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IMPROVEMENT IN QUALITY OF DEGREE OF ACCURACY
IN EXTRUSION PROCESS

D.Y. Berchuk, V.D. Than

Tomsk Polytechnic University, Russia, Tomsk
E-mail: dungvietthan@gmail.com

AHHOTanus — B 1aHHOM cTaThe MPOBOAUTCS UCCIeAOBaHUE (PAKTOPOB, BIAUSIOIINX
Ha JUaMeTp IUIACTUKOBOW HUTH, a TaKXKE€ PacCMaTpUBAETCs 3ajaya MOBBIIICHUS
Ka4yeCTBAa MJIACTUKOBON HUTH B MIPOILIECCE IKCTPY3UH.

Introduction

A rapid prototyping method makes it possible to produce complicated parts
based on computer 3D model. Most of the rapid prototyping methods can
assemble models from a variety of widespread and special materials.
The modern additive technology for the most of 3D-printers requires ABS-
filaments or PLA-filaments, respectively, from ABS (Acrylonitrile butadiene
styrene) polymer or PLA (Polylactic acid) polymer, with a diameter 1.75 mm
or 2.85 mm, which used as a consumable material in 3D printing technology.

Filament obtained from plastic granules, which in case of ABS, is the
products of oil and gas industry. Accordingly, the price of granules is much
cheaper than the price of the finished product, even taking into account
the cost of electricity consumed in the transformation of the granulate in the
filament.

In this article has been investigated factors affecting the diameter of the
plastic filaments, as well as considered the problem of improving the quality
of the filament plastic in the extrusion process.

Statement of the problem

A great deal of research has been conducted at universities and research
institutions to expand the applications of FDM technology and to improve the
FDM process. Work has also been in progress in some organizations to
develop new metallic or ceramic materials for rapid fabrication of functional
components by FDM with higher mechanical properties [2, 3].

In operations of the 3D-printer basic parameters affecting the quality of the
finished product and fidelity digital models is diameter of the plastic filament.
Therefore, to improve the production of plastic filaments, it is necessary to
investigate and correct the control loop diameter plastic filament.
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In order to stabilize the diameter of the plastic filament, we must consider the
dependence on other parameters such as the temperature in the heating zone
of the screw, the screw speed, the pressure in each zone of the screw and
others. Changing any of these parameters leads to a change diameter of
filament.

The most important parameters that have a permanent effect on the change in
the diameter of the plastic filament is heating temperature and screw speed.
On the base of this parameters experiment has been finished on the real object.

Fig. 1 shows a graph of an experiment conducted on an extrusion installation
showing the temperature dependence of the diameter.
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Fig. 1. Graph of the filament diameter of the temperature of the extruder

From the graph on the fig. 1 above it can be concluded that the higher the
temperature, the smaller the diameter.

Analyzing the resulting graph fig. 2, we can conclude that by increasing the
drive speed increases the diameter of the filament in the plastic extruder.

For a simple model of the extruder, changing control parameters as drive
speed and the heating temperature is carried out manually. The influence of
external factors not taken into account in the system, respectively, the system
is not able to respond to external perturbations in the form of changes in
ambient temperature, changes in the composition of raw materials, etc.
thereby increasing the range of variation of the filament diameter.

The arguments above lead to the need for a system of automatic control of
the diameter of a loop, which could provide the necessary accuracy and speed
in the production process. Solve tasks can fully developed algorithm



of adaptive digital PID control. Fig. 3 shows a functional line diagram of
an extruder feedback.

D, [mm :
] Dependence diameter on the speed of the screw
1,84
(& ]

1,82

0

1,8
1,78 o]
1,76
1,74
1,72 o o
1,7 ©

1,68 o) V,rpm

200 700 1200 1700

Fig. 2. It is showed the dependence of the diameter of the plastic filament
on the rotational speed of the drive
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Fig. 3. Functional diagram of the extruder line with feedback

This diagram shows the connection of the probe diameter and electric
installation, temperature sensor, and others. The controller is designed to form
the control signal for diameter regulation when a signal comes from the sensor.

Conclusion

In this paper, conducted a study of factors affecting the diameter of the
plastic threads, as well as consider the problem of improving the quality of
the plastic thread in the extrusion process. The theoretical rationale for
developing a feedback system for extrusion plant, which will improve the
quality of the product, reduce the number of rejects, to ensure continuous
operation for a long period.
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DESIGN OF THE TELEOPERATION ALGORITHM TO CONTROL
THE HUMANOID ROBOT

E.E. Shelomentcev, T.V. Alexandrova

Tomsk Polytechnic University, Russia, Tomsk
E-mail: see4dme@mail.ru

Abstract — This paper presents a concept design of work algorithm for
teleoperation control system of humanoid robot. Humanoid robot control system
needs to stabilize the robot in a vertical position in order to prevent the robot from
falling. The process of design of the control system includes the design of position
filter to detect the unstable positions. The application of such a control system
enables to control the humanoid robot using motion capture technology.

Algorithm of the control system work

Humanoid robots are actively developed last years. There are many different
designs of humanoid robot constructions but not all of them have control
system that realizes adequate behavior of humanoid robot. That is why we
propose to use the teleoperation [1], [2], [3], [4] to control such type of the
robots. Further, we consider the algorithm of the teleoperation control system
that allow control humanoid robots using the RGB-D sensor.

To form the control signals we need to collect the data about the human
position. Let us create the operational block that process the data received
from the RGB-D sensor. The objectives of this block are the forming of the
packets with the human operator data and the initial data filtering, for
example, forming of the packets only with the recognized position of the
operator. When packet is filtered, system must inform the operator about it.
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To control the position of the humanoid robot we need to set the positions of
the actuators that are located in the joints of the robot. The positions of the
actuators can be mapped from the angles of rotations in the joint of the
human operator. It means that we need to receive the control signals that
contains the information about angles of rotations.

