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Abstract  
The intent of this paper is to focus on actual issues regarding the teaching experience, full course and 
tutorials, related to the discipline NUMERICAL METHODS, which is incorporated in the Curricula as 
mandatory, for almost each Faculty/ Department of the POLITEHNICA University of Bucharest, and 
other technical universities. From our previous and actual teaching experience, we can relate the 
changes regarding the structure of the Syllabus, i.e. its division in segments, correlated with the global 
educational system modification due to the Bologna process. The authors highlight the issues 
generated by such transformation, with prospects and challenges for the educators, from the 
graduates and employer's needs standpoint. The link between education and research is successfully 
proven by the abilities, skills and knowledge of a dedicated team, that has built and it is continuously 
developing an in-house Flight Simulator and a 3D Virtual Reality Laboratory.  
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1 INTRODUCTION  
Taking into account the specificity of the engineering work, the prospective graduates must provide 
good proficiency of mathematics, not solely in theory, but related to practical applications of a wide 
range of engineering domains. That is the main reason that the discipline NUMERICAL METHODS is 
incorporated in the Curricula as mandatory, for almost each Faculty or Department of the 
POLITEHNICA University of Bucharest UPB, [2], as well as for other technical universities. The 
Syllabus contains a basic kernel and some extra content is added to the course and tutorials, following 
the way that each faculty considers appropriate for the main courses. At the POLTEHNICA University 
of Bucharest the discipline NUMERICAL METHODS is taught at each of its 12 engineering faculties, 
but the Syllabus is adjusted as mentioned above, for the reason that for certain details, required by 
mathematical modelling of complex thermodynamic processes, the students should gain appropriate 
knowledge, while for other practical situations, where less complicated processes might be 
encountered, the students as prospective graduates should not need to know thorough details, of such 
a large extent. In the following is presented and further analized the experience developed inside the 
Faculty of Aerospace Engineering, [10], which has proven for decades, by its Alumni, the success of 
its graduates, in top positions of a high end domain, with challenging and continuous updating 
demands.  

2 ACADEMIC EXPERIENCE WITH TEACHING AND TUTORING THE 
DISCIPLINE NUMERICAL METHODS AT UPB  

From our previous and actual teaching experience, we can relate the changes regarding the structure 
of the Syllabus, i.e. its division in segments, correlated with the global educational system 
modifications due to the Bologna process. The organization of the Syllabus course and tutorials differs 
as referenced to before and after completing the fully implementation of the stipulations and provisions 
of the Bologna Process. Apart of the advantages foreseen for the European Space of the Academic 
Education, as being thought out in 1998, with implementation deadline of 2010, there are still some 
particular aspects that still might need to be improved.  

In the following, details regarding the changes in the particular case of the discipline Numerical 
Methods in Avation, will be exposed:  
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Before the Bologna Process, the discipline Numerical Methods in Aviation, as it was taught during 
the two semesters of the third year of Undergraduate Studies at the Faculty of Aerospace 
Engineering, had a weekly of 2 hours course + 2 hours laboratory with practical applications and 
computer simulations and 1 hour of tutorial allocated. The Syllabus before Bologna included, [2, 3] 
(presented in the order of introduction to teaching): 1/ Approximation of a single variable functions (1.1 
Interpolation of functions: 1.1.1 Global interpolation with polynomials, e.g. Newton and Lagrange 
polynomials, 1.1.2 Spline interpolation, 1.1.3 Interpolation with trigonometric functions, 1.1.4 
Interpolation inside complex plane; 1.2 Mini-max approximation; 1.3 Least squares approximation; 2.1 
Numerical derivation, 2.2 Numerical integration (Newton-Cotes as closed and open integration 
methods); 3/ Solving non-linear equations (3.1 Halving method, 3.2 Iterative methods, e.g. 3.2.1 - 
simple iteration, 3.2.2 - the tangents (Newton) method, 3.2.3 - the chords method , 3.2.4 - the tangent 
parabola method); 3.3 Finding the polynomial roots (3.3.1 - the Graeffe - Lobatchevsky method, 3.3.2 - 
Polynomial factoring methods); 4/ Sources and error propagation in numerical computation; 5/ Solving 
linear systems of equations: 5.1 Direct methods: Gauss and Gauss - Jordan, 5.2 Iterative methods: 
Jacobi and Gauss-Seidel, 5.3 - Numerical calculation of the inverse of a matrix, refining techniques 
and acceleration of convergence; 6/ Eigenvalues and eigenvectors, 6.1 The method of direct powers, 
6.2 the method of reverse powers, 6.3 the Danilevsky method based on the Frobenius matrix; 7/ 
Optimization methods, 7.1 the Gradient method, 7.2 - Newton and quasi-Newton methods, 7.3 - 
Conjugate gradient methods, e.g.: Fletcher-Reeves, Polak-Ribiere, Hestens-Stiefel; 8/ Solving non-
linear systems of equations, 8.1 - Iterative methods (e.g. simple iteration method, Newton method, 
quasi-Newton method, gradient method, hybrid method); 9/ Solving ordinary differential equations, 9.1 
-  Single-step methods, 9.2 Multiple-step methods (explicit versus implicit methods), 9.3 -  Solving 
systems of ordinary differential equations and high-order differential equations; 10 - Solving partial 
derivatives differential equations, 10.1 - First order partial derivatives equations, 10.2 Second order 
partial derivatives equations.  

