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Abstract. This article discusses the latest methods of control and design of
continuum robots, including adaptive control, visual control, the use of hybrid
materials and the integration of artificial intelligence. Solutions for improving
the accuracy and maneuverability of robotic systems, such as hybrid controllers,
fuzzy controllers, singularity avoidance algorithms and dynamic modeling
methods, are described. Innovative approaches to stiffness management, the
use of biomimetic principles and flexible materials, as well as adaptive trajectory
planning are also discussed. Practical applications in the medical field, such as
fetoscopic operations and minimally invasive neurosurgical procedures, are
considered. Examples of experimental studies demonstrating the effectiveness
of the proposed methods and technologies to improve the functionality and
adaptability of continuum robots are given.
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Introduction

Most of the articles focus on solving control problems and optimizing the operation of robotic
systems in conditions of complex and changing parameters. The article [1] discusses methods of
adaptive control of non-stationary robots using online training aimed at eliminating problems
associated with limited and changing ranges of motion. The focus is on developing an adaptive
approach to managing non-stationary robots, using the online learning method to handle
changing parameters and uncertainty. The article [2] presents the continuum manipulator,
which improves the controllability and predictability of movement using a flexible design and
analytical methods for precise bending control. The design of the continuum manipulator is
presented, which provides precise linear movement and controllability thanks to innovative
materials and analytical methods. Both works emphasize the importance of precise control
and adaptation of robots to changing conditions in order to achieve optimal performance. The
article [3] describes a fuzzy controller that simplifies the control of continuum manipulators
and reduces computational requirements, providing effective trajectory tracking. In the
article [4], a hybrid position control model for the continuum robot was developed, taking
into account interaction with the environment, combining kinematics and dynamics. In the
article [5], a planning and management methodology for continuum multi-sectional robots is
proposed, taking into account uncertainty and interference. Simulation results are presented to
demonstrate the effectiveness of planning and management.

Figure 1
a) BHA mimics an elephant trunk b) A prototype of the c) The simplified structure
[1] proposed concept of the continuum robot [4]

of a continuous manipulator

[2]

In developing and improving control and simulation methods for complex robotic systems
in conditions of high uncertainty and instability, the authors propose the integration of various
methods and technologies to improve the accuracy and controllability of robotic systems.

The article [6] uses a combination of a kinematic model, a Gaussian process regression (GPR)
method and a ground-penetrating radar to correct errors and improve control accuracy. The
effectiveness of the method has been confirmed by experiments with a real stand.
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The article [7] proposes the integration of a continuous robotic arm for airspace control
using a modified theory and an adaptive approach. The test was performed in a simulated
environment. In the article [8], neural networks, an analytical model and a cascade controller
are combined to control a multi-segment manipulator with a pneumatic drive. The results were
confirmed by experiments on a real manipulator.

In the article [9], an improved model with piecewise constant curvature and a sliding mode
controller for controlling continuous robots are proposed, which includes interference suppression
and uncertainty estimation. Stability analysis and numerical modeling are carried out. In the
article [10], a mathematical interpretation of VAR is given and a new method for adapting VOR is
proposed. This study of adaptive control based on the cerebellum, complemented by a reference
model, provides a potential general solution for robot control. If the reference model is not used, it
will be difficult for an installation with more poles than zeros to respond immediately. The reference
model determines the behavior of the robot. Its response at a high frequency with a small time
constant shows a decline, low-frequency signals remain unchanged. To test the proposed method
of neural control of image stabilization using a reference model, the authors first briefly present
it, and then use it for modeling and experiments in Matlab and Simulink. The described cerebellar
algorithm can potentially become a modular controller for soft robots.

The metodology

Many papers explore various aspects of the design, control and simulation of continuum
robots. The main topics include the use of biological analogues to improve the functionality
of robots, the development of adaptive control methods to solve problems with changing
parameters, and optimization of modeling for more accurate and effective control. Attention
is paid to both innovative design solutions (for example, the use of soft and hard materials,
dynamic switching between states) and advanced methods of control and trajectory planning.

