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Abstract. Natural relief adjustment for functional purpose - the task of 
vertical planning - is one of the main complexes of engineering preparation 
problems of urban areas, industrial sites, reclamation of irrigated land. 
Numerous methods of designing vertical levelling are aimed at building 
algorithms that would allow us to obtain an optimal solution in an 
automated mode. In the set of problems of engineering preparation of 
urban areas and industrial sites, vertical planning is defined as: 
1. a set of engineering and aesthetic measures aimed at adapting the 
natural relief for the needs of development and subsequent operation, 
taking into account the functional characteristics of the site 
2. a part of engineering preparation, which consists in providing a height 
arrangement of buildings and structures necessary for the best 
technological connection between individual objects, as well as a quick 
collection of atmospheric waters 
Reclamation of irrigated lands has specific requirements to design surface - 
maximum preservation of fertile layer, the satisfaction of cultivation 
technology conditions of different crops and irrigation technique. The main 
disadvantage of all known methods of designing vertical levelling is a 
cumbersome solution - a very labor-intensive way of successive 
approximation to an acceptable solution requires a large expenditure of 
computer time and subsequent manual revision. The article proposes one 
of the approaches to the design of levelling using geometric estimates. 

1 Introduction 

Modern software packages usually include the following design steps: 
1) Determining the design surface elevations that satisfy the specified technical 

requirements according to the chosen optimality criterion and the specified system of 
constraints. 

2) Selection of excavation contours with the indication of working volumes of cuts and 
embankments and coordinates of each contour's centers of gravity. 
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3) Selection of the most profitable transportation scheme with the indication of the routes 
of movement of soil. 

4) Calculation of the layout project's overall performance (area of the site, specific 
volumes of work, areas of work, etc. 

5) issuance of design and technical documentation (site plan with an indication of existing, 
design and working levels, tables of general indicators, tables of the scheme of 
transportation, etc.) 

6) Determination of design elevations of buildings and structures, characteristic points of 
roads. 

7) Graphic representation of the master plan of the object, i.e. layout diagram of buildings, 
structures and roads with the indication of reference and design elevations for each 
characteristic point, distances between them, longitudinal slope and its directions. 

8) Graphic representation of longitudinal profiles for each road section. [1,3,4,5] 
The following parameters are set as input information: 

1) Initial elevations, ground and water table category in the nodes of the master plan grid 
(relief section). 

2) Coordinates of planned surface areas on the master plan of the facility. 
3) Water flow direction for each planned surface area. 
4) Coordinates of buildings, structures, and communications. 
5) Limitations on the permitted road slopes. 
6) Economic characteristics (cost of soil development, its removal, import). [7,8] 

As an economic criterion of optimality is usually considered: 
1) The minimum of the total amount of earthworks. 
2) Minimum value of cutback, i.e. ensuring maximum proximity of the project to the 

existing surface.  
3) Zero balance of earthworks. 
4) Minimum of total costs of land levelling.  
5) Minimum cost of construction works [9,10,19,20] 

The first three goals are the most common in traditional urban planning. 
When solving reclamation tasks, the most promising is the criterion of minimum total 

costs, including the cost of fertility restoration. 
Depending on the existing relief complexity and specifics of the problem to be solved, 

the design surface type may be different. 
There are currently software complexes developed in the Republic of Uzbekistan that 

can satisfy a wide range of designers' requirements - improvement of design quality due to 
optimization, the possibility to vary design parameters to obtain a more effective 
technological solution, reduction of design time, etc. 

The development of such complexes became possible due to creating the theory and 
methods of optimal design of vertical planning. [14,15,16,17,18] 

Let us note the following moments in the development of the theory and methods of 
vertical levelling design optimization: 
1) During quite a long time, approaches to the analytical solution of vertical planning tasks 

didn't change essentially - the introduction of modern super and microcomputers into 
design practice allowed to get a great number of design solutions, to make those or other 
corrections to the project quickly, to create more comfortable working conditions for 
designers, but methods of solution of the above tasks remained the same at present as 
well. 
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2) Attempts made by a special selection of target function type and restriction system to 
solve several optimization problems simultaneously do not lead to the desired result. An 
overcomplicated task with a large volume of calculations requires the designer 
mathematical knowledge when necessary to make corrections in the project. In turn, 
reducing the planning task to subtasks of step-by-step optimization using iterative 
methods also does not always lead to an optimal solution. 