After the Bologna Process, the discipline Numerical Methods in Aviation has been split in two parts; at 
the Faculty of Aerospace Engineering, both parts are mandatory for undergraduate studies: a first 
part, entitled Numerical Methods, is taught during the second semester of the second year of 
undergraduate studies, had a weekly of 2 hours course + 2 hours laboratory with practical applications 
and computer simulations allocated. A second part is now entitled Methods with Finite Differences, is 
taught during the second semester of the third year of undergraduate studies, had a weekly of 2 hours 
course + 2 hours laboratory allocated.  

Due to the significant changes of the Curricula, meaning the introduction of new courses and update 
of other courses, it came out the reduction of the total hours per semester allocated to each course. 
Therefore, after the Bologna Process, the Syllabus for the discipline Numerical Methods included the 
same topics, but giving far much less details from the following: 1/ Approximation of a single variable 
functions, 2.1 Numerical derivation, 2.2 Numerical integration; 3/ Solving non-linear equations (but in 
this case, the methods for finding the polynomial roots are no longer studied); 4/ Sources and error 
propagation in numerical computation; 5/ The methods for solving linear systems of equations are 
focused on direct methods (Gauss and Gauss - Jordan) and iterative methods (Jacobi and Gauss-
Seidel), some details regarding the numerical calculation of the inverse of a matrix, refining techniques 
and acceleration of convergence are given; chapters Eigenvalues and eigenvectors and Solving non-
linear systems of equations are summarized and briefly presented. The Syllabus for the discipline 
Methods with Finite Differences include the study of numerically solving the ordinary differential 
equations ODE's (Single-step methods versus  Multiple-step methods); Solving systems of ordinary 
differential equations ODE's and high-order differential equations; Solving partial derivatives 
differential equations PDDE's (first and second order PDDE's).  

Minor variations in content of the Syllabus can be found; for instance, at the Faculty of Engineering 
taught in Foreign Languages FILS, [11], at undergraduate studies the discipline Numerical Methods is 
scheduled for one semester, being weekly allocated 1 hour course and 2 hours laboratory, during the 
second year at French Stream (Methodes Numeriques), [5, 7] or being weekly allocated 2 hours 
course and 2 hours laboratory, during the third year at German Stream (Numerische 
Berechnungsverfahren, [4,6]), while the chapters dedicated to the study and numerical computation 
of ODE's and PDDE's are scheduled for graduate studies.  

From the pedagogy standpoint, the approach for introducing the elements of the course to the 
students, consists in the interactivity feature of the lessons, which has been proven by practice, and 
course management. The interactivity during practical applications from tutorials and numerical 
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simulations at the laboratory classes helps students to understand and learn specific knowledge and 
significant details.  

The best approach is that for each lesson, to present the numerical method and/or algorithms, as 
basic theory and representative significant applications that would point out the limitations of a specific 
method, followed by a step-by-step in-house construction of a code. Larger codes, commercial or 
already developed by somebody else are no appropriate, since the students are tempted to use such 
codes as black-boxes, with numbers as input and output, but with no clear idea or with no idea at all 
about what is happening inside the box.  

The purpose of selecting the most significant topics for the Syllabus, as well as the Curricula is that 
the students as prospective graduates should be prepared well enough to answer to the requirements 
of the labour market; for this goal, the students are meant to get a general instruction, with selected 
topics, but still with not too many details, such that to meet and cope with different work opportunities.  