The article discusses the use of biomimetic principles and the combination of various
structural elements to create a robot with high flexibility and the ability to capture objects.
The article [11] discusses adaptive gripping using flexible and rigid materials based on origami
design. These articles emphasize the importance of creating structures that can effectively cope
with various manipulative tasks and adapt to different conditions.

Figure 2. Underactuated cable-driven robotic gripper with three compliant fingers fully open (left) and
closed (right) [11]
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The article proposes an approach to pose planning and robot control continuum, which takes
into account excessive degrees of freedom and flexibility. New methods such as simulation and
adaptive control are used to achieve stability and optimize trajectories. All three articles explore
methods aimed at improving the adaptability and accuracy of robots in changing conditions.
These articles combine a focus on the development and optimization of continuum robot
designs using both new materials and control methods to enhance their functionality.

Some articles are devoted to the development and improvement of continuum manipulators
and robots with an emphasis on flexibility, adaptability and control accuracy. The article describes
a mechanism that combines rigidity and flexibility through switching between discrete and
continuous states, which improves the functionality of the manipulator. This expands the range of
applications of continuum robots, allowing them to combine the advantages of rigid and flexible
structures. In the article, methods of dynamic modeling of continuum robots are proposed,
including the use of Cosserat rods and the development of a MATLAB code package for simulation.
This highlights the importance of accurate modeling to optimize design and control. The article
discusses the use of a MAML-based controller (Model-Agnostic Meta-Learning) for precise
positioning of the continuum manipulator under varying loads. This illustrates the importance
of adaptive management and minimizing data volumes for effective management and accuracy.

Other articles focus on the development and improvement of continuum robots with an
emphasis on stiffness and adaptability management. The article discusses a variable stiffness
manipulator that combines elements of rigid and flexible structural design. Modeling and
experimental tests confirm the effectiveness of this design. The article presents the concept
of improving the rigidity of continuum robots with cable drive using additional cables. This
allows you to increase the rigidity of the structure and reduce unwanted deformations. The
article discusses OctRobot-I, which regulates stiffness in various directions. Theoretical models
are being investigated and experimental tests are being conducted, demonstrating significant
improvements in the rigidity and performance of the robot.

Some authors focus on improving the functionality and adaptability of continuum robots
through the integration of various technologies and control methods. The article proposes a
hybrid controller with an error compensation function to improve tracking accuracy. A hybrid
controller is used that combines visual data and sensory information for precise positioning
and improved control in conditions of limited visibility. The focus is on error compensation and
improved tracking through data processing algorithms.

The article discusses the use of distributed artificial intelligence to increase the autonomy
and stability of robots. Methods of autonomous control based on distributed intelligence are
being studied in order to provide the continuum robot with the ability to perform autonomous
actions. Focuses on distributed artificial intelligence and autonomy, using examples of
bioengineered solutions to improve the robustness and autonomy of Continuum robots.
Explores the distribution of intelligence and autonomous solutions inspired by biological
systems to enhance sustainability.

The article presents a combination of hard and soft components for stiffness control and
proprioceptive perception of the robot. A stiffness control system and three-dimensional
positioning using spring and soft elements are described. It is focused on a combination of hard
and soft components for stiffness adjustmentand control, including experimental characteristics
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and module control. Focuses on stiffness management and proprioceptive perception through a
combination of hard and soft elements.

The article describes a robotic continuum system using contact-compatible mechanisms
(CACMs) to solve problems of torsion and loss of stability, which improves rigidity and
morphological accuracy. Considers mechanical design and modeling to solve torsion and wear
problems, using contact-compatible mechanisms to improve stiffness and stability.

These articles show a variety of approaches to improving continuum robots, from integrating
sensory data and Al to innovative design solutions and improving mechanical properties.