The human body differs from the robot body because the mass of their limbs
is different and it can be a reason of the robot falling that is why it is
necessary to ensure the stable vertical position of the robot through the
control process to prevent his falling. Thus, we need to filter unstable
positions of the robot [5]. Only after all of these operations mapped and
filtered positions of actuators can be sended to the robot.

Thus, we have an algorithm that can be showed as a row of actions:

e collecting filtered data,

e synthesising of actuators positions according to the data,
e filtering of actuators positions that make robot unstable,
e sending of actuators positions to the robot.

Conclusion

In this paper, we have described the concept design of the teleoperation
system of humanoid robot. The designed control system allow the operator to
control the robot using the motion capture technology that is the most
ergonomic way of the humanoid control [6]. The system includes the stability
control that filter all unstable positions of the robot. Whole system let us to
control the humanoid robot effectively through the process of the movement.
This paper describes only the concept of the control system and the further
work is the implementation of this concept in a real control system of
humanoid robot. At this moment, we realized the basics of the forming of the
control signals (fig. 1) and started to realize the stability filter in the control
system of the robot BIOLOID.

Fig. 1. First experiment on the control
10
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THE NEED OF REGULARIZATION FOR THE SYNTHESIS
OF MULTI-LOOP CONTROL SYSTEMS

T.A. Emelyanova

Tomsk Polytechnic University, Russia, Tomsk
E-mail: 3enedka@sibmail.com

Keywords: Multi loop control system, electric drive, regulator, real interpolation
method, regularization.

Abstract — The article deals with the problem of the synthesis of multi loop control
system. There is presented the substantiation of the need to using the regularization
for solution the problem of the synthesis of multi-loop control systems. In addition,
the base of the method of regularization represented there.

Introduction

The main questions of theory and practice of the Automatic Control Theory
are related with the synthesis of the compensation, which system provides
desired properties. The problem has completely solution for single-loop
control systems.
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When the synthesized system is multi-loop control system there are some
problems, which do not provide a solution to a given accuracy for chosen
criterions and structures.

Traditional for calculation a single-loop systems the method is the comparison
of the desired transfer function and the transfer function of the synthesized
system. Using it for design a multi-loop control systems leads to complex
equations, which have several unknown variables. These parameters are
determined by the structure of regulators and feedbacks [1].

The complexity of the equations is nonlinearity. Consequently in general for
solving those equations is necessary to use an approximate methods solution
search. The most popular way is the consistent calculation of circuits.
The calculation starts with the internal circuit and ends the outer loop [2, 3].
Disadvantages this variant is obvious. The adopted scheme requires the
distribution of desired system performances for each circuit synthesized
system. This can be done only approximately. So the final result is the
synthesis of additional error.

The desire to improve the accuracy of the construction of multi-loop control
systems makes look for new ways to calculate the unknown coefficients,
which not be using approximate methods such as the successive circuits
synthesis. This is possible only if the initial equation synthesis may be
permitted. Such method is presentation in this article.

1. Real interpolation method

The real interpolation method (RIM) is the one form of the operator method,
that for every original-function f(¢) assigns to image-function F(8) [1].
The image-function F (8) can be calculated from the formula for the Laplace
transform

o0

F(p):jf(t)e-f”dz, p=8+ jo (1)

0

if make the change the complex variable p =38+ jo on the real variable 9.

Such replacement can be used only if the integral in equation (1) is convergent.
This guarantees the existence and uniqueness of the function F(3).

The RIM has such feature. The image of function f'(¢) can be in analytical

form F(8) and in numeric form F(8§,). The second has named the numerical
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characteristics and contains complete information about the original model.
So using this form allows to solve such problem relatively simple.

The solution of the problem of synthesis of control systems by using the RIM
base on the approximate equality of the numerical characteristics of the
synthesized system and the numerical characteristics of the desired system

Wdesired (8) — Wsynthesized (81 ) , (2)

closed i closed

where 0, — interpolation node, i — number of interpolation node.

2. The synthesis of the dual control system

The problem of the synthesis of the dual control system (fig. 1) is reduced to
solving of equation (2).

% Wpe=2(p) |ﬁ®é Woez1(p) - Woi(p) 4
,\\— Ki

K2

Fig. 1. Operator block diagram of a dual control system

Assume that the regulators W, (p) and W,.q(p) have the structures

W ( ) _ bregll6 + breglo
regl pP)= areglls 11 s (3)
b _.0+b
W — regl, reg2, .
res (p) areg216 +1

So, one can see that for solution of this problem it is necessary to define
the values of six unknowns variables. To do this, necessary to calculate the

numerical characteristics Wiy’ (8), for six interpolation nodes. In the result

closed

there is a system of six equations with six unknowns.

In paper [2] the solution of such problem is represented. The Newton’s
Method is used for solving a system of nonlinear equations. But there is
complexity. It is consist of the determinant of the Jacobian in this problem
has a very small value (about 10°°). When the number of unknown
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parameters or the computational accuracy of problem is increase, the task
goes to the class of ill-posed problems. In this case, there is the need for
additional computing power. The method of regularization which was
proposed by the Soviet mathematician Tikhonov [3, 4] is solving these
problems.

3. The regularization of the Tikhonov

The method of regularization of the Tikhonov [3, 4] is based on using
a special addicted priori information about the solution. The concept of
regularization amounts to replacing the original ill-posed problem

A-y=B (4)

by the problem of minimizing the following functions:

Q(y,A)=|4-y-B[ +2-[y- . (5)

It is the Tikhonov functional.
There A is the small positive regularization parameter.

As part of linear systems the solution to the problem of minimizing
the functional (5) reduces to the solution of a linear system of equations:

(A"4+1-E)-y=4"B, L>0.

Selection the desired A depends on the given solution accuracy and stability
requirements of computational algorithms.