3) The need for "manual" project fine-tuning is due to the lack of an initial data analysis 
stage, taking into account the terrain's geometric features. Even in cases where software 
tools allow visualizing the process of creating a layout project, the designer has no 
reliable means of checking the optimality solution. The vertical layout design strategy is 
steadily cyclic or branched, while the most effective and cost-effective strategies are 
linear and with a minimum of cycles.  

2 Methods 

Vertical layout is a multi-model and multi-variant task. Multi-model is due to the 
differences in the specific conditions and technical specifications in urban planning, 
industrial and reclamation construction. Multi-variance arises from the availability of 
multiple design solutions with different costs when the design surface choice, regardless of 
the type of design, depends on many factors: terms of reference, type of terrain, availability 
of software and computational tools, etc. 

Modern program complexes of planning are oriented at using supercomputers and 
personal computers of IBM PC type, compatible, depending on the size of the problem to 
be solved, with AutoCAD system and a wide set of service graphics programs. [2,6]  

In the program complexes for vertical planning of industrial areas and sections of urban 
areas, the method of least squares is used: design marks are determined for characteristic 
points given within the limits of the master plan so that the sum of the deviations of design 
marks from the existing ones would be minimal (maximum preservation of relief). 

It may be noted that most of the known methods are reduced to the problems of 
mathematical programming - linear, quadratic, dynamic, etc., most often as follows: 
1. Minimize 

 
𝑉𝑉 = ∑ 𝛽𝛽𝑗𝑗|ℎ𝑗𝑗𝑙𝑙|

𝑛𝑛𝑛𝑛
𝑗𝑗=1    (1) 

 

with conditions Ah≥b 
where A is the matrix of coefficients of the system of conditions 
 

𝜀𝜀1 ≤ 𝑍𝑍𝑗𝑗 − 𝑍𝑍𝑗𝑗+1 ≤ 𝛼𝛼1   (2) 
𝜀𝜀2 ≤ 𝑍𝑍𝑗𝑗 + 𝑍𝑍𝑗𝑗+𝑛𝑛 ≤ 𝛼𝛼2     

 

Zj is design elevation, n is number of marks in a row, 𝜀𝜀1 𝛼𝛼 − 𝜀𝜀1 𝛼𝛼 − 

 

𝜀𝜀3 ≤ 𝑍𝑍𝑗𝑗+𝑛𝑛 − 𝑍𝑍𝑗𝑗+1 ≤ 𝛼𝛼3 
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𝜀𝜀4 ≤ 𝑍𝑍𝑗𝑗−1 − 2𝑧𝑧𝑗𝑗 + 𝑍𝑍𝑗𝑗+1 ≤ 𝛼𝛼4 

𝜀𝜀5 ≤ 𝑍𝑍𝑗𝑗−1 − 2𝑧𝑧𝑗𝑗 + 𝑍𝑍𝑗𝑗+𝑛𝑛 ≤ 𝛼𝛼5 

are design parameters. 

2. Minimise 
 

𝑄𝑄 = ℎ𝑇𝑇𝐵𝐵ℎ  (3) 

 

under the constraints Ah≥b, where A is the matrix of coefficients of the system of 
conditions of task 1. 

3 Minimise costs 
 

R=(c,v)   (4) 
 

under the constraints Ah≥b, Bh-Dv=O, v≥0, C is a vector of moving costs per unit of soil 
along each of the possible routes, v is a vector of volumes moved along each of possible 
routes, B is a diagonal matrix of weights, D is transport matrix. 
4 Minimise the function 
 

𝑉𝑉 = ∑ 𝛽𝛽𝑗𝑗|𝑐𝑐 − 𝑥𝑥𝑗𝑗𝑖𝑖𝑥𝑥 − 𝑦𝑦𝑗𝑗𝑖𝑖𝑦𝑦 − 𝐻𝐻𝑗𝑗|𝑚𝑚𝑚𝑚
𝑗𝑗=1    (5) 

