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Abstract. The relevance of the understudy problem is associated with a decrease in the quality of 

graph-geometric training of students-architects. This is manifested in the difficulties encountered 

in the construction of perspective images and shadows in the performance of course and diploma 

projects.  It is important that the knowledge of the building perspectives and shadows methods is 

a professionally important component of the architect education. The purpose of this article is to 

assess the effectiveness of the educational process and the quality of training in descriptive 

geometry of students-architects. For this purpose, a survey of students and analysis of the results 

were conducted. The raised questions concerned such aspects of the educational process as the 

program, structure and content of the discipline. According to the results of the study, the 

feasibility of expanding the course of descriptive geometry by including sections of projective 

geometry is given. As an example, the variants of solving a particular architectural problem using 

projective geometry are presented. It is concluded that it is expedient to study the methods of 

projective geometry in the course of descriptive geometry. The practical significance of the study 

is to obtain information to optimize the course of descriptive geometry. The usefulness of the study 

and application of projective geometry in the practice of solving complex architectural problems 

is shown on the example of solving a particular problem. 
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1. Introduction 

Among the many disciplines that form the graphic and geometric literacy of the architect, a special 

place is taken by descriptive geometry.  

Computer graphics capabilities allow to obtain visual images of architectural objects in the process 

of their design, which is very convenient for both the architect and the customer (Simenko 2017). 

However, the knowledge of these tools does not exclude the need for basic and systematic 

geometric training of students-architects, which at all times was a necessary condition for the 

architect professionalism (Tkachev 2008). 
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In descriptive geometry, the questions of the image of spatial forms on the plane, the possibility 

of graphic solutions of architectural geometric problems are considered, the geometry of the 

surface’s formation is studied, and ways to increase the visibility and visual reliability of the design 

object image are investigated. It is important for an architect to be able to perform and read 

orthogonal drawings, to build perspective and axonometric images, and to build shadows in all 

these projections. Learning this requires considerable effort and time, however, the obtained 

knowledge and skills can help the architect in the process of architectural design.  

Today in some architectural universities there is a reduction in the time of descriptive geometry 

studying, the program excludes sections that are important for understanding geometric patterns. 

There is a substitution of a deep understanding of the basics and geometric transformations 

possibilities by formal training of some constructing perspectives and shadows methods. This 

approach certainly reduces the ability of the architect to the creative embodiment of his plan 

(Kovaleva et. al. 2017, Shuvalova 2018). 

 

2. The state of grapho-geometric training of students-architects 

In Saint Petersburg State University of Architecture and Civil Engineering, a study was conducted 

to clarify the attitude of students to the organization of teaching descriptive geometry at this 

university and the demand for this discipline in further training and practice. The aim of the study 

was to find out ways to improve the efficiency of the educational process and the quality of 

students-architects training in descriptive geometry. The stated questions indirectly related to such 

aspects of the educational process as the program, structure and content of the discipline. 

The survey was conducted among the first-year students who have just completed the study of 

descriptive geometry and passed the exam, the third-year students who have completed course 

projects in various architectural and construction disciplines, and students who have defended the 

diploma and continue their studies in the magistracy. These students often already have experience 

in architectural and construction organizations. Thus, the 5-year period of demand for the 

knowledge of descriptive geometry fell under the study and evaluation of this at different stages 

of training.  

This approach allows us to get an idea of the dynamics of the evaluative opinion on the program 

of the discipline, its structure and content, as well as information about the importance of the 

discipline at each stage of training. Expert evaluation is the opinion of Master’s students. 

 

Table 1. Estimation of the descriptive geometry course volume in terms of completeness of 

information for further use. 

 

               Variant of answer 1 year A 3 year B Master. C 

   %    %    % 

I Excessive    0     0    0 

II Sufficient    65    50    0 

III Insufficient    35    50  100 
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This question essentially concerns the program for this discipline, its relevance in terms of further 

application to professional architectural training. 

 

 
 

Fig. 1.  Program evaluation 

 

General opinion -  the amount of material cannot be reduced. This is especially clearly reflected 

in the assessment of masters, and least of all – freshmen: they do not know what will come next, 

and what will be in demand. 

 

Table 2.  What is necessary to improve the quality of training in the discipline. 

