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DEVELOPMENT OF AN INFORMATION SYSTEM FOR MODELING
TRAJECTORIES FOR SPRAYING IMPLANTS

VMIJTAHTTAPAbI BYPKY YLWIH TPAEKTOPUANAPAbI MOAE/NBAEY ALLL
AKMAPATTbIK XXYWECIH 031PJIEY

PA3PABOTKA NH®OPMALIMOHHOW CUCTEMblI MOAENVPOBAHNA TPAEKTOPU
ONA HAMBINTEHNA NMIMNAHTOB

Abstract. The article aims to create an information system for modeling trajectories for subsequent
microplasma spraying using a robotic complex. The research results proposed in the article are focused on
the practical use of methods for further construction of robot movement. The proposed approach using
Hermite splines of the third and fourth orders makes it possible to construct motion trajectories taking into
account speed. Various trajectories of movement construction were considered. An algorithm for
constructing a spline was shown. Trajectories for splines of the third and fourth orders were constructed in
the Matlab environment. To construct the trajectories of the robot's movement, a fourth-order Hermite
spline was chosen, which satisfies the condition of passing along the selected trajectory with certain
speeds and has minimal offsets.

Keywords: Hermite spline, program trajectories, smoothness of functions, interpolation, construction of
trajectories

AypgaTna. Makanaga pob60TThl KeWeHHL KBMer/'MeH KewHr! mukponnasmasnblk O6ypKy Yyuw/'H
TpaekTopusinapabl MofenbAeyal, aknapaTThiK UiieaH Kypy MakcaTbl Koibln3aH. Makanaga
YCbIHbIN3aH 3epTTey HaTwxenepi Po60T KO33anbiCblH OfaH 3pi Kypy 34ACTEpPH MpakTuKablK
KongaHysa 6asblTTansaH. YWiHWwi xaHe TBPTIHWL peTTi apMuT cnnaliHgapbiH KongaHy apkbiibl
YCbIHbIN3aH T 3CA XblILaMAbIKTbl €CKepe OThbIpbiN KO33a/blC TPaeKkTOPUACbIH Kypy3a MYMIOHAK
6epepi. Ko3zanbiC KypblbICbIHbIL 3pTYpPAi TpaekTopusinapbl KapacThipbingbl. CnaaiH Kypy anropuTMi
kBpceTnai. MaTnab opTacbiHga YwiHwi >ksHe TBPTI1HWL peTTi cnnaiHgap3a apHaniad
TpaekTOpuAnap casnbliHibl. PO60T Thil, KO33a/bIC TPaeKTOPUACHIH Kypy YLWiH TBPTiHWI peTTi 3pMuT
cnnainH Taujangbl, on Taujan3aH TpaekTopua 6oibiHWa 6enrn 6/p XblngamablKneH W py wapTbiH
KaHasaT TaHAblpafbl XX3HEe MUHUMaNAbl ayblTKy1ap3a ue.

TYRWIH cB3gep: 93pMUT chnaiH, 6asgapnamanblk TpaekTopus, QYHKUUSAHbIL, TEeroTT,
UHTepnonsaumsa, TpaekTopus Kypy.

AHHOTauusA. B cTaTbe nocTasfeHa Le/b CO34aHUA MHDOPMALMOHHOW CMCTEMbl MOAENMPOBAHMUS
TpaekTopuii Ans nocnefywero MUKPOMNIa3MeHHOro HanblIeHUs Mpyu NOMOLM PO6OTU3MPOBAHHOTO
komniekca. PesynbTaTbl UWCCNefoBaHWii, mnpeanaraemMble B CTaTbe, OPWEHTMPOBaHbI Ha
npakTuyeckoe UCMo/b30oBaHNe MeTOfOB [A/15 JasbHelillero nocTPoeHus [ABMXKEeHWUs poboTa.
Mpepnaraemblii NOAX04 C UCMO/b30BaHWEM CM/IaiHOB dpMUTa TPETLEro W YeTBEPTOro NopsiAikoB
No3BoNseT NOCTPOUTb TPAEKTOPUN ABMKEHUSA C y4eTOM CKOPOCTHU. BblM paccMoTpeHbl pasnnyHbie
TpaeKTOopMU NOCTPOEHUS ABUXKEHWIA. Bbli nokasaH anropuTM NocTpPoeHus cnnaiiHa. B cpege MaTna6
6b17IM MOCTPOEHbl TPAEKTOPUN AN CNMAiHOB TPEeThero n Ye TBEPTOro NnopsakoB. [/ NocTpoeHus
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TpaekTopuin ABMXKeHMA poboTa Obl1 BblbpaH cniaiH dpMuTa 4YeTBEPTOro nopsifka, KoTopbli
YO0BNEeTBOPSAET YC/MOBUIO NPOXOXAEHNS MO BbIGPAHHON T paekTopun ¢ onpesesnieHHbIMU CKOPOCTAMU 1
MMeeT MUHUMasbHble OTKOSHEHUS.