 

with restrictions on design slopes 
 

𝑖𝑖𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑖𝑖𝑥𝑥 ≤ 𝑖𝑖𝑥𝑥𝑚𝑚𝑚𝑚𝑚𝑚 

𝑖𝑖𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑖𝑖𝑦𝑦 ≤ 𝑖𝑖𝑦𝑦𝑚𝑚𝑚𝑚𝑚𝑚 

 

to the working points 
 

ℎ𝑗𝑗𝑚𝑚𝑚𝑚𝑚𝑚 ≤ 𝑐𝑐 − 𝑥𝑥𝑗𝑗𝑖𝑖𝑥𝑥 − 𝑦𝑦𝑗𝑗𝑖𝑖𝑦𝑦 − 𝐻𝐻𝑗𝑗 < ℎ𝑗𝑗𝑚𝑚𝑚𝑚𝑚𝑚 

 

Let us make the following conclusions: 
1) It is possible to change the cyclic nature of vertical layout design only by changing the 

design strategy itself, focusing on analyzing initial data and the existing surface. 
2) The search for the design surface should be carried out by setting several optimality 

criteria, which makes it possible to generate multiple design solutions - this, in turn, is a 
prerequisite for the functioning of modern design systems. 

3) A reliable tool for selecting the optimal solution among the set of obtained solutions is 
necessary. 

4) All variety of variants of design surface search can be reduced to a linear programming 
problem. [11,12.13] 
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Let us make the following conclusions: 
1) It is possible to change the cyclic nature of vertical layout design only by changing the 

design strategy itself, focusing on analyzing initial data and the existing surface. 
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necessary. 

4) All variety of variants of design surface search can be reduced to a linear programming 
problem. [11,12.13] 

The following procedure sequence for vertical planning can be proposed: 
1) Analysis of initial data, search and construction of structural lines, regularization of 

initial data network. 
2) Determination of interpolant type, construction of interpolating (approximating) surface. 
3) Partitioning the regions into sections Gi with equal curvature (into sections of equal 

complexity). One of the possible partitioning options is shown in Fig. 1 
 

  
Fig. 1 

1) Determination of preliminary geometric estimates. The known vertical levelling design 
methods do not include this step, but geometric estimates more fully characterize both 
the existing and the projected surface. 

2) It is also possible to estimate G of positive, negative, and mixed curvature with known 
Ri (Fig. 1) 

3) Selection of the design surface, depending on the design situation (under a plane, under 
a plane system, under a two-slope plane, under a topographic surface, etc.) 

4) Selection of the target function, followed by the solution of the linear programming 
problem. 

5) Solution of the transport problem between the planned sites Gi  
6) Selection of the design solution among the set of generated ones.  
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3 Results 

Consider the following example. Let the relief section be given, represented by the DEM 
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structural lines and structural model of the relief area are determined. The figure shows the 
level lines of the approximation surface, the areas with uniform curvature are marked, the 
radii of the maximum neighborhoods are given. 

Preliminary geometrical estimates for plots G1 and G2 are determined 
The radii of the maximum neighborhoods of the sections G1 and G2 are given 6 c.u. 

(conventional unit) and 20 c.u. (conventional unit)  respectively depending on the scale.  
the length of the boundary of the region  𝐺𝐺1 
 

𝑃𝑃𝑛𝑛 ≈ 20 [3𝜋𝜋 +
(36 − 14 − 3)𝜋𝜋

3 − (36 − 20)𝑊𝑊(4)
(+)+] = 20 ∙ [3 ∙ 3,14 + 19 ∙ 3,14

3 − 16 ∙ 1]

= 266,3 𝑐𝑐. 𝑢𝑢. 
 
the length of the boundary of the region  𝐺𝐺2 
 

𝑃𝑃𝑛𝑛 ≈ 6 [3𝜋𝜋 + 6∙𝜋𝜋
3 + 9 ∙ 𝑊𝑊(4)

(1)∗]  𝑃𝑃𝑛𝑛 ≈ 6 [3𝜋𝜋 + 6∙𝜋𝜋
3 + 9 ∙ 1] = 148,2 𝑐𝑐. 𝑢𝑢. 

