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ABSTRACT. As a rule, excessive data is used to solve any problem in practice. When it happens, the problem has several solutions (or, in some cases, a possibly
infinite number thereof). As a result, a problem arises of how to optimise the solution process.

The purpose of the optimisation problem is to find a solution in accordance with any objective function (such as the criterion of efficiency or quality). Most practical
problems are nonlinear in nature, i.e. the objective function and /or the connections between the parameters are nonlinear. The following algorithms of search
optimisation have been developed for solving optimisation nonlinear problems: genetic algorithms, the method of simple search with a variable step size, the parabolic
optimisation method. The paper describes the results of running search algorithms in Visual Basic for Applications (VBA) for solving optimisation problems in
geodesy.

Search methods are very effective in solving optimisation nonlinear problems due to their advantages:

- a great variety of mathematical algorithms which have already been developed;

- the possibility of combining these algorithms with each other and with other methods of nonlinear programming;

- ease of programming;

- independence from the accuracy of the preliminary values of the parameters defined;

- there is no need to formulate error-correction equations or constraint equations or use a system of normal equations and solve them.

Search methods are convenient in programming and a large number of already existing methods along with the development of new search algorithms makes it
possible to adapt them to solving any problems. This article discusses the possibility of using search methods in solving optimization nonlinear geodetic problems
using the example of approximation of the results of measurements of a circle. To significantly speed up the search process, the algorithm for determining the
minimum parabola is considered.
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PELLABAHE HA ONTUMU3ALIMOHHW 3AOAYN B FTEOAE3NATA YPE3 METOAMU HA TbPCEHETO
Hadexda H. Enuceesa, AHOpeli B. 3y6os
CaHkmnemepbypacku MuHeH yHusepcumem, 199106 Caqkm lNemepbype

PE3IOME. Ob1KHOBEHO peLLaBaHeTO Ha MpaKTMYeCKUTe 3afjayn Ce U3BBPLLBA B YCNOBUATA HA M3MWLLBLK OT AaHHW. KoraTo ToBa ce cnyuw, 3afjadqata uma HSKOMKko
peLUeHus, (a B Hskou cnyyauTe ca 6eskpaiiHo MHOTO Ha 6poit). B pesyntaT Ha ToBa Bb3HMKBA BBMPOCHT Kak fia Ce ONTUMM3MPa NPOLiEca Ha TbpCeHe Ha peLLeHue.
Llenta Ha onTUMM3aLMATa e Aa Ce HaMepu pelUeHne B CbOTBETCTBME C BCAKa LieneBa (DyHKUMS (kaTo KpuTepus 3a edpeKTUBHOCT Mnu ka4yecTBo). MMoBeyeTo
NpaKTU4eCK! ONTUMW3ALMOHHW 33Ja4M Ca HEMWHENHW MO CBOATAa CBLUHOCT, T.e. Lenesata (yHKUMS WWM BPb3KATE MeXOy napameTpuTe ca HemnuHenHu.
Pa3paboTeHu ca MHOXeCTBO anropuTMi 3@ TbPCEHETO Ha OMTUMANHO PELUEHNE NPU HENMMHEItHN ONTUMM3ALIMOHHY 33[3auM: FeHETUYHN anropuTM1, METOA Ha MPOCTO
TbPCEHe C NPOMEHNMB pa3Mep Ha CTbrkaTa, MeTof 3a napabonuyHa onTuMM3aLms. B cTatusaTa ca onucaHu pesynTtatute oT pabota ¢ anropuTMK 3a TbpCeHe,
peanuanpanu BbB Visual Basic for Applications (VBA) 3a pellaBaHe Ha ONTUMWU3ALMOHHYW 3adauu B reogeansta. Metogute 3a TbpCeHe ca MHOMO €CheKTUBHU Mpy
peLLaBaHe Ha HEMMHElHM 3afa4m 3a ONTUMW3aLMA NOPaay CrefHUTe NPeAUMCTBa:

- roNsIMo pasHooBpasvie 0T MaTemMaTU4YeCKU anropuTMK, KOUTO Beve ca paspaboTer;

- Bb3MOXHOCTTa 3@ KOMOMHMPaHE Ha Te3n anropuTMi NOMEXAY UM W C ApYr METOAM Ha HENWHENHO Nporpamupaxe;

- NECHY 3a NPOrpaMHa peanu3aLms;

- HE3aBMCHMOCT Ha TOYHOCTTa OT MpefBapUTENHUTE CTONHOCTM HA MapameTpuTe;

- He e HeobxoAnmo fa ce opMynMpaT ypaBHEHUS 33 KOPEKUMS Ha TPEeLUKN UMK YpaBHEHWS Ha OrPaHUYeHUsiTa UMM Aa Ce W3Monasa CUCTeMa OT HOpMarHM
ypaBHEHWS, KOWTO Aia ce peluaBar.