 

Variant answer 1 year A 3 year B Master . 

% % % 

I Expand content 65 70 80 

II Reduce content 30 20 0 

III Leave without 

changes 

5 10 20 

 

Analyzing the distribution of students' recommendations when answering this question, we mean 

the content of the discipline sections, their richness in useful and effective information for 

perception. 

 

 
 

Fig. 2. Content assessment 

 

Table 3. What sections of the descriptive geometry course were more in demand in further 

training. 
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              Variant of answer 1 year  3 year  Master.  

% % %  
Orthogonal 

projection 

5 2 20 

 
Perspective 30 60 30  
Shadows 65 38 50 

 

This question is related to the structure of the course. Students are invited to assess the importance 

of each of the sections of descriptive geometry included in the program. 

The table 3 shows that the study of the section "Shadows" is relevant for the first-year students, 

which is associated with the implementation of subsequent course projects. The same reason 

makes the third-year students want more relevant training in the section "Perspective". The 

specificity of course projects determines the desire to solve current problems. The opinion of 

Master’s students with more experience in the development and design of architectural and 

construction projects is distributed more evenly across all positions. Comparing the structure of 

the current program and the request from the students, we note their compliance with the Master’s 

students’ assessment. 

The survey shows that students of all levels of training are interested in in-depth study of 

descriptive geometry. As the training is formed an understanding of the need to increase the 

amount of material for study, i.e. the expansion of the course. At the same time, the task of 

improving the quality of training should be addressed without reallocating the time allocated to 

each section.  

We believe that the absence of an extended course of descriptive geometry in the programs of 

architectural faculties, including projective geometry, is the reason of that without the computer 

help, graduate students of architectural faculties cannot independently perform a perspective image 

of architectural objects and build shadows.  Students have difficulties in building perspectives and 

shadows when the architectural task goes beyond the basic standard proposals, when they need to 

show knowledge of general geometric patterns and use universal geometric approaches. This 

possibility is given by projective geometry (Volberg 1949, Gernot 2012), which studies such 

properties of geometric objects that are preserved in any projection of an object from one plane to 

another. 

 

3.  Theoretical provisions 

The formation of projective geometry is associated with the development of painting and 

architecture in the Renaissance, when the need for theoretical justification of the perspective 

doctrine emerged.  Then for three hundred years there was the accumulation and systematization 

of geometric knowledge, which ended with the emergence of independent science – descriptive 

geometry. By the beginning of the twentieth century there was the understanding of common ideas 

and laws relating to different areas of descriptive geometry.  Efforts and talent of many scientists 

eventually developed projective geometry as a section of geometry studying projective planes and 

spaces (Polikarpov 2018). 
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Projective geometry complements Euclidean geometry, allowing to solve many problems of 

descriptive geometry beautifully and easily. Practical methods of descriptive geometry are 

generalized by a small number of theorems and constructions of projective geometry.  

Thus, the methods of constructing a flat figure on the picture plane are generalized by constructions 

related to the central collineation section. In the central projection there is a problem of finding a 

transformation on the plane, which would be equivalent to it. This transformation in projective 

geometry is called homology, it has the following properties (Chetverukhin 1953). 

1. Each real and vanishing point of the plane corresponds to its real and vanishing point of the 

same plane. 

2. Each straight line of the plane corresponds to the straight line of the same plane. 

3. The correspondence of corresponding lines’ points is kept. 

4. All the lines connecting the corresponding points intersect at the same point of the plane – the 

center of homology. 

5. The corresponding straight planes intersect with the constant straight line lying in this plane - 

with the axis of homology. 

Homology can always be established if the center of homology, its axis and a pair of corresponding 

points are defined, if the correspondence of intersecting lines is established, if three pairs of 

corresponding points are given, i.e. it is possible to build a corresponding figure for any geometric 

shape.  

When constructing a perspective in the picture, a perspective correspondence between the 

perspectives of points lying in the plane of the subject space and the prospects of their bases is 

established, while the axis of homology is the perspective of the intersection line of this plane and 

the subject plane. This correspondence simplifies the solution of positional problems in the future 

and reduces them to the tasks of finding the corresponding elements. 