KnioueBble cnoBa: cnnaiH 3pMuTa, MNporpaMMHble TPaekTOopuu, rNagkocTb yHKUWIA,
MHTeprnonMpoBaHne, NOCTPOeHNe T paekTopuii

Introduction. The use of robots for microplasma spraying of titanium implants is one of the
most important tasks. To date, it has not been possible to create a manipulator that will fully
perform the functions ofhuman limbs.

The production of endoprostheses is one of the most difficult tasks. These endoprostheses
must be fully compatible with human organs. Robotic systems are used to obtain high-precision
endoprostheses.

For spraying using a robotic complex, limb endoprostheses will be used: hip endoprosthesis,
lower leg endoprosthesis, knee endoprosthesis, spinal implant, shoulder endoprosthesis, joint
endoprosthesis.

Literature review.

Endoprostheses are products that are used to replace damaged human organs.

The existing classifications of endoprostheses have been analyzed.

In the work of Imanbayeva M.B., Zubi Yu.Kh., Izbaskanova A.S. Endoprostheses are
classified according to the friction pair ofthe constituent elements.

In the work of Dzhaksybaev M.N., Zhumagulov M.O. endoprostheses are classified
according to the design ofthe constituent elements.

In the work of Williams D., Roof R., endoprostheses are classified by composition and
design, by the duration of functioning, by the degree of immersion in the body.

In the work of Kirpichev I.V., Aliev A.G., Kovalenko A.N., Ambrosenkov A.V.
endoprostheses are classified according to the number of components.

In the work of Mironov R.A., Osmanov A.M., Ustazov K.A., Aslamkhanov S.R.
endoprostheses are classified depending on the design principle.

In the work of Chirkov N.N., Nikolaev N.S., Gorbatov R.O., Klemenova |.A., Novikov
A.V., Zinoviev S.V., Kazakov A.A. endoprostheses are classified according to the method of
fixation, according to the design.

In the work of S. N. Nekhlopochin, A. S. Nekhlopochin, and A. I. Shvets, endoprostheses are
classified according to the design ofthe elements.

In the work of Adamova A.A., Shvedova A.G., Chudovsky 1.V. endoprostheses are
classified according to their various characteristics: scope, method of suturing to organic tissues
[1-3].

Materials and research methods. To develop an information system for modeling trajectories
for subsequent microplasma spraying using a robotic complex, it is necessary to perform several
stages: stage 1 - classification of spray objects, stage 2 - analysis of methods for mathematical
modeling of the robot's trajectory, stage 3 - development of a mathematical model, stage 4 -
development of architecture IS, stage 5 - development of algorithms and program code for a
robot movement simulator.

Let's look at each ofthese steps:

Stage 1- Classification.

For the selection of endoprostheses for the possibility of spraying with the help of robots,
implants must be classified. To do this, we first analyzed various classifications of
endoprostheses (Table 1).

Classification is an optimization task in which it is necessary to attribute elements to
different classes according to some characteristics.
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Table 1. Different classifications of endoprostheses

By the number of components, depending on the design principle
By the method of fixation, by design
According to other characteristics: areas of use, methods of implantation to human tissues

Ne Classification

1 By friction pair

2 By design

3 By composition and structure, by the time of functioning, by the degree of introduction into
the body

4

5

6

To optimize the spraying trajectory, it is more expedient to use the parametric method for
classifying endoprostheses (Table 2)

Table 2. Parametric classification method

Parameter values by class (mm)
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1st class: endoprostheses that optimally match the limiting parameters of spraying;
2nd class: endoprostheses that meet the limiting parameters of spraying;

3rd class: endoprostheses that do not meet the limiting spraying parameters.

The classification is shown in Figure 1

Figure 1. Classification of implants



Ne 2, 2024 137 «W TY XABAPLLUBICB»

Stage 2 - analysis of methods for mathematical modeling of the trajectory of the robot. To
build a mathematical model of the robot's motion during spraying, it is necessary to choose a
method for constructing the motion trajectory. For this, the existing methods were considered
(Table 3).