MeToauTe 3a TbpceHe ca yaobHM 3a U3nonaeaHxe, a ronemusaT 6poit Beye CbLUECTBYBALLM METOAM, 3aeAHO C pa3paboTBaHEeToO Ha HOBW anropuTMM 3a ThPpCeHe, fAaBaT
Bb3MOXHOCT 33 afanTvupaHeTo UM KbM pellaBaHe Ha Bcskaksu npobrnemu. B Tasu ctatvs ce pasrnexaa Bb3MOXHOCTTa 3a M3MOn3BaHe Ha METOAN 3@ TbPCeHe npu
peLLaBaHe Ha OMTUMW3ALMOHHM HEMMHENHN reofe3nyecky 3afayu, U3nonasanky NpumMepa Ha anpokcuMaLysiHa pesynTaTute OT N3MepBaHUATa Ha OKPBXHOCT. 3a
3HAYMTENHO yCKopsiBaHE Ha NpoLieca Ha TbPCEeHe Ce pasrnexaa anropuTsM 3a MUHUMU3aLms no napabona.

KniouoBu AYMU: ONTUMU3aLMA; U3NbKHANOo NporpaMmupaHe; MeToau Ha TbpceHe; onTummnsauusa no napaﬁona

Introduction understood as the process of choosing the best solution of the

problem from all possible (Turchak L., 1987). Currently,

Modern measuring tools allow to get a lot of information optimisation problems arise in various fields of scientific and

about an object, for example, when scanning millions of points. industrial activity. The purpose of optimisation is to find a

Due to the overabundance of data, the required parameters solution in accordance with any objective function (criterion of
can be obtained many times (many solutions). Optimisation is efficiency, quality, accuracy, reliability, etc.).
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Among non-linear optimisation of surveying and geodetic
applications, we can mention:

- strain prediction;
-finding  communication
coordinate systems;

- reconciliation of non-linear engineering structures;

- combining digital images;

- equalisation of planned and spatial networks, etc.

The methods of solving optimisation problems are quite
diverse and have a branched classification (Kuznetsov A.V.,
1994). At present, there is a possibility for widespread
implementation of search methods for solving such problems.
These methods are very effective because of their advantages,
including:

- wide variety of already developed mathematical algorithms;

- possibility of combining these algorithms with each other and
with other methods of nonlinear programming;

- easy software implementation;

- independence from the accuracy of the preliminary values of
the determined values (you can take values that are far from
true, and the decision process is not violated);

-need to create an equation of the amendments or the
equation of the relationship, to move to a system of normal
equations and solve them;

- there is no need even for the first analogue derivatives in the
linearisation of the calculation process.

parameters between different

Development of a method of optimisation of a
parabola

In the previous publication on this topic (Zubov A.V.,
Eliseeva N.N., 2017) the algorithm of the simplest search with
variable step is considered. It consists of a sequential multiple
calculation of the objective function and each time one or more
variables are changed in one direction or another until its
minimum is reached.

The algorithm was used to solve the problem of
approximation of measurements of a circle (Zubov AV,
Eliseeva N.N., 2017), and the following results are obtained:
x=100.036 m, y =10.488m, r=1674m,

feng =0.012436 , N=224 (X, Y - the coordinates of the

centre of the circle, I - circle radius, f,,, - the final value of

the objective function [VV]=min , n - the number of cycles
required to solve the problem).

The answers were tested in MathCAD, the difference of the
results did not exceed 0.5 mm (Zubov A.V., Eliseeva N.N,,
2017). Thus, the correctness of the algorithm of simple search
and the reliability of the results of calculations are confirmed.

The main disadvantage of this method is the large number
of iterations. This article describes an algorithm for significantly
accelerating the search engine optimisation method, especially
at the initial stage of approximation.