 
preliminary estimates of areas 𝐺𝐺1 and 𝐺𝐺2, respectively 
 

𝑆𝑆1 ≤
𝐶𝐶𝐶𝐶2(2𝜋𝜋 −𝑊𝑊(4)𝑖𝑖

(1)∗)
2

4𝜋𝜋 = 2 ∙ 400(2 ∙ 3,14 − 1)2
4 ∙ 3,14 = 1775,6 (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐. 𝑢𝑢. ) 

 
 

𝑆𝑆2 ≤
4 ∙ 36(2 ∙ 3,14 + 1)2

4 ∙ 3,14 = 607,6 (𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑐𝑐. 𝑢𝑢. ) 

 
Consider several options for constructing a design surface represented by a system of 

planes. In the case when the goal function is the minimum of the total volume of 
earthworks, the discrete analogue of the desired model of the design surface will be 
determined as a result of solving the linear programming problem: (for section 𝐺𝐺1) 
minimize the objective function 
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earthworks, the discrete analogue of the desired model of the design surface will be 
determined as a result of solving the linear programming problem: (for section 𝐺𝐺1) 
minimize the objective function 

 

𝑉𝑉 = ∑ 𝑆𝑆𝑖𝑖𝑖𝑖𝑧𝑧𝑖𝑖𝑖𝑖
𝑖𝑖=4
𝑗𝑗=9
𝑖𝑖=1
𝑗𝑗=1

→ 𝑚𝑚𝑚𝑚𝑚𝑚   𝑧𝑧𝑖𝑖𝑖𝑖 = 𝑧𝑧1𝑗𝑗+𝑧𝑧2𝑗𝑗+𝑧𝑧1𝑗𝑗+1+𝑧𝑧2𝑗𝑗+1
4  

 
𝑆𝑆𝑖𝑖𝑖𝑖is area of the j-th network element 
 

𝑉𝑉1 = 𝑆𝑆1𝑧𝑧1
(𝑐𝑐) + 𝑆𝑆2𝑧𝑧2

(𝑐𝑐) + ⋯+ 𝑆𝑆38𝑧𝑧38
(𝑐𝑐) → 𝑚𝑚𝑚𝑚𝑚𝑚 

 
𝑆𝑆1 = 𝑆𝑆37 = 8,02 𝑆𝑆2 = 𝑆𝑆38 = 7,94 𝑆𝑆3 = 𝑆𝑆36 = 7,96 𝑆𝑆4 = 𝑆𝑆35 = 8,03 
𝑆𝑆5 = 𝑆𝑆34 = 8,24 𝑆𝑆6 = 𝑆𝑆33 = 8,12 𝑆𝑆7 = 𝑆𝑆32 = 8,10 𝑆𝑆8 = 𝑆𝑆31 = 8,14 
𝑆𝑆9 = 𝑆𝑆30 = 8,34 𝑆𝑆10 = 𝑆𝑆29 = 8,22 𝑆𝑆11 = 𝑆𝑆28 = 8,27 𝑆𝑆12 = 𝑆𝑆27 = 8,24 
𝑆𝑆13 = 𝑆𝑆26 = 8,33 𝑆𝑆14 = 𝑆𝑆25 = 8,21 𝑆𝑆15 = 𝑆𝑆24 = 8,01 𝑆𝑆16 = 𝑆𝑆23 = 7,96 

𝑆𝑆17 = 𝑆𝑆22 = 8,03 𝑆𝑆18 = 𝑆𝑆21 = 7,93 𝑆𝑆19 = 𝑆𝑆20 = 7,98 
 

 
under the following restrictions 

 

{
 
 
 
 
 

 
 
 
 