Conclusion

In the paper the need of using the regularization for synthesis multi-loop
control systems is presented. Further work is reduced to the study of possible
applications Tikhonov regularization for the synthesis of multi-loop control
systems.
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INTEGRAL VARIABLE STRUCTURE CONTROLLER

I.A. Tutov

Tomsk Polytechnic University, Russia, Tomsk

Abstract — In this research, we consider the integral variable structure controller.
Research includes comparison analysis of control qualities with PID-controller and
system robustness analysis.

Now we consider two controller synthesis approaches. Most of industrial
processes are controlled by using proportional-integral-derivative (PID)
controllers. The popularity of PID controllers can be attributed partly to their
good performance in a wide range of operating conditions and partly to their
functional simplicity, which allows engineers to operate them in a simple,
straightforward manner. To implement such a controller, three parameters
must be determined for the given process: proportional gain, integral gain,
and derivative gain [1]. Restrictions cannot be taken into account when we
choose gain values in the controller. This problem is solved by specialized
packages. In the example (fig. 3), the PID-controller was tuned in Check Step
Response Characteristics. It is utility of Simulink Library of MATLAB.

Second solution is developed variable structure controller, which based on
State Space analysis [2]. In order to get one more state variables we introduce
integrator. This controller enables us to consider restrictions on the synthesis
stage of control strategy. This is time-optimal system. It is easy to implement
this control strategy with computer equipment. Such a control strategy allows
us to reduce erasing actuators. But this control strategy is sensitive to
variations of system parameters and can lead system to instability.

To achieve effective control strategy in industrial processes are used adaptive
systems. These systems are usually based on the adjustment of gain in PID
controller. It takes a long time for the selection of gain values by computer.
Adaptation of the integral variable structure controller needs less computer
calculation time than adaptation of the PID controller.

15
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ADAPTIVE CONTROL SYSTEM
OF DISTRIBUTED PARAMETER SYSTEMS

B.I. Pyakillya

Tomsk Polytechnic University, Russia, Tomsk

AHHOTanusi — B Teopun aBTOMaTHUYECKOrO YMpaBJIEHUsS CYIIECTBYET 3ajaya yrpas-
JIeHUsT OOBEKTAMH C paclpe/ieliecHHbIMU TapameTpamu. Ee BaXHOCTH 00yCIIOBIIEHA
HAJIMYMEM MHOXKECTBA PEATbHBIX OOBEKTOB, MMEIOIIUX pACIPE/ICICHUEe TapaMeTpPOB
B CBOEH CTPYKType. 3ajjaua OCI0KHSIETCS TeM, YTO OOJBIIMHCTBO aITOPUTMOB CHHTE-
3a PETyJSTOPOB CO3MIAHO JUIi OOBEKTOB C COCPENOTOUCHHBIMU TTApaMeTpaMy U Y4u-
TBIBAET CBOWCTBA OOBEKTOB, KOTOPBIC OMHUCHIBAIOTCS MU PepeHITaTIbHBIMI yYpaBHE-
HUSIMH B YaCTHBIX IMPOU3BOIHBIX U UPPAIIMOHATBHBIMY TIEPEIaTOYHBIMH (DYHKITUSIMHU.
JlaHHyI0 TIPOOJIEMY MOXHO PEIIUTh, UCIIONB3YS CIICIHMAIbHBIC aIrOPUTMbI UICHTH-
¢bukamyu, KoTopblie OymyT (HopMUpOBaTh, HEOOXOMUMBIC JISi YIIPABICHHS, MOJIEIN
00bekTOB. B manHOI paboTe mpencTaBiieH TaKOW BUJ aJaliTUBHBIX CUCTEM YITpaBlic-
HUS, KOTOPBIA OOBEIUHSICT IMOAX0bl HICHTU(UKAIIMN CUCTEM W METOJI aJIalTHBHOTO
ynpasieHust Ha ocHoBe mozenu (MRAC).

In current times there is a problem with concerning distributed parameter
systems in control engineering issues. Importance of the problem is caused
by controller design goals for industrial plants which have distribution in its
parameters. For example, these parameters may vary from temperature of
a rod or deflection of a laser’s beam [1]. These systems are described by
partial-differential equations (PDE) and often have high order partial
derivatives. The transfer functions of distributed parameter systems (DPS)
are irrational functions in contrast to lumped-parameter systems which are
described by rational transfer functions. It brings complexity to controller
design issues, because the most part of controller design algorithms relates to
rational transfer function descriptions. Irrational transfer functions have
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infinitely many poles and zeros and it’s one of the problems which make
analysis much more difficult than in rational transfer functions case. This is
why control engineers and researches are using the approximation methods
which can help to understand main distributed parameter systems properties
and make their analysis simpler. It gives the possibility to develop
a controller and get the best performance of control system. This paper
presents a kind of adaptive control systems which unite the model reference
approach and identification approach.

There 1s an approach which is based on model reference adaptive control
(MRAC) [2]. Short description of this method tells that if there is a model
then control system can compare output of a plant with output of the model.
The difference between outputs causes tuning of controller’s parameters. This
tuning improves quality of control and makes conditions for high
performance of the process. The image of this adaptive control system is
shown on fig. 1.

_ Identification
— 4+ procedure

LiAn (1) Lir) ()
b = Controller —  Plant -»

Yir)

Sensor =+

Fig. 1. Control system with identification loop. On this picture:
U, (t) — is a desired output; s(t) — is an error function, U (t) — is a control input signal;

Y(t) —is a plant’s output; Y (t) —is a filter’s output

But there is a problem with the model. It is an unusual situation when
researches have a mathematical description. Usually there is no model and
researches cannot use MRAC approach. Solution for this problem is to use
identification loop in structure if control system. It collects experimental data
which looks like arrays of inputs and outputs and then use it for obtaining the
mathematical model. On fig. 2 there is the image of such kind of systems.
Unfortunately, in common case, it is only one part of solution. When
researches work with distributed parameter system they have to consider this.
For this purpose, in control system’s structure summation element with
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quantity coefficient is placed. This element is used for collecting outputs of
distributed parameter system and then calculating an average output. This
average output is used for identification purpose. A result of identification
purpose is a mathematical description of a plant in terms of rational transfer
function. This transfer function helps to use controller design technics which
are created for lumped parameter system.

