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 Ultrasound diagnostics (US, ultrasound, sonography) as a method of medical imaging began to 

apply more than 40 years ago. Modern medicine can not fully exist without this method of 

diagnosis. Sonography is recommended by experts of the World Health Organization as the 

primary and often the final link in the diagnosis of many diseases. The benefits of ultrasound 

include highly informative, the possibility of many-stage research, the possibility of repeating 

the procedure, ease of research, lack of beam loading, lower cost compared with other diagnostic 

methods (CT, MRI) and high informativeness. Ultrasound does not now registered adverse 

effects on the body, has no radiation burden. High requirements are imposed for the modern 

medicine, especially for high-tech areas such as medical imaging, as to the doctors’ 

qualifications, so to the methodologies. The total amount of information about diseases and their 

sonographic manifestations and treatments is increasing every year, and one person is unable to 

precisely assess the importance of available material for medical practice and then come to the 

aid of mathematics, which helps to structure the material. Mathematical modeling as a normal 

physiological and pathological processes is currently one of the most current trends in scientific 

research. The choice of mathematical models to describe and study of health facilities depends 

on the individual specialist knowledge and on the characteristics of tasks. Mathematical 

approach not only facilitates the precise quantification of a specific task by constructing some 

suitable models, but also provides a means to solving the problem.  

Modeling (from the Latin. Modulus - the measure, sample) - the process of creating models, 

diagrams, symbolic or real counterparts, reflecting the essential properties of more complex 

objects (prototypes), serves research tools for studying certain aspects and properties of the 

prototype. Selection of mathematical models of optimization of a process takes into 

consideration a whole range of components of the parameters that can influence the qualitative 
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aspects of the process. The degree of exploration of mathematical methods in scientific 

discipline is the objective characteristic of the depth of knowledge on the subject. 

The article describes the novel directions of research the different applications of 

ultrasonography using mathematical modeling that were introduced in Center of ultrasound 

diagnostics and interventional sonography of Clinical hospital “Pheophania” and will be applied 

for research prospectively.  

Modeling the basic sonography characteristics on phantoms. Gray-scale, Doppler and 

sonoelastography characteristics are modeled and calculated on the human tissues and on the 

own-designed phantoms for different purposes (fig.1).  Application of the proposed phantom 

allows simulation of different states of tissues, with the definition of the characteristic gray-scale 

and Doppler signs of physiological and pathological situations. Phantom can serve as a training 

Doppler in the early stages of learning methods, as well as for experts, such as for modeling 

Doppler artifacts (fig.1). Phantom can be an effective method for simulating Doppler at different 

rheological states of the blood, which can occur in hospital patients in intensive care,  efferent 

therapy, phlebology. 

Especially valuable for teaching interventional procedures under ultrasound, including quite 

progressive, as regional anesthesia, where the exact derivation of tubular structures is the basis of 

the method, as well as for vascular intervention and endovascular intervention is possible and 

controlled by US (fig.2). 

Modeling the Ultrasound-guided minimally invasive diagnostic and therapeutic 

interventional procedures. Medical imaging is applied at various stages in the patient 

management process: screening, diagnosis, staging, therapy delivery, and therapy follow-up. The 

primary role for imaging has been diagnostic, but there is increasing, use of medical imaging 

modalities—especially ultrasound for interventional diagnostic and therapeutic uses, driven by 

the thrust for minimally invasive procedures. Medical imaging permits the physician to plan the 

therapeutic procedure more accurately before carrying it out, to guide the intervention and more 

correctly locate the position of the interventional tool with respect to the anatomy, to monitor the 

intervention as it is being carried out, and to control the intervention for optimum results. 

Although static images are sufficient for planning radiation therapy or providing some 

anatomical information for surgery, real-time image guidance has been fundamental to the 

evolution of interventional US guided procedures. In  view of the above computational models of 

the human body could be used in conjunction with medical imaging techniques to assist in the 

preparation, simulation and control of medical interventions to investigate the sources of errors 

of Ultrasound -guided interventions. A key point is the possibility offered by these models to 

actually fuse the geometrical, physical, and physiological information.  
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Text processing. Ultrasound  database modeling performed with a scientific purpose to publish 

research results, and for processing of records, introspection and the doctor of any other type of 

analysis (including financial). The key features of reliable statistical analysis is correct logging 

and archiving of research results.  

Telemedicine - the direction of medicine, which is based on distance medical consulting 

services in the field of medical education, science and clinical practice. The method has recently 

rapidly growing keeps expanding, helped primarily intensive development of telecommunication 

systems  

Modeling the Visual Data Presentation Improvement. We propose the novel technique of use 

the Anaglyph Ultrasound images of  to provide a stereoscopic three-dimensional effect for more 

fully presentation of visual information (Fig 3-4). The standard way of rendering images onto a 

computer screen provides only 2½D information. Perspective projection, occlusion, and shading 

effects provide quite strong depth cues, but the image is still 2D. In order to provide a more 

realistic 3D perspective, stereo graphics can be used where two images are presented to the user, 

one for the left eye and one for the right eye. 

Conclusion 

Making Knowledge Model and promoting Model Guided Medicine. From data and information-

centric practice  we must strive to model-centric medicine for intelligent decision making in 

medical diagnosis and therapy. If model is designed and employed successfully, it will help to 

establish scientifically valid standards for medical activities of physicians, patients and the health 

care community at large. 
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Fig.1. Block diagram of experimental setup 
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Fig. 2. A-Sonography phantom for Doppler. B-Blood flow modeling 

 
Fig.3. The single valued function of two variables z(x,y)=x2+y3 with the function value displayed 
as the height. 
 

 
Fig4 F-B. Anaglyph (red-cyan) images. Examples for research presentation. A-Sonography. B-

Phantom presentation.  
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