After Bologna process, it became more and more important that the graduates should prove solid 
knowledge of very specific domains, which describe the subject of the complex engineering activities 
in current progress and development plans of a high-end employer.  Such demand can be fulfilled only 
by the means of additional courses (e.g.: post-graduate, master or PhD courses), that are supposed to 
be developed either in the academic environment or joint research and academic environment.   

3 RESEARCH EXPERIENCE AT INCAS  
The INCAS - National Institute for Aerospace Research "Elie Carafoli" of Bucharest, Romania has a 
long tradition (since 1950) as a company company specialized in research and development in the 
aeronautical and space fields, [3].   

Following the partnership with European and other international partners, as well as national 
academica, the researchers of the INCAS successfully carried on joint projects that were concluded by 
the design and construction of an in-house Flight Simulator and a 3D Virtual Reality Laboratory 3D 
VR, the latter being certified and the only one in the SE of Europe.  

From the employer's needs standpoint, the accomplishment of such a complex project, requires very 
good proficiency of specific knowledge from very demanding technical disciplines.  

The specificity of the research activity developed at INCAS requires engineering knowledge, skills and 
abilities, which in certain cases exceed the level of information that is being taught in undergraduate 
and / or graduate studies at the Faculty of Aerospace Engineering/ UPB, [10]. Aerodynamic design 
and Numerical Simulations of intricate flow patterns, over complex geometry, including the effects of 
high flight velocity (intense heat exchange, dissociation, radiation) require thorough details about 
numerical computation of ODE's and PDDE's. To summarize, Numerical Simulations and Computer 
Aided Engineering are two main pilars of the research and development activities at INCAS.  

The design of the Flight Simulator and the design of the 3D Virtual Reality Laboratory require good 
proficiency of high level disciplines; for instance, thorough details about the IT architecture, 
optimization and control. With reference to the Numerical Methods, the problems of flight dynamics 
and control are solved by using speciic knowledge of optimization, solving non-linear systems of 
equations, as well as ODE's and PDDE's. For implementing accurate and finely detailed imagistic 
applications, large amount of data must be processed, for which 3D numerical approximation had to 
be used. At present, the virtual reality applications available at the INCAS 3D Virtual Reality 
Laboratory, include: the IAR 99 TD fighter aircraft and its new mixed flows turbofan engine, the new 
site at Maneciu.  

In this particular case, the link between education and research is successfully proven by the abilities, 
skills and knowledge of a dedicated team, that has built and it is continuously developing an in-house 
Flight Simulator and a 3D Virtual Reality Laboratory.  

3.1 3D Flight Simulator with Panoramic View 

The Flight Simulator with Panoramic View has a multiple applications character, meaning that allows:  

1 pilots training and periodical testing and update training,  

2 solve and rehearse variate scenarios for aircraft collision avoidance, Fig. 1, Fig. 2, for different 
trajectories of both civil and military aircrafts,   
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3 provide useful information for investigations regarding aeronautical incidents and/ or accidents, 
during all phases of flight.  

   
 a) Trajectory Simulation # 1 b)  Trajectory Simulation # 2 

Fig. 1 – 3D Flight Simulator Panoramic View 

   
 a) study case # 1 b) study case # 2 

 
c) study case # 3 

Fig. 2 – Trajectory simulations for aircraft collision avoidance 
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3.2 Active Virtual Reality Laboratory – AERO-VR Project 3D Virtualization 
Capabilities  

3.2.1 Project Objective 

The main objective of AERO-VR project have been oriented to extending the research capability of 
INCAS – NATIONAL INSTITUTE OF AEROSPACE RESEARCH by the means of new generation IT 
techniques used to create active virtual reality. This will ensure the necessary simulation capabilities 
for aerospace research in perspective view beyond 2020 and also creates a collaborative interface for 
international projects where INCAS Institute act as partener. (ex. JTI Clean Sky, SESAR,Horizon 
2020) 

Virtual Reality Laboratory, as a part of AERO-VR project, is based exclusively on last generation IT 
technologies development and its main purpose is to create outstanding 3D explorative capabilities 
that will extend the classical research and development activities with new experimenting dimensions  
generated by the use of the interactive virtual reality. 