Figure 1 shows a graph of the change of the function
[VV] from the argument X in some area. It is seen that this

is a parabola, i.e. a graph of convex quadratic functions of the
form (1):

y=a-x>+b-x+c, (1)
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where X, Yy - are variables; a, b, c - are given numbers
(a=0).
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Fig. 1. Graph of the target function change from the variable x

The following theory is proposed: it is possible to get to the
minimum of the objective function in one «global step» by
constructing optimisation parabolas for each variable.

Let's check this theory with the example of an already
considered problem of approximation of results of
measurements of a circle. In determining the method of the
least squares coordinates of the circle’s centre (X and Y)

and its radius I on the coordinates of the points measured on
the circle ( X; and Y; ), the objective function has the form (2):

n 2

F(x,y,r)= Z[\/(X. —xf +(y, —yf - r] =min -(2)

i=1

Any function of linear or nonlinear form can be taken as a
target function, for example, the sum of the squares of the

corrections to the measurement results [\/2J= min or the
sum of the correction modules [[\/|]= min . It is important that

it is a reliable criterion of efficiency in solving the optimisation
problem.

Let's set the initial value of the parameter X, and a small
enough step to change this parameter K . Arguments Yy and
I' remain unchanged. Calculate three values of the objective
funcon F(x.1,y.r), F(xo.v.r), F(X,,y,r) for the
arguments X, =X, -k, X, and X, =X,+K. The
optimisation parabola for the parameter x is shown in Figure 2.
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Fig. 2. Fragment optimisation of the parabola for x

The conclusion of the «global step» will begin with the
compilation of a system of three equations:

a-x, +b-x,+c=F;
a-x,’+b-x,+c=F,;

2
a-x, +b-x,+c=F,.

Write down the determinants:

2
Xq Xy Fiooxy
A=|x" x 1, A =|F, x 1,

2
X+l X+l F+l X+l
2
X, Fy
2
A, =X Fo )
2
X+1 F+1
A A
a=-1, b=-%
A A

The minimum of the parabola is determined by the
derivative (3), equating it to zero;

, AF
F (X)zAI;TOE:Z'a'Xoptimal+b=0’

(3)

where xoptimal - value of the parameter X, which falls within
the region of the parabola minimum.
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From the last equation follows (4):

b A, A

optimal — 2 =

- (4)
‘a A-2-A

X

We introduce the value of h and write down the equation

(5):
()

Xo+h= Xoptimall

where h - the "big" (or "global") step for parameter X .

Thus, on the basis of equations (4) and (5) after the
transformations, the formula for calculating the «global» step is
derived (6):

k-(F717F+1) .
2.(Fi-2-Fy+Fy)

(6)

h=

Then "global" steps for other variables are calculated.
Figure 3 shows the parabola of the optimisation parameter X .
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Fig. 3. Optimisation parabola in the parameter x

The developed algorithm was implemented in the Visual
Basic for Applications programme and was called
«Optimisation parabola method».

Thus, acting on the principle «from simple to complex», the
transition from the method of simple search with a variable
step to the method of optimisation parabola was made. The
results obtained did not differ from those obtained by other
methods, while the developed algorithm is not final and
requires detailed study of other more complex practical
problems. However, even at the initial stage, the main
advantage of the optimisation parabola method is revealed,
namely, the approximation to the minimum of the objective
function for the first approximation.

Therefore, the developed method can be used at the initial
stage of solving optimisation problems, namely to determine
the minimum area of the objective function. Table 1 shows the
results of solving the problem of approximating the circle by
different methods. This algorithm can be used to create a
programme for determining the roll of chimneys and cylindrical
copra, when reconciling rotary kilns, etc.
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Table 1. Results of solving the problem of approximation by a circle

The solution method of the optimisation of the parabola The solution 'by the Solution in MathCAD
The parameter values method of simple X L
" . , , : using the Minimise
Initial parameter values of the first Final parameter values search with variable function
approximation step
X, =50m X =99.260m x=100.036m x=100.036m x=100.036m
Yo=5m y=10.562 m y=10.489m y=10.488m y =10.489m
L=1m r=1803m r=1.674m r=1.674m r=1674m
The final value of the objective function
f =0.01243 | f =0.01244 | f =0.01243
Conclusion
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