 020001-1–020001-8; 
https://doi.org/10.1063/1.5133483, 2019. 
[51] K. Kirilov, P. Borovska, “Conceptual Model of Integrated 
Approach for In Silico Knowledge Data Discovery for Breast 
Cancer Diagnostics and Precision Therapy,” Proceedings of 
the 45th International Conference on Application of 
Mathematics in Engineering and Economics (AMEE’19), AIP 
Conf. Proc.  
2172, 020003-1–020003-10; 
https://doi.org/10.1063/1.5133485, 2019. 
[52] D. Ivanova, P. Borovska, “Design and Implementation 
of Bioinformatics KDD Workflow for Breast Cancer Risk 
Evaluation,” Proceedings of the 45th International 
Conference on Application of Mathematics in Engineering 
and Economics (AMEE’19), AIP Conf. Proc. 2172, 020007-

1–020007-7; https://doi.org/10.1063/1.5133489,2019. 
[53] P. Borovska, I. Kordev, B. Borowsky, “Intelligent 
Integrated Digital Platform InSilicoKDD in Support of 
Precision Medicine for Scientific Research,” International 
Journal of Advanced Science and Technology, 29(7s), 
2101-2109, ISSN: 2005-4238 (Print), ISSN: 2207-6360 

(Online), Publisher: Science and Engineering Research 
Support Society, Australia, 2020. 
[54] V. Gancheva, I. Georgiev, “Software Architecture for 
Adaptive In Silico Knowledge Discovery and Decision 
Making Based on Big Genomic Data Analytics,”  
Proceedings of the 45th International Conference on 
Application of Mathematics in Engineering and Economics 
(AMEE’19), AIP Conf. Proc. 2172, 090009-1–090009-8; 

https://ieeexplore.ieee.org/author/37085622535
https://ieeexplore.ieee.org/author/38508831700
https://ieeexplore.ieee.org/xpl/conhome/8540791/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8540791/proceeding
https://doi.org/10.1186/s12911-019-0913-x
https://aip.scitation.org/author/Hristeva%2C+T
https://aip.scitation.org/author/Marinova%2C+M
https://aip.scitation.org/author/Lazarov%2C+V
https://aip.scitation.org/doi/abs/10.1063/1.5133483
https://aip.scitation.org/doi/abs/10.1063/1.5133483
https://doi.org/10.1063/1.5133483
https://doi.org/10.1063/1.5133485
https://doi.org/10.1063/1.5133489,2019


IN-SILICO INTELLECT, Vol. 2,  2020 

 

31 

 

 https://doi.org/10.1063/1.513358, 2019. 
[55] V. Gancheva, “A Big Data Management Approach for 
Computer Aided Breast Cancer Diagnostic System 
Supporting Precision Medicine,” Proceedings of the 45th 
International Conference on Application of Mathematics in 
Engineering and Economics (AMEE’19), AIP Conf. Proc. 
2172, 090012-1–090012-7; 
https://doi.org/10.1063/1.5133589, 2019. 
[56] I. Ivanov, “Counteraction and protection against modern 
cyberattacks, phishing and ransomware,” International  
conference “Modern security and modern technologies”, 
New Bulgarian University, Sofia, Bulgaria, 2019, pp. 93 – 
98, ISBN 978-619-7383-13-3. 
[57] S. Mbonihankuye, A. Nkunzimana, A. Ndagijimana, 
“Healthcare Data Security Technology: HIPAA Compliance,” 
Wireless Communications and Mobile Computing, 2019:1-7, 

DOI:10.1155/2019/1927495  
[58] I. Ivanov, S. Lazarov, Plenary report – Studio, 
Proceedings of the annual university scientific conference, 
vol. 4, scientific direction “Security and defence”, Veliko 
Tarnovo, Bulgaria, 2019, pp. 9 – 45. ISSN 1314-1937. 

 
 
 
 
 

За автора: 
 

 
 
Стела Ветова, st.vetova@tu-sofia.bg 
Гл. асистент, катедра „Информатика“ 
Факултет по приложна математика и информатика 
Технически университет - София 
 
About the author: 
Stella Vetova, st.vetova@tu-sofia.bg 
Senior Assistant Professor, Department of Informatics 
Faculty of Applied Mathematiccs and Informatics 
Technical University of Sofia 
 

 

https://doi.org/10.1063/1.513358
https://doi.org/10.1063/1.5133589
https://www.researchgate.net/journal/1530-8669_Wireless_Communications_and_Mobile_Computing
mailto:st.vetova@tu-sofia.bg
mailto:st.vetova@tu-sofia.bg