3.2.2 The 3D immersive Virtual Reality Laboratory with haptical systems 

The Virtual Reality Laboratory present at INCAS Research Institute, enables the development of 
interactive 3D virtualization for designing aerodynamic structures, the defining and validation of aircraft 
configuration in initial development stages, the finalising of general research project of airplane or 
components and also provide 3D visualization for wind tunnel aerodynamic data (subsonic wind tunnel 
and Tri-sonic wind tunnel). A 3D Laser Scanner is capable of providing structural data that could be 
merged in the complex 3D visualization scene. 

Another reason for the inclusion of a 3D virtualization capability is the activity of designing the pilot's 
seat and the various functional elements positioned inside the aircraft. One of the first steps in 
developing an aircraft is achieving a digital structure model - which can be fully assimilated in CATIA 
or another application package. Without virtualization it is mandatory to perform physical models and 
each change of shapes to generate new physical model versions. This 3D immersive virtual reality 
system will help designers to save a large amount of time and cut labour costs. 

COMPONENTS OF 3D VIRTUAL ROOM  

• Video wall – 4 displays of visualization (3 retroprojection, 1 direct projection) 

• 5 DELL servers in cluster configuration with last generation Nvidia FX type graphical 
architecture 

• Active 3D Stereo Projection System with 4 visualization directions (4K Projectors). 

• 3D Stereo Active Glases with synchronization system 

• Active tracking system with realtime image rendering 

• Virtual reality rendering software for immersive 3D visualization  

CAPABILITIES AND OPERATIONAL MODES : 

• 3D immersive visualization and exploration with interactive operation of 3D element structures 
using virtual manipulating devices like 3D joystick or active haptical glove 

• 3D content importing from various sources: Catia 5, Catia 6, AutoCAD, Solid Works, Inventor, 
3DStudio MAX etc. 

• Possibilities of multiple simultaneous interrogations of relative distances between 3D objects 
with real time update of values when objects are moving 

• Capability of create complete sceneries of mounting or dismounting for complex 3D structures 
or engines. Clashes are real time detected. 

• Complex 3D aninmations creation with multiple source lights generation and realtime simulation 
of reflections and shadows. 
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Fig. 3 - Virtual Reality Laboratory –structural elements exploration IAR99 TD aircraft. 

 
Fig. 4 Virtual Reality Laboratory –active interaction with aircraft structure using haptic glove  

0846



 
Fig. 5 Virtual Reality Laboratory -  technical room, projection system 

 
Fig. 6 Virtual Reality Laboratory -  technical room, projection system and cluster configuration 
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4 CONCLUSIONS 

The knowledge and abilities that the prospective graduates of the Faculty of Aircraft Engineering are 
supposed to be proficient, must by all means be completed in postgraduate studies, organized in 
partnership between academica (i.e. UPB, the Faculty of Aerospace Engineering) and the research 
partner, namely the INCAS, in purpose to satisfy its specific demands, for developing current and 
future international projects where INCAS Institute is an active partner.  

The authors highlight the issues generated by such transformation, with prospects and challenges for 
the educators, from the graduates and employer's needs standpoint. The link between education and 
research is successfully proven by the abilities, skills and knowledge of a dedicated team, that has 
built and it is continuously developing an in-house Flight Simulator and a 3D Virtual Reality 
Laboratory.  

The prospectives for the 3D Real Virtuality Laboratory can be extended to aerial and ground 
continuous surveillance (by image captured by RPV/ UAV) for significant areas and/ or domains, such 
as: country borders, traffic areas, urban agglomerations, surveillance of large and compact groups of 
people with potential risk to aggressive behaviour, to prevent incidents and crimes; also monitoring 
areas with potential risc to disasters (e.g. flood, landslides, sudden increases of flows in rivers).  

Other perspectives are given by the 3D Flight Simulator, with regards to the design, development of 
future pilot training programs, pilot testing and update training, and certification; such programs can be 
customized for civil and military pilots, for jet propelled aircraft, turbofan and turboprop aircraft and 
helicopters, as well.  

Another challenging use of the 3D Flight Simulator is in benefit of Air Traffic Management, aiming to 
solve and rehearse variate scenarios for aircraft collision avoidance, for different trajectories of both 
civil and military aircraft,   

The last but not the least, the 33D Flight Simulator can provide useful information for investigations 
regarding aeronautical incidents and/ or accidents, during all phases of flight.  
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