Table 3. Methods for constructing the trajectory of movement

The method of constructing the

Ne trajectory of movement Advantages Disadvantages
Interpolation using polynomials  Flexible movement of The condition of continuity of the
1 the robot arm grip second order derivative is not
fulfilled
The method of connected The transformation ofthe  The condition of continuity of the
2 graphs coordinates of the grip second order derivative is not
fulfilled
Interpolation by third and fourth  Flexible movement of
3 order polynomials the robot arm grip
Interpolation using the Flexible movement of The condition of continuity of the
4  Lagrange-Euler model the robot arm grip second order derivative is not
fulfilled
Multigraph concept motion Deterministic Irregular structure of neighboring
5 problems discretization of the elements of the multigraph
space of angles
Methods of integral manifolds Motion along an optimal
6 trajectory
Trajectory graph generation Flexible movement of The condition of continuity of the
7  method the robot arm grip second order derivative is not
fulfilled

The obtained analysis showed that for the formation of the trajectory of movement of
manipulative robots, the conditions for the smoothness of the function and the continuity ofthe
second derivative are important. For our classes of endoprostheses, the spline method will be
used to construct the trajectory.

To simulate the trajectory of movement, it is necessary to first create a 3D model of the
implant. The existing methods for creating 3D models are shown in Figure 2[4-9].

3D Creating Photogra
scanning aCAD mmetry
model

|_ *

Figure 2. Methods for creating 3D models
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Stage 3 - Mathematical modeling ofthe spraying trajectory.
Splines are used to interpolate mechanical motions

q(t) = an(‘>(ti+l- tf (1)

where t is the given time intervals (nodes), qi(t) is a polynomial.
Splines satisfying conditions (2) are called Hermitian

2)
where qi(t) is a polynomial, 0(tt) =6t are generalized coordinates, v. =v(tt) is the speed of

passage [10, 11].
The process of spraying endoprostheses by a robot can be defined as follows (Fig. 3)

) . Creating a 3d Modeling the
Creating an implant i
model of the trajectory of
database .
implant movement
\/

Implementation of
movements in the [ o2
simulator*

Spraying on a real
robot*

Figure 3. Spray process

*-Robot spraying parameters

Spray spot diameter d=2.5 mm

Robot passing speed v=10 mm/s

Distance to spraying object S=150 mm

Robot travel time t=15 s

Spray process

The endoprosthesis is installed on the arm ofthe robot and will be sequentially moved by the
robot along the trajectory (Fig. 4).

W e build a mathematical model ofthe robot's motion using Hermite polynomials of the third
and fourth orders [12-15, 16-21].

Results and its discussion. According to the given models of the third and fourth orders, the
trajectories of movement were modeled and the deviations for each model were determined
(Table 4).
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Figure 4. Scheme of spraying the implant

Table 4. Analysis ofmodeling errors

Modeling ofthe spraying trajectory

Class
Error of  Error of Outout
Type 3orders 4 orders P
Hi The approximation error when using the
P 0,05 0,04 Hermite interpolant is 4-orders of magnitude

replacement
less
The approximation error when using the
Lower leg PP 9

1 . 0,047 0,038 Hermite interpolant is 4-orders of magnitude
endoprosthesis less

The approximation error when using the
0,044 0,038 Hermite interpolant is 4-orders of magnitude
less

Shoulderjoint
endoprosthesis

The approximation error when using the
0,046 0,039 Hermite interpolant is 4-orders of magnitude
less

Vertebral
endoprosthesis

. The approximation error when using the
Cervical

2 . 0,045 0,036 Hermite interpolant is 4-orders of magnitude
endoprosthesis less

The approximation error when using the
0,047 0,039 Hermite interpolant is 4-orders of magnitude
less

Fingerjoint
replacement
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Stage 4
After building a mathematical model, it is necessary to develop an infological model, an IS

architecture.
The proposed infological model of IS is shown in Figure 5:

Figure 5. Infological model

The proposed IS structure is shown in Figure 6.

Figure 6. IS structure
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Stage 5 - The algorithm for creating a program for a simulator of the movement of a robot
for spraying endoprostheses by points is shown in Figure 7:

Choosing a robot model

Figure 7. Algorithm for creating a simulation program

According to this algorithm, a robot motion trajectory was constructed for spraying the
surface of endoprostheses of six types of selected endoprostheses from the first two classes of
endoprostheses.

Conclusion. In this article, a review ofthe classifications of endoprostheses was carried out,
the movement of the robot was modeled according to Hermite models of the third and fourth
orders. An algorithm for creating the trajectory of the robot was proposed. A prototype of an
information system for modeling trajectories according to a given model was proposed.
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