Thus, the problems of linear perspective theory are related to the properties of the most general 

projective transformation. Building perspective images at the same time is the task of constructing 

the corresponding elements in the projective correspondence of the most general form. 

 

4. Practical application 

Let us consider the case of projective geometry application in solving the architectural problem of 

perspective construction. 

     

4.1 Objective: To construct in perspective a circle lying in an inclined plane (Fig. 3). 
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Fig. 3. Problem situation 

 

This curve can be found on the object with a dormer window on a roof slope. The glazing of such 

a window is made, of course, in the vertical plane and students are familiar with the algorithm of 

constructing a semicircle in the perspective of three points to two tangents passing through two of 

these points. But the eaves over this window ends with a semicircle, which has a certain slope 

relative to the vertical glazing.   

Note that the above problem can be interpreted as a construction of perspective on an inclined 

plane (Zmetny 1941). The theory of linear perspective on an inclined plane was developed for 

cases when the view of a high structure from the top or bottom view forces the viewer to raise or 

lower his head and violate the horizontal position of the main ray, and thus the vertical position of 

the picture plane. The methods of constructing the perspective on the inclined plane obtained as a 

result of the research are generalized with the known and generally accepted methods of 

constructing the perspective on the vertical plane and also make it possible to build the perspective 

of shadows and reflections (Budarin 2019).  

To solve the problem of constructing the perspective of this inclined curve it is necessary to solve 

additional problems. We offer three solutions. 

  

4.2 The first solution (Fig. 4a).  

We raise points А1 and В1 (points of the dormer window width) and point K1 (from which there 

will be the horizontal ridge of the dormer window) to the roof slope built in perspective (line К1 

V32). Then we raise point С1 to this straight ridge, respectively to point С2. Next we connect the 

point С1 with the point О1 – perspective middle of the line А1 В1. We get the slope of the eaves of 

the dormer window plane. 
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a)                                                                 b) 

Fig. 4. Solution options: a – the first solution; b- the second solution. 

 

The vanishing point of the inclined line С1 О1 (point V31) is found on the vertical line passing 

through V32. Tangents to the required curve at points А1, В1, as parallel lines  С1 О1, also pass 

through the point V31.  So, the curve of the eaves can be constructed according to the known 

algorithm by three points А1,   В1, С1 and two tangents α  А1,  b В1. The curve of the glazing 

of the dormer window is determined by points  А1, В1 and D1   К1 С1 and two vertical tangents. 

   

4.3  The second solution (Fig. 4b). 

On the slope constructed in the perspective, similar to the previous version of the solution, we 

show the points А1, В1, К1, С1, D1. The points А1, В1, D1, and vertical tangents at the points А1 

and B1 will determine the curve of the glazing. 

A dormer window is a cone with vertex S and the two grounds А1 В1 С1 and А1 В1 D1; line А1 В1   

– dual, i.e. it belongs and the other base. The point  D1 of the vertical plane corresponds to the 

point С1 of the inclined plane. Each point of the vertical curve passes to the point on the inclined 

curve along the cone, i.e. through the point S. The line В11 passes to В11'[(1-1')S] and the point 

2 of the vertical curve corresponds to the point 2' of the inclined curve. This correspondence is 

homology. 

 

4.4  The third solution 

All the points of the sloping curve of the dormer window can be constructed using the vertical 

planes of height. This method, of course, is the easiest, but the accuracy of the construction may 

be unsatisfactory. 
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5. Conclusion 

Analysis of the proposed solutions shows that the second option is the simplest and most accurate, 

where the use of homology was demonstrated. Thus, on the example of solving this simple 

architectural problem, it can be concluded that for more complex compositions, the advantage of 

using projective correspondences in the perspective construction is obvious. 

 

6. Recommendations 

The study of projective geometry allows us to consider the problems of descriptive geometry from 

a general point of view, combine them with a common geometric idea and show that the solution 

is to find certain corresponding elements in the affine or perspective correspondence of two planes. 

This approach makes it possible to obtain more general, simple and flexible methods for solving 

various geometric problems. Extension course in descriptive geometry by the inclusion of some 

important architects sections of projective geometry will allow giving to students-architects a 

universal tool for performing a visual perspective of the images and the construction of shadows. 
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