Findings/Discussion

These articles demonstrate a wide range of methods and approaches for improving continuum
robots, ranging from mechanical and structural solutions to control and planning algorithms in
complex environments.

The article [12] describes the mechatronic design of a device for precise fetoscopic surgery,
using the integration of a controlled tube and a manipulator with a remote displacement center.
The focus is on improving the maneuverability and stability of imaging through the use of a
stereoscopic camera and electromagnetic sensors.

Figure 3 - Schematic diagram of the FLP procedure for the treatment of TTTS showing
with the endoscope positioned to coagulate the placental vessel anastomosis [12]

In the article [13], the authors consider visual control for continuum robots, including
algorithms based on Jacobian optimization, in order to avoid singularities and provide control
in closed environments without prior calibration. The article [14] focuses on the control and
modeling of continuum manipulators, taking into account mechanical parameters and constant
curvature. The authors of the article [15] present the design and optimization of a robot with
concentric tubes for minimally invasive operations, with customization for a specific patient
and the use of preoperative MRI data. The article describes motion planning and a dynamic drag
control method for a two-section continuum robot in a dynamic environment using motion
capture systems and simulation planning.

These articles show a variety of approaches to improving continuum robots, from integrating
sensory data and Al to innovative design solutions and improving mechanical properties.
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Conclusions

This article summarizes the achievements in the field of control and design of continuum
robots, emphasizing the importance of integrating adaptive control methods, the use of
hybrid materials and the use of artificial intelligence. The approaches described in this paper,
including hybrid and fuzzy controllers, singularity avoidance algorithms and dynamic modeling
methods, demonstrate significant progress in improving the accuracy, maneuverability and
stability of robotic systems. Design innovations such as the use of biomimetic principles and
flexible materials, as well as adaptive trajectory planning, open up new possibilities for the
application of continuum robots in various fields, including the medical field. Practical examples,
including fetoscopic operations and minimally invasive neurosurgical procedures, confirm
the effectiveness of the proposed solutions. Overall, the article highlights the importance of
continuing research and development in the field of continuum robots in order to maximize
their potential in complex and dynamic environments.
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2Akademusi 102ucmuku u mpaHcnopma umeHu M.TeiHblwnaesa

NHHOBaLlMOHHbIE METOAbI ynpaBJiIeHUA U IIPOECKTHPOBAHUA p060TOB KOHTHHYYM

AHHOTanu4. B 53Tol cTaThbe pacCMaTPUBAIOTCH HOBEUIIHME MeTOAbI YIIPaBJIeHNU U IPOEKTUPOBaHUA
po60TOB continuum, BKJOYasd aJalTHBHOEe yIpaBJieHHe, BU3YaJbHbI KOHTPOJIb, UCIOJIb30BaHUE
rUOpPUJHBIX MaTepuaJoB M HMHTErpalyi0 HWCKYCCTBEHHOrO HHTeslekTa. ONnucaHbl pelleHUs [Js
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NOBbILIEHUS TOYHOCTU U MaHEBPEHHOCTH POOOTOTEXHUYECKUX CHUCTEM, TaKUX, KaK TUOpUAHble
KOHTpOJL/Iepbl, HeYeTKHe KOHTPOJLJIepbl, a/ITOPUTMBbl NIPeJ0TBPAlleHUs CUHTY/IAPHOCTEN U MeTO/ bl
JUHAMUYEeCKOro MoJeaupoBaHus. Takke o6GCY»KJar0TCs UHHOBALMOHHbIE MOAXOJAbl K YIPaBJeHHUIO
’KeCTKOCTbIO, HCIOJIb30BaHWEe OMOMHMMETHYEeCKHX IPHUHIMIIOB M THUOKHX MaTepHhasoB, a TaKxKe
aJlanTUBHOE IJIAHUPOBAaHHWE TPAeKTOpPUHM. PaccMOTpeHbl NpaKTUYEeCKHEe NPUMEHEHHs1 B 06JacTH
MeJUIMHb], Takue, Kak (PeTOCKONUYecKUe ollepalldd KW MaJIOMHBa3UBHble HeWpOXUpypruyeckue
npouenypel. IlpuBefeHbl NpHMepbl 3IKCIEPHUMEHTAJIBHBIX HCCAeJOBaHUH, [ €MOHCTPUPYIOIIUX
30PeKTUBHOCTD IpeAJaraeMblX MeTOJOB U TEXHOJOTHH AJisl yaydlieHUs QYHKLHUOHAJIBbHOCTH U
aJlallTUBHOCTU POOOTOB KOHTHHYYM.