L0
+  Model
6 Adjustment | €()
L &
— mechanism <
U - (] U ¥ir)
# L @ i —  Plant ;
¥(r)

Sensor =

Fig. 2. Model reference adaptive control system. On this picture additional
elements are illustrated: Y, (t) — is an output of the model; €(t) — is an additional

error function, G(t) — is a vector of controller’s parameters

_ Identification
—» procedure |
lﬂr}
| Adjustable ol
" model
() Adjustment  £() o
) 2| Pl
+—* mechanism b <
U fi Ly Dbtributed, 100 | %in
il . Controller ——d» Porameterphint - 15— >
s Wisx) 1]
¥ (1)

Sensor

Fig. 3. Model reference adaptive control system with identification loop. On this
picture additional elements are illustrated: Y, (t) — is an approximated output of the

plant; Y (t, x) — is a vector of plant s output signals; B(t) — is a vector of adjustable

model’s parameters
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Conclusions

In this paper short description of adaptive control system with MRAC
approach and identification loop is presented. This kind of system brings
a new way of control for distributed parameter system and gives the
possibility to improve control quality.
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THE OPT-ACOUSTIC DEVICE FOR VARIABILITY MONITORING
AND DIAGNOCTICS OF EQUIPMENT CONDITION

Evgeny A. Rybakov, Dmitry P. Starikov, Evgeny I. Gromakov

Tomsk Polytechnic University, Russia, Tomsk

AnHoTauusa — Llenas gaHHOW pabOTHI: CO3/AaHME MPOTPaAaMMHO-AIAPATHOTO KOM-
TIeKca JUisl paHHEeW AMarHOCTHKU U TOYHOMW JIOKaJU3aluyd HEUCIIPABHOCTH B CIIOXK-
HOU TeoMeTpun HeTeTa30MepeKaynBaroIero 000py10BaHus, a8 IMEHHO aKyCTHYe-
ckas kamepa (AK).

Introduction

Acoustic camera — is the camera with sensors (microphones). The sound
reaches each of the microphones for different times due to different distances
from the source to each of the microphones.
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Suppose camera is aimed at the geometrically complex, massive object, such
as a main pump (see fig. 1). It is necessary to consider the projection onto the
plane of each distance between camera and microphones. Each of the four
microphones simultaneously captures the sounds coming. If there is a sharp
change in frequency that does not match the technological process (crack,
etc.), the camera fixes it and calculates the exact location in the plane of the
incorrect sound [1].

Fig. 1. Frame

Model and description

The calculation is performed using the equation of the circle where the only
unknown variable is z — time of occurrence of the event to fix this event
nearest sensor.

In the end program is formed of the equation (1) where o — the distance
between the center coordinates and microphones, Az, — phase difference [2].

2 =(x—a) +y

(z+Az) :x2+(y+oc)2
(z+Az,+Az ) = +(y-a)
(Z+AZI+A22+AZ3)2:(x+0L)2+y2

The system of equations (1) is possible to express z (fig. 2), and then build
from each center, circle; where the common point of intersection is the
localization of noise, we are interested. Then the program automatically
creates a gradient of prevalence of specific noise and scale the result, under
the format of the camera window.

The system is based on two programmable controllers atMega, different bit [3].
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Fig. 2. Math description

Conclusion

Advantages include: the exact location of faults and reduce the cost of
equipment. So there are disadvantages:
e Low accuracy of localization:
Eliminated by increasing the distance between the microphones in the
plane of the device and an increase in their numbers (8, 16, 32) [4];
e Low frequency range:
Eliminated by increasing the quality microphones.

The accuracy of the prototype is 1 mm at a distance of 1.5 m. This indicator
is easily increased by increasing the distance between the microphones.

Acoustic camera can be successfully implemented for the diagnosis and
alarm pumps, electric compressors. The prospect of this decision is obvious
in view of economic and technological factors.
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APPLICATION OF COHERENCE ANALYSIS FOR IMPROVING
INFORMATIVITY OF TIME-FREQUENCY CORRELATION FUNCTION

Vladimir A. Faerman, Valeriy S. Avramchuk, Elena E. Luneva

Tomsk Polytechnic University, Russia, Tomsk

AnHoTanmsa — Ilpemnoxen crnoco0 NOBbINIEHUS HHOOPMATUBHOCTU YacTOTHO-
BPEMEHHON KOPPEISIIMOHHON (YHKIIMH, TPU OICHKE 3alla3[IbIBaHHUs CHTHAJIA,
3a CUeT MpUBJIEYECHUS MHPOPMALMKU O KOTEPEHTHOCTH HCCIENAYEMBIX CHUTHAJIOB
WU3MEPUTEIIBHBIX KAHAJIOB.

AKTyanpHOU 3amauelt 00pabOTKM CHUTHAJIOB B COBPEMEHHOM Hepaspy-
[IAIOIIEM KOHTpOJIE, B YAaCTHOCTU MpuU oOcIeAoBaHUU TPyOOIPOBOIOB
Ha IpeaMeT oOHapYKEHUs yTeUeK, SBISETCS OLICHKA 3ala3IbIBaHMs CUTHAJA.
B Hacrosiiiee BpeMs pa3zpaboTaHbl pa3audHble MOIXO0/IbI U METOJIbI PEIICHUS
JAHHOM 3a1aun OOLIEel YepTOM KOTOPHIX SIBJISIETCS UCIOJb30BaHHUE armapara
KOppEJSIIMOHHOTO aHanu3a [1] B couetanuu c mpenoOpabOTKON aHaIH3U-
PYEMBIX JTaHHBIX.

[lepcrnieKTUBHOM IpyNmoil METOIOB UCCIIEIOBAHUS CUTHAJIOB, B KOHTEK-
CTE€ 3asBJIEHHOM 3aJayd, MPEJCTABISAIOTCA YaCTOTHO-BPEMEHHBIE METOJBI,
OTIMYUTEIHHOW OCOOCHHOCTHIO KOTOPBIX SIBISIETCA MOCTPOCHHE 3aBUCHUMO-
CTEH HEKOTOPhIX MHPOPMATHUBHBIX MAPAMETPOB CUTHATIA OT BPEMEHU U Yac-
TOTBL. B wacTHOCTH, B [2] IPENI0KEHO MOCTPOCHUE U BU3yaJIU3alUsl YaCTOT-
HO-BPEMEHHOTO KpPOCC-CIIEKTpa, TMO3BOJIAIOIIETO MPOU3BOAUTH OLEHKY
OUHAMHKA BO3HMKHOBEHHMS MMIYJIbCHOTO curHaia. B [3] mpennoxken yac-
TOTHO-BPEMEHHOW KOPPEJISAIIMOHHBIN METOJ aHalM3a, KOTOPBIA MOXET OBITh
MIPUMEHEH B KAaY€CTBE aJIbTEPHATHBBI TPATAULHUOHHOMY METOAY KOPpEsLHU-
OHHOT'O aHaNIK3a, NIl JOCTHIXKEHUs OOJIbIIEeH HAIJISIIHOCTH BU3YaJIbHO TPE-
CTaBJICHHBIX PE3YJITATOB U JyUIIEH OMEXOYCTONYHBOCTH.

OnHako 4acCTOTHO-BPEMEHHOM KOPPEISLMOHHBIA NOIXO0 HE JIMUIEH He-
JIOCTaTKOB, B YHUCJI€ KOTOPBIX SBIISIETCS HEOOXOIUMOCTH NMPUBICYEHUSI CTO-
POHHUX METOJIOB IOMCKA YaCTOTHOM MOJIOCHI JIOKAJIM3ALWHA HECITy4ailHOTO
CUTHAJIa JJIs1 MOBBILIEHUS! TOYHOCTH M HaJEXHOCTH aHANM3a, MIPU PEUICHUH
CJIOKHBIX 3a1a4y. Hanbonee nmpocTsIM M3 CTOPOHHUX METOJOB OOHApYyKEHHUS
CIEKTpa MOJIE3HOI'O CHUTHAJA SBJISIETCS KOTepEeHTHBIN aHanu3 [4]. OCHOBHBIM
BBIPO)KEHHEM KOT€PEHTHOI'O aHaJIn3a SIBISETCS
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2
‘Zq =0 ABq ‘
Z AAq Zf:;PBBq (k) ,

rae v*(k) — kBagpaT QyHKIHH KOrepeHTHOCTH; () — YHCI0 HHTEPBAJIOB Pa3-

v (k)=

ouennst; P, (k), P, (k), Py (k) — cOOTBETCTBEHHO B3aMMHBIA MTHOBEHHbII

CIIEKTp U COOCTBEHHBIE MTHOBEHHBIE CHEKTpbI cHrHajoB. KBaapar QyHkimu
KOI'€pEHTHOCTH NPUHUMAET 3Ha4YeHus B Auanaszone [0, 1] u oTpaxaer creneHb
JMHENHON B3aMMOCBSI3M FApPMOHUYECKUX KOMIIOHEHT aHAJIM3UPYEMbIX CHUIHA-
JI0B [4], 4TO KaUECTBEHHO JOMOIHAET KOPPESILIMOHHBIN aHAJIN3.

JUis MHTerpaluu 4YacTOTHO-BPEMEHHOIO M KOTE€PEHTHOIO CHOCOOOB
aHaJIM3a IpensIaraeTcsi OCYILECTBIATh JTOMHOXEHHE YacTOTHO-BPEMEHHOU
KOPPESIIMOHHON (YHKIIMM Ha (YHKIMIO KOI€PEHTHOCTH, TEM CaMbIM J0-
MOJIHUTENILHO BBIJENSS HA TOBEPXHOCTH YACTOTHBIM MHTEPBAJI, COAECP KA
CBSA3aHHBIE BO BPEMEHH rapMOHUYECKHE KOMIIOHEHTBI CUTHAJIOB!

P (m, k) =7, -rtf(m, k),

rae r/(m, k) — MaccuB OTCYETOB YaCTOTHO-BPEMEHHOII KOPPEISLIHOHHOIM
(yHKIMHM; Y, — CpENHEB3BEIIEHHOE 3HAYeHWE (GYHKIMHM KOTEPEHTHOCTH
Ha -OM 4acTOTHOM uHTepBane; i (m, k) — MaccuB OTCYETOB MOIM(HIUPO-

BaHHOM YaCTOTHO-BPEMEHHOM KOPPEISALMOHHOW (PYHKIMU [5], yUUTBHIBaIO-
el nHdopmanuoo 0 KOrepeHTHOCTH curHanoB. Ha puc. 1, nist cpaBHeHus,
MpUBEJEHBI TpaduKu OOBIYHON U MOJU(UIIMPOBAHHON YaCTOTHO-BPEMEHHBIX
KOPPEJALHUOHHBIX (DYHKIMM, pACCUMTAHHBIX MO UACHTUYHOMY HAOOPY BXOJI-
HBIX JTAHHBIX.

a o

Puc. 1. I'paghuxu vacmommo-epemennvix KOPPEIAYUOHHBIX DYHKYUIL:
a — 00bIuHOU; O — MOOUDUYUPOBAHHOL
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Hecmotps Ha TO, 4TO Ha 000oMX rpaduKax, MPeaCTaBICHHBIX HA PUCYH-
K€, KOPPEJSILMOHHBIA MUK OTYETIMBO Pa3jIMuuM, 3aMETHO, YTO Ha MPaBOM
rpaduke ypoBeHb IIIyMOB CYLIECTBEHHO HUXE, UTO CBUICTEILCTBYET 00 yBe-
an4eHn 3P(GEKTUBHOCTH YaCTOTHO-BPEMEHHOTO KOPPEISIIUOHHOTO METO/IA.
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ROBOTIC ARM’S EXECUTIVE SYSTEM PARAMETERS DEFINING
DURING FORCED MOTION

V.A. Onufriev
Tomsk Polytechnic University, Russia, Tomsk

AHHOTaHHﬂ — Ilokazano PCIICHUC 3aaa4un I/II[CHTI/I(l)I/IKaHI/II/I napamMeTpoB COCANHCH-
HOI'0 C IBUTATCJICM NBYX3BCHHOTO pO6OTOTeXHI/I‘-IeCKOFO MaHUITYJIATOPA, IJIA 9CT0
HCII0JIb30BAJIMCh OTHOCHUTCIIBHBIC YI'JIbI ITIOBOPOTA 3BCHBCB M 3HAUYCHUC ABWIKYIICTO
MOMCHTA Ha OCH.

The problem of the two linked robotic manipulator’s [1] executive subsystem
parameters determining is much complicated by second link’s impact to the
motions’ law. But the solutions like [2] are quite difficult, so there is a need
to find simpler ways of solving this task.
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During the forced motion, the manipulator’s operator-block diagram was
converted to the form shown in fig. 1. It was obtained from the standard
block diagram of robot’s electromechanical executive subsystem [3]:

M.

1 }:3 (11
_ P S
IP P

Y

Cu URH4—®_—CE

Tp+l

Fig. 1. Executive system’s scheme from input t and output q,:
T — the motor’s torque, q, — relative first link’s angle, R — the armature resistance,
T, — electromagnetic constant, c,, c, — constructive motor’s parameters,; J — inertia

moment on a motor’s axle; k, —gear’s transfer coefficient; M, — modulus of resistance

The t signal is considered as input signal for fig. 1 system and ¢,, ¢,
(relative second link’s angle) are two output signals (fig. 2).
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Fig. 2. Input and output signals
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During the forced motion the gravitation moment M, also influences [4].
The angular motion’s resulting equation can be shown in form of

ql :%r(p)r-'_VVeMc (p)Mc

During the forced motion an identification is implemented using W( p)|p:0

K
[S], and then the —~ multiplier can be used as K,, because the total

P
gravitation moment M has greater impact on the motion’s law (fig. 2).

— R’IKP
- CeCM ’

Then the transfer functions change to coefficients: W, (p)

RK, RK, RK
9 SO ql
CC,

e

/4 =— = T— I M . However, the work [4] says,
oM. (p) CeCM CeCM c [ ] y

that M, can be shown in form of M, =k, -sin(gq, )+ k; -sin(q, ), so
RK, RK

= T———2L.k -sin -2
CeCM CeCM ’ (QI) CeCM

q, -k, -sin(qz).

And solving this task using the method of least, we get a model:
q,=3.8477-10"t-0.9379sin(g, ) —0.0776 -sin(q, ), which has the absolute

error A(t) = |qu (1)—q, (t)| as in fig. 3.

0 0.1 02 0.3 0.4 0.5 0.6 0.7 0.8
t[s]

Fig. 3. Identification error in form of absolute error
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As a conclusion, the model is computed. So, the next step is to develop
control system, which can make manipulator’s links move the fixed
trajectory. It can be done by adding PID-regulators to the fig. 1 circuit.
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GUI MOBILE DEVICE - IDENTIFIER OF CONTROL OBJECTS

Lai Trung Tien, Tran Van Nam, 1.O. Ilyin

Tomsk Polytechnic University, Russia, Tomsk
E-mail: bkmsx.tien@gmail.com, trannambk90@gmail.com,
ilyin88ok@gmail.com

Abstract — The authors consider creation of convenient and functional graphical
user interface for the identifier of control objects on the basis programmable logic
controllers of two types.

Introduction

When you configure automatic control systems, the identification of control
objects (OC) is very important. The identification process provides
a mathematical model of control objects that in the future will provide the
coefficients for the accurating configuration of regulators. In this connection
was established mobile device management object identifier [1, 4]. To ensure
fast and convenient use of the identifier must be simple and intuitive human-
machine interface. In modern society, the most widely used graphics device
to work at work and at home is the touchpad. Thus parts of the cell identifier
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consists are the touch panel, controller and I / O modules. The graphical
interface of the touch panel must be interactive, correct and understandable
by specialists.

Creating the interface

During the development of the GUI created two versions of identifiers.

In a first version, as a programmable logic controller (PLC) is used OWEN
PLC 160 and graphic panel - OWEN SP270, as well as any connected
modules: analog input and discrete input-output. Programming the controller,
a special programming environment Codesys 2.3, and for programming the
operator panel is used configuration program SP200, which is supplied with
the panel. Creating a graphical user interface revealed that the process of
displaying information requires a large amount of graphics memory and
performance, for the dynamic display. Therefore, it was decided to choose
a more efficient industrial logic controller, as well as for ease of compiling
and debugging, combined with the touchpad.

The second option is a controller SPK207 having more speed graphics
system and allows you to display more information about the type of control
signal and connected properly. SPK207 is more convenient programming
environment, combined with graphic elements, thus reducing the amount of
work performed during the configuration and programming of the identifier.
SPK 207 has a larger number of interfaces (Ethernet, RS-232, RS-232 \ RS-
485, USB) to connect to a variety of signal sources, as well as slots for
connecting storage devices (USB Flash, SD card). Combining the functions
of the PLC and the operator allows, firstly, to reduce the overall cost of ICS,
and secondly, to save space when placing the PLC into a box. Increased
number of I / O by connecting external modules according to any of the built-
in interfaces. SPK 207 management is carried out using the touch screen and
the extra buttons with LED located on the front of the controller. When device
is connected, dialog of selecting functions is appeared: «CHOOSE
MODULE», «CHOOSE CONNECTION», change language interface
«LANGUAGEY»: English or Russian, as well as help page for «HELP»
(fig. 1). The next step is used to select the module, which will be connected
to an external signal source (sensors).

After you select the module, determine which inputs were connected
to sensor or actuator (fig. 3). When you press the desired input, a dialog box
appears to confirm or cancel the selection. After connecting to the
corresponding input, button move to the next menu screen becomes active to
complete the identification phase of the signal.
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IDENTIFICATION SYSTEM INPUT-OUTPUT MODULES ¢ mev—y ~ —— —

Analog input module E .mo .ua E

it Digital input module OWEN MB180-8A
‘Analog output module m .m: 0m0 .ED .mC
= e T
Fig. 1. The initial Fig. 2. Selection window Fig. 3. The window
window of device of I\ O modules of analog input modules
Conclusion

A graphic interface of the mobile device identifier control objects on the
basis of industrial controllers of «KOWEN» SPK207 was created. Currently
further work connected with correcting display of obtained information, as
well as the most accurate charts and graphs.
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GPU-ACCELERATED MOBILE ROBOT LOCALIZATION

Maxim N. Rud

Tomsk Polytechnic University, Russia, Tomsk
E-mail: rudmax13@gmail.com

Introduction

The problem of localization is one of the most important problems that has to
be solved for autonomous robot control. One of the most effective methods
of robot localization is particle — based Monte — Carlo method. Given the
map of the environment, this algorithm estimates the position and orientation
of robot as it moves and senses the environment. In Monte — Carlo method
system state is represented by set of particles. Each particle is a data object
containing one of the hypothetical robot states from the distribution and a
«weight» value. To maintain an accurate representation of the state
distribution, we must have a large number of particles, which makes the
particle filter computationally intensive. However, the hardest steps in the
particle filter are done independently on each particle, so it is inherently
suitable for parallel processing on graphical processing unit (GPU). CUDA
[1] is a parallel computing platform running on NVIDIA GPUs It is one of
the popular GPGPU (General-Purpose computing on GPU) platforms.

Monte-Carlo localization

The idea of Monte — Carlo localization is representation of possible robot
states by set of particles. These particles can be seen as virtual copies of
robot’s existence. Particles move simultaneously with robot according to
robot’s motion model and have several sensor beams representing robot’s
sensor model.

Our robot operates in the laboratory of robotics and turns with differential
steering, so its state includes three variables — x, y coordinates for robot’s
location and 0 — yaw angle for robot’s orientation.

There are main steps of the algorithm are presented below:
1. Generate a set of particle and initialize them with random positions
and weights.
2. Apply robot’s motion model to particles to predict the next robot’s
state.
3. Sense the environment and compare actual measurements with
predicted ones.
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4. Compute particle weights according on how well each particle
predicted the actual robot’s state.

5. Resample the distribution. Probability of choosing each particle is
proportional to its weight value.

6. Back to step 2.

Results

On fig. 1, you can see comparison of algorithm implementations using CPU
and GPU. We tested a plenty of particle numbers in order to collect an
accurate statistics.

450

400

s e

8000 16000 32000 64000 128000 256000
N particles

e (P e GPU

Fig. 1. Performance tests

We can see that using CUDA in Monte — Carlo localization implementation
gives us a great increase in performance. As it was predicted, the weight
calculation step is the most time — consuming step in the algorithm. After
porting it onto CUDA, we obtained approximately 15 times speed — up.
Algorithm was tested in specially created simulator. Now it is ready for using
on real hardware.
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LASER TECHNOLOGIES BASED ON MULTIWAVELENGTH
NANOSECOND LASERS

A.N. Soldatov, N.A. Yudin, Yu.P. Polunin, I.V. Reimer, A.S. Shumeiko,
S.Yu. Mirza, A.V. Vasilieva

Tomsk State University, Russia, Tomsk

AnHoTtanus — [IpencraBieH 00630p pe3yabTaTOB MCCIEAOBAHMS Jla3epa Ha Mapax
CTPOHIUS, KOTOPbIE MOKA3aJIk, YTO B 3TOM JIa3epe BO3ZMOXHO MOJyYEHHE BBICOKHX
sHepretuueckux (10 22 Bt) u yactoTHbiX (= 1 MI'n) xapakrepuctuk. [logoOHbIe
Ja3epHble MCTOUYHUKH MOTYT YCHEIIHO MPUMEHSTHCS B MUKPOOOpaOOTKEe CTeKIa,
JUTSl PE30HAHCHOW a0MsIUM TOJMMEPOB U OMOTKaHEH, a TaKkkKe B JUCTAHIIMOHHOM
razoaHajmnse.

NMocraHoBKa 3agauun

Jlazep na mapax crpormus (JITIC) sBusercs 3pPpekTHBHBIM HCTOYHUKOM
nazepHoro uznydyeHus B MK nuanazoHe Ha caMOOTIpaHWYEHHBIX NEpEXoaax
c A=6,456 mxm; A~3 Mxm (A=2,60; 2,69; 2,92; 3,01 u 3,06 mxm) Srl
uA~1 MM (A=1,091, 1,033 mxMm) Srll. Kak mokaspiBaeT aHaIu3, JJIMHBI
BosiH n3inydeHus JIIIC BXOasAT B MOJ0CKH MOTJIOMICHNS OJIMMEPOB U OMOTKa-
Hell. Bricokuii Ko3()(QULIHMEHT MOTIOUICHHS JIA3ePHOTO0 HM3IYYCHHUS Ha STUX
JUIMHAX BOJH oOecrnieunBaeT 3GEeKTUBHYIO abJALKIO, YTO MO3BOJIAET HANTH
Ja3epy NpUMEHEHUs B MEAUIIMHE, a TaKKe sl 00pabOTKH MOJIUMEPOB.

K nacrosmemy Bpemenu B JIIIC peannzoBana cpeaHsiss MOITHOCTh T€HE-
pauuu ~ 13,5 BT B pexumMe — «reHeparop», 22 BT B pexxume — «reHepaTop-
YCWJIHMTEIbY, IPU YEM DHEProChEM B JIa3epe PacTeT MPONOPLUHUOHATBHO 00b-
€My aKTUBHOM cpenbl. Hapsiny ¢ IMHUSIMU TeHepaluy Ha CaMOOTPaHUYEHHBIX
nepexojax aroMa M MOHA CTPOHIMS MOJIydeHa IeHepalusi Ha caMOOIpaHU-
genHoM mepexome (2'P—2'Sy) aroma remms A=2058 HM u mepexomax
(2s—2p) atoma HeoHa B cmecu (He + Ne + Sr). PeanuzoBan MOHU3AIMOHHO-
pexomMOuHanmoHHbIN pexxuM padboTsl JIIIC, mpu KOTOpoM HapsiLy C TMHUSIMH
reHepali Ha CaMOOTPAHMYEHHBIX MEePEeX0/iax aToMa U MOHA CTPOHLIUSA, pea-
nu3oBaHa reHepamnus Ha JuHUU A =430 M Srll [2]. DxcnepumeHTanbHO
JNOCTUTHYTa yacToTa cienoBanHusi uMmnyiabcoB (HCH) reneparuu ~ 830 xl'1y
[2]. ITpu 3TOM pe3yapTaThl YUCIEHHOIO MojaeaupoBaHus [l] mokazamu, 4To
npeaenbHas YCH renepanuu B jlazepe Ha Mapax CTPOHLIMS MOXET COCTaB-
JIaTh ~ 1 MI'm.

[Ipumenenue a3epa Ha mapax CTPOHIUS B MEAUIIMHE OCHOBAHO Ha 3(-
(dexre abnsauuu — ynajeHUH OMOTKAHH IMOJA JEHCTBHUEM JIa3€pHOTO H3IIyde-
HUs. BbUIO yCTaHOBIJICEHO, YTO JJIMHA BOJHBI 6,45 MKM OJHOW M3 ONTHUMAaJlb-
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HBIX JJTMH BOJIH JIJIsl paccedeHusi OnotkaHu. [Ipu Bo3melicTBUM HAa KOCTHBIE
TKaHM JIA3€PHOTO M3IYYCHUS Ha JAHHOM JIJTMHE BOJHBI OBLIN MOJY4YEHBI pa3-
pe3bl mHou 1...3 mm. Ilupuna pe3oB cocraBuna 100...350 Mkm nipu 1mium-
pHUHE 30HbBI TepMuUecKoro noBpexaeHus 10 mxm u 6osee [3].

Crnenyromieil TeXHOJIOTHEH, I/Ie YCIIEITHO UCIIOJIb3YEeTCs Ja3ep Ha mapax
CTPOHIIUS, SIBJIIETCS YNPaBIsiEeMbli TepMopackon ctekia [4]. CylmHocTh Me-
TO/Ja 3aKIIOYaeTcsl B CO3JaHHM OOBEMHOTO TEPMHUYECKOTO HAMPSKCHHS
XpYIKOTO MaTrepuajia Ja3epHbIM H3ITYYCHHEM, KaK MPaBUIO, HMEIOIINM
($hopMy PILTUNITUYECKOTO IMyYKa, BBITSHYTOTO BIOJIb HAIIPABJICHUS ABUKCHUS
C TMOCJEIYIOINM OXJIAXKIEHHEM 30HBI HarpeBa C MOMOIIBIO XJIaJareHra, Ha-
puMep, BO3IYIIHO-BOJsHOW cTpyH. [Ipm momadye xmamareHTta Bcien 3a Jja-
3€pHBIM IMyYKOM Ha (PPOHTE KUTICHUS MPOUCXOANUT PE3KOE JTOKATHLHOE OXJIaXK-
JICHUE TIOBEPXHOCTH MaTepuayia 1o JuHuM pe3a. Co3maBaeMblil TpagueHT
TeMIiepaTyp oOyCIaBIMBAET BO3HUKHOBEHHE B MOBEPXHOCTHBIX CIIOSIX MaTe-
puana HamnpsOKeHHE pacTsHKEHUM, KOTOpble 00ecreunBaroT oOpa3oBaHUE
Y PaclpOCTpPaHEHUE TPEUTUHBI OMPEICICHHOMN TITyOUHBI.

K mpeumyiiectBam yka3aHHOTO METO/Aa PE3KH CIEAYeT OTHECTH OO0JIb-
IIYI0 CKOPOCTb Pa3/eJeHUs]; BHICOKYIO TOYHOCTb MPU pa3MepHON 00paboTKe;
HU3KYI0 SHEProeMKOCTh Ipoliecca o0paboTku; OE€30TXOAHOCTh MpoIecca
pas3/iesieHust; BEICOKOE KauyeCTBO MOBEPXHOCTHU Pa3ACIIEMbIX U3ICITHA.

Takum oO0Opa3oMm, HE CMOTpPsS Ha JOCTaTOYHO OOJIbIIUE TadapUThHI
M0 CPaBHEHHIO C MOJIYMPOBOJIHUKOBBIMU CHCTEMaMHU Jia3ep Ha mapax CTPOH-
IIMS HaIlIe CBOE MMPUMEHEHNE B METUITMHE U TIPOMBIIIICHHBIX TEXHOJIOTHSIX.
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