 2𝑍𝑍1

(𝐶𝐶) + 2𝑍𝑍2
(𝐶𝐶) + 𝑍𝑍3

(𝐶𝐶) + 𝑍𝑍4
(𝐶𝐶) + 𝑍𝑍5

(𝐶𝐶) + 2𝑍𝑍6
(𝐶𝐶) + 𝑍𝑍7

(𝐶𝐶) + 𝑍𝑍8
(𝐶𝐶) + 𝑍𝑍9

(𝐶𝐶) + 𝑍𝑍10
(𝐶𝐶) + 𝑍𝑍11

(𝐶𝐶) + 𝑍𝑍12
(𝐶𝐶) +

+𝑍𝑍13
(𝑐𝑐) + 𝑍𝑍14

(𝑐𝑐) ≥ 120,7
𝑍𝑍15 + 𝑍𝑍16 + 2𝑍𝑍17 + 2𝑍𝑍18 + 𝑍𝑍19 + 𝑍𝑍20 + 𝑍𝑍21 + 𝑍𝑍22 + 𝑍𝑍23 + 𝑍𝑍24 + 𝑍𝑍25 + 𝑍𝑍26 + 𝑍𝑍27 ≥ 106,5

2𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3 + 2𝑍𝑍28 + 𝑍𝑍29 + 𝑍𝑍30 + 𝑍𝑍31 + 𝑍𝑍32 + 𝑍𝑍33 + 𝑍𝑍34 + 𝑍𝑍35 + 𝑍𝑍36 + 𝑍𝑍37 + 𝑍𝑍38 ≥ 113,6
2𝑍𝑍1 + 𝑍𝑍2 + 𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5 + 2𝑍𝑍6 + 𝑍𝑍7 + 𝑍𝑍8 + 𝑍𝑍9 + 𝑍𝑍10 + 𝑍𝑍11 + 𝑍𝑍12 + 𝑍𝑍13 + 𝑍𝑍14 ≤ 128,4

2𝑍𝑍15 + 2𝑍𝑍16 + 𝑍𝑍17 + 𝑍𝑍18 + 𝑍𝑍19 + 𝑍𝑍20 + 𝑍𝑍21 + 𝑍𝑍22 + 𝑍𝑍23 + 𝑍𝑍24 + 𝑍𝑍25 + 𝑍𝑍26 + 3𝑍𝑍27 ≤ 138,6
2𝑍𝑍28 + 𝑍𝑍29 + 𝑍𝑍30 + 𝑍𝑍31 + 𝑍𝑍32 + 𝑍𝑍33 + 𝑍𝑍34 + 𝑍𝑍35 + 𝑍𝑍36 + 𝑍𝑍37 + 2𝑍𝑍38 ≤ 107,8

𝑍𝑍1 + 3𝑍𝑍2 + 2𝑍𝑍3 + 𝑍𝑍4 + 𝑍𝑍5 + 𝑍𝑍6 + 𝑍𝑍7 + 𝑍𝑍8 + 𝑍𝑍9 + 𝑍𝑍10 + 𝑍𝑍11 + 𝑍𝑍12 + 𝑍𝑍13 + 𝑍𝑍14 = 124,78
3𝑍𝑍15 + 𝑍𝑍16 + 𝑍𝑍17 + 𝑍𝑍18 + 𝑍𝑍19 + 𝑍𝑍20 + 𝑍𝑍21 + 𝑍𝑍22 + 𝑍𝑍23 + 𝑍𝑍24 + 𝑍𝑍25 + 𝑍𝑍26 + 𝑍𝑍27 + 𝑍𝑍28 = 127,54

𝑍𝑍1 > 0        𝑍𝑍2 > 0   …    𝑍𝑍38 > 0

 

 
for the 𝐺𝐺2 section, a similar problem of minimizing 
 

𝑉𝑉2 = 𝑆𝑆1ˊ 𝑍𝑍1
ˊ(𝑐𝑐) + 𝑆𝑆2ˊ 𝑍𝑍2

ˊ(𝑐𝑐) + ⋯+ 𝑆𝑆9ˊ 𝑍𝑍9ˊ → 𝑚𝑚𝑚𝑚𝑚𝑚 
 

𝑆𝑆1ˊ = 7,00 𝑆𝑆2ˊ = 6,92 𝑆𝑆3ˊ = 7,03 𝑆𝑆4ˊ = 7,24 𝑆𝑆5ˊ = 7,47
 𝑆𝑆6ˊ = 7,73 𝑆𝑆7ˊ = 8,01 𝑆𝑆8ˊ = 8,31 𝑆𝑆9ˊ = 8,60 