Kiio4deBble €/10Ba: KOHTHHYaJlbHble POOOTHI, aJAITUBHOE YIpaBJeHUe, BU3yaJbHbI KOHTPOJIb,
rubpu/iHble MaTepUuaJibl, UCKYCCTBEHHbBIN UHTEJIJIEKT.

M.E. KanekeeBa*!, [.B. MypaT6ekoBal, 3.E. Konako6aii!, M.A.ToxkaxmeToBa’, /I.B.Baxurosa?
1Azamammuik aguayus akademuscsl, Kazakcman Pecny6aukacol, Aamamol K,
2MyxamedscaH TotHblwnaes amoiHoarsl ALT Ynusepcumem, Aamamul, Kazakcmax

KoHTHHYYM pOGOTTaphIH 6aCKAPY/ABbIH »K9HeE K006a1ayAblH MHHOBALUSIBIK dJicTepi

Anpgarna. bysn Makasnaza afjanTuBTi 6ackKapy, BU3yasbl Gakbliaay, TUOPUATI MaTepuasAap/bl
naiijjajiaHy »koHe >»acaHJbl WHTEJJIEKT HWHTEerpanuscblH Koca ajfaH/a, continuum pob6oTTapblH
6ackapy MeH »o6asiayAblH COHFbBI dJicTepi KapacTblpbliaabl. [UOPUATI KOHTpOJLIEpJiep, aHBIK eMecC
KOHTpOJIJIepJiep, CHHTYISAPJIbIKTBIH aJ1AblH a1y aJITOPUTMEePi KoHe JUHAMUKAJBIK MO e/b/iey 9AicTepi
CUSIKTBI POOOTOTEXHUKAJIBIK, KYHeJepAiH Aa/4Iri MeH MaHeBpiH KaKcapTyFa apHaJFaH LielIiMjep
cunatTasraH. CoHZail-aK KaTTbIBIKTEI 6acKapy/iblH WHHOBALUSJIBIK TaCii/epi, 6MOMUMETUKAJBIK
NpUHLUUOTEP MEH UKeMJi MaTepuaJapAbl NaiijjasaHy *KoHe aJalTUBTI TPAaeKTOPUSHBI KocMapJjay
TaJIKpLIaHabl. DeTOCKONUAIBIK ONlepalysiap XKaHe a3 UHBAa3UBTI HEMPOXUPYPIrUsJIbIK IpoLieAypaiap
CUSKTbl MeJMWILIMHA caJlachblHJaFbl MNpaKTUKAJbIK KoJiJaHbOanap KapacTeipbliazbl. Continuum
po6oTTapbIHbIH, (QYHKIUOHAIABIFBI MeH OeHiMAesyiH »KakcapTy YIIiH YCBIHBUIFAH 9JiCcTep MeH
TEeXHOJIOTUAJAPAbIH TUIMIJITH KepCceTeTiH 3KCIIepUMEHTTIK 3epTTeyJiepAiH Mblca/lJapbl KeJTipiJireH.

TyiiH ce3aep: y3/ikci3 po6oTTap, afjanTUBTI 6acKapy, BU3yaJiibl 6aKbliay, THOPUITI MaTeprUaIaap