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DEVELOPMENT OF AN INFORMATION SYSTEM FOR MODELING 
TRAJECTORIES FOR SPRAYING IMPLANTS

ИМПЛАНТТАРДЫ БYРKУ YШIН ТРАЕКТОРИЯЛАРДЫ МОДЕЛЬДЕУДЩ 
АКПАРАТТЫК ЖYЙЕСIН 0З1РЛЕУ

РАЗРАБОТКА ИНФОРМАЦИОННОЙ СИСТЕМЫ МОДЕЛИРОВАНИЯ ТРАЕКТОРИЙ
ДЛЯ НАПЫЛЕНИЯ ИМПЛАНТОВ

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

Ацдатпа. Макалада роботты кешеннц квмег/'мен кешнг! микроплазмалык бурку уш/'н 
траекторияларды модельдеудщ акпараттык щ йе ан  куру максаты койылзан. Макалада 
усынылзан зерттеу нэтижелерi Робот коззалысын одан эрi куру эдст ерн практикалык 
колдануза базытталзан. Yшiншi жэне тврт1нш1 реттi эрмит сплайндарын колдану аркылы 
усынылзан т эсл жылдамдыкты ескере отырып коззалыс траекториясын куруза мумюндк 
бередi. Коззалыс курылысыныц эртурлi траекториялары карастырылды. Сплайн куру алгоритмi 
кврсетлдi. Матлаб ортасында Yшiншi жэне тврт1нш1 реттi сплайндарза арналзан 
траекториялар салынды. Роботтыц коззалыс траекториясын куру Yшiн Твртiншi реттi эрмит 
сплайн тацдалды, ол тацдалзан траектория бойынша белгл  б/'р жылдамдыкпен щ р у  шартын 
каназаттандырады жэне минималды ауыткуларза ие.

ТYйiн свздер: эрмит сплайн, баздарламалык траектория, функцияныц тегютт, 
интерполяция, траектория куру.

Аннотация. В статье поставлена цель создания информационной системы моделирования 
траекторий для последущего микроплазменного напыления при помощи роботизированного 
комплекса. Результаты исследований, предлагаемые в статье, ориентированы на 
практическое использование методов для дальнейшего построения движения робота. 
Предлагаемый подход с использованием сплайнов Эрмита третьего и четвертого порядков 
позволяет построить траектории движения с учетом скорости. Были рассмотрены различные 
траектории построения движений. Был показан алгоритм построения сплайна. В среде Матлаб 
были построены траектории для сплайнов третьего и четвертого порядков. Для построения
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траекторий движения робота был выбран сплайн Эрмита четвертого порядка, который 
удовлетворяет условию прохождения по выбранной траектории с определенными скоростями и 
имеет минимальные отколнения.

Ключевые слова: сплайн Эрмита, программные траектории, гладкость функций, 
интерполирование, построение траекторий

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 w ill fully 
perform the functions of human 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 w ill 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 o f the constituent elements.
In the work of Dzhaksybaev M .N., Zhumagulov M.O. endoprostheses are classified 

according to the design of the constituent elements.
In the work of W illiam s 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 ., A liev 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 I.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 of the elements.

In the work of Adamova A.A., Shvedova A.G., Chudovsky I.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 of these 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

№ 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 By the number of components, depending on the design principle
5 By the method of fixation, by design
6 According to other characteristics: areas of use, methods of implantation to human tissues

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

Table 2. Parametric classification method
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1 150-400 15-35 30-50 50-70 160-200 10-20 15-20 15-20 15-20 15-20 15-20
2 15-150 5-15 5-30 10-50 10-160 5-10 10-15 10-15 10-15 10-15 10-15
3 0-15 0-5 0-5 0-10 0-10 0-5 0-10 0-10 0-10 0-10 0-10

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
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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 
trajectory of movement Advantages Disadvantages

1
Interpolation using polynomials Flexible movement of 

the robot arm grip
The condition of continuity of the 
second order derivative is not 
fulfilled

2
The method of connected 
graphs

The transformation of the 
coordinates of the grip

The condition of continuity of the 
second order derivative is not 
fulfilled

3
Interpolation by third and fourth 
order polynomials

Flexible movement of 
the robot arm grip

4
Interpolation using the 
Lagrange-Euler model

Flexible movement of 
the robot arm grip

The condition of continuity of the 
second order derivative is not 
fulfilled

5
Multigraph concept motion 
problems

Deterministic 
discretization of the 
space of angles

Irregular structure of neighboring 
elements of the multigraph

6
Methods of integral manifolds Motion along an optimal 

trajectory

7
Trajectory graph generation 
method

Flexible movement of 
the robot arm grip

The condition of continuity of the 
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 of the 
second derivative are important. For our classes of endoprostheses, the spline method w ill 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

I— — *

a CAD 
model

mmetry

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

q ( t )  = £  a ( ‘ > ( t i+1 -  t f
l=0

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

(1)

(2)

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

implant

Creating an implant 
database

Modeling the 
trajectory of 
movement

Spraying on a real 
robot*

v

■>

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 of the robot and w ill be sequentially moved by the 

robot along the trajectory (Fig. 4).
W e build a mathematical model of the 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).

Implementation of 
movements in the 

simulator*
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Figure 4. Scheme of spraying the implant

Table 4. Analysis o f modeling errors

Class
Modeling of the spraying trajectory

Type
Error of 
3 orders

Error of 
4 orders Output

Hip
replacement 0,05 0,04

The approximation error when using the 
Hermite interpolant is 4-orders of magnitude 
less

1 Lower leg 
endoprosthesis 0,047 0,038

The approximation error when using the 
Hermite interpolant is 4-orders of magnitude 
less

Shoulder joint 
endoprosthesis 0,044 0,038

The approximation error when using the 
Hermite interpolant is 4-orders of magnitude 
less

Vertebral
endoprosthesis 0,046 0,039

The approximation error when using the 
Hermite interpolant is 4-orders of magnitude 
less

2 Cervical
endoprosthesis 0,045 0,036

The approximation error when using the 
Hermite interpolant is 4-orders of magnitude 
less

Finger joint 
replacement 0,047 0,039

The approximation error when using the 
Hermite interpolant is 4-orders of magnitude 
less
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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 of the 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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