 
under the following restrictions 
 

{
 

 2𝑍𝑍1′ + 𝑍𝑍2′ + 𝑍𝑍3′ + 𝑍𝑍4′ + 𝑍𝑍5′ + 𝑍𝑍6′ + 𝑍𝑍7′ + 𝑍𝑍8′ + 2𝑍𝑍9′ ≥ 83,24
𝑍𝑍1′ + 2𝑍𝑍2′ + 𝑍𝑍3′ + 2𝑍𝑍4′ + 𝑍𝑍5′ + 𝑍𝑍6′ + 𝑍𝑍7′ + 𝑍𝑍8′ + 𝑍𝑍9′ ≤ 86,16
𝑍𝑍1′ + 2𝑍𝑍2′ + 4𝑍𝑍3′ + 𝑍𝑍4′ + 𝑍𝑍5′ + 𝑍𝑍6′ + 𝑍𝑍7′ + 𝑍𝑍8′ + 2𝑍𝑍9′ = 106,41

𝑍𝑍1′ > 0     𝑍𝑍2′ > 0 …  𝑍𝑍9′ > 0

 

 
As a result of the implementation of the simplex-algorithm, we obtain the following values of heights 
for sections 𝐺𝐺1 and 𝐺𝐺2 
 

𝑍𝑍1
(𝑐𝑐) = 7,1 𝑍𝑍2

(𝑐𝑐) = 7,3 𝑍𝑍3
(𝑐𝑐) = 7,0 𝑍𝑍4

(𝑐𝑐) = 7,1 𝑍𝑍5
(𝑐𝑐) = 7,0

 𝑍𝑍6
(𝑐𝑐) = 7,1 𝑍𝑍7

(𝑐𝑐) = 7,0 
𝑍𝑍8

(𝑐𝑐) = 7,8 𝑍𝑍9
(𝑐𝑐) = 7,2 𝑍𝑍10

(𝑐𝑐) = 7,3 𝑍𝑍11
(𝑐𝑐) = 7,2 𝑍𝑍12

(𝑐𝑐) = 7,1
 𝑍𝑍13

(𝑐𝑐) = 7,2 𝑍𝑍14
(𝑐𝑐) = 7,1 
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𝑍𝑍15
(𝑐𝑐) = 7,2 𝑍𝑍16

(𝑐𝑐) = 7,2 𝑍𝑍17
(𝑐𝑐) = 7,3 𝑍𝑍18

(𝑐𝑐) = 7,5 𝑍𝑍19
(𝑐𝑐) = 7,4

 𝑍𝑍20
(𝑐𝑐) = 7,1 𝑍𝑍21

(𝑐𝑐) = 7,2 
𝑍𝑍22

(𝑐𝑐) = 7,2 𝑍𝑍23
(𝑐𝑐) = 7,3 𝑍𝑍24

(𝑐𝑐) = 7,4 𝑍𝑍25
(𝑐𝑐) = 7,3 𝑍𝑍26

(𝑐𝑐) = 7,8
 𝑍𝑍27

(𝑐𝑐) = 7,2 𝑍𝑍28
(𝑐𝑐) = 7,1 

𝑍𝑍29
(𝑐𝑐) = 7,1 𝑍𝑍30

(𝑐𝑐) = 7,1 𝑍𝑍31
(𝑐𝑐) = 7,4 𝑍𝑍32

(𝑐𝑐) = 7,04 𝑍𝑍33
(𝑐𝑐) = 7,1

 𝑍𝑍34
(𝑐𝑐) = 7,2 

 
𝑍𝑍35

(𝑐𝑐) = 𝑍𝑍36
(𝑐𝑐) = 𝑍𝑍37

(𝑐𝑐) = 𝑍𝑍38
(𝑐𝑐) = 7,2 

 
𝑍𝑍1′ = 6,13 𝑍𝑍2′ = 6,24 𝑍𝑍3′ = 6,31 𝑍𝑍4′ = 6,34 𝑍𝑍5′ = 6,13

 𝑍𝑍6′ = 6,423 𝑍𝑍7′ = 6,43 𝑍𝑍8′ = 𝑍𝑍9′ = 6,37 
 

 
Fig. 2 

 
Fig. 3 

At this stage, the required surface is represented by figures 1 and 2.  If the systems of 
restrictions and additional conditions are set - the maximum preservation of the existing 
relief, that is, to limit the difference ∆𝑍𝑍𝑖𝑖 between the heights of the design and existing 
surface to ∆𝑍𝑍𝑖𝑖 = 0,2, then the sought surface will be represented by the fig. 4 
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𝑍𝑍15
(𝑐𝑐) = 7,2 𝑍𝑍16

(𝑐𝑐) = 7,2 𝑍𝑍17
(𝑐𝑐) = 7,3 𝑍𝑍18

(𝑐𝑐) = 7,5 𝑍𝑍19
(𝑐𝑐) = 7,4

 𝑍𝑍20
(𝑐𝑐) = 7,1 𝑍𝑍21

(𝑐𝑐) = 7,2 
𝑍𝑍22

(𝑐𝑐) = 7,2 𝑍𝑍23
(𝑐𝑐) = 7,3 𝑍𝑍24

(𝑐𝑐) = 7,4 𝑍𝑍25
(𝑐𝑐) = 7,3 𝑍𝑍26

(𝑐𝑐) = 7,8
 𝑍𝑍27

(𝑐𝑐) = 7,2 𝑍𝑍28
(𝑐𝑐) = 7,1 

𝑍𝑍29
(𝑐𝑐) = 7,1 𝑍𝑍30

(𝑐𝑐) = 7,1 𝑍𝑍31
(𝑐𝑐) = 7,4 𝑍𝑍32

(𝑐𝑐) = 7,04 𝑍𝑍33
(𝑐𝑐) = 7,1

 𝑍𝑍34
(𝑐𝑐) = 7,2 

 
𝑍𝑍35

(𝑐𝑐) = 𝑍𝑍36
(𝑐𝑐) = 𝑍𝑍37

(𝑐𝑐) = 𝑍𝑍38
(𝑐𝑐) = 7,2 

 
𝑍𝑍1′ = 6,13 𝑍𝑍2′ = 6,24 𝑍𝑍3′ = 6,31 𝑍𝑍4′ = 6,34 𝑍𝑍5′ = 6,13

 𝑍𝑍6′ = 6,423 𝑍𝑍7′ = 6,43 𝑍𝑍8′ = 𝑍𝑍9′ = 6,37 
 

 
Fig. 2 

 
Fig. 3 

At this stage, the required surface is represented by figures 1 and 2.  If the systems of 
restrictions and additional conditions are set - the maximum preservation of the existing 
relief, that is, to limit the difference ∆𝑍𝑍𝑖𝑖 between the heights of the design and existing 
surface to ∆𝑍𝑍𝑖𝑖 = 0,2, then the sought surface will be represented by the fig. 4 

 

 
Fig. 4 

at the next stage, between the planned sections 𝐺𝐺1 and 𝐺𝐺2, the transport problem is solved: 
 

∑∑𝐶𝐶𝑖𝑖𝑖𝑖𝑋𝑋𝑖𝑖𝑖𝑖 → 𝑚𝑚𝑚𝑚𝑚𝑚
9

𝑗𝑗=1

5

𝑖𝑖=1
 

 
Where 𝑋𝑋𝑖𝑖𝑖𝑖is the amount of soil transported from the i section to the j 
𝐶𝐶𝑖𝑖𝑖𝑖-the cost of transporting soil from the i section to the j 
The resulting surface is shown in Fig. 5 

 

 
Fig. 5 

In specifying a system of constraints, the goal function takes the value 𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 = 2292,36 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐. 𝑢𝑢. ) 
When the system of restrictions changes, the target function also changes  
𝑓𝑓𝑚𝑚𝑚𝑚𝑚𝑚 = 1892,36 (𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑐𝑐. 𝑢𝑢. ) 

4 Conclusion 
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The vertical levelling task, being geometric in essence, requires geometric methods for its 
solution, not only mathematical ones. 

Preliminary analysis of the existing surface, areas of varying curvature allows you to 
give an advance estimate of the upcoming layout. 
This, in turn, reduces the number of cycles in the design process. 
Geometric estimates of areas with equal curvature also reduce the time of solving the 
transport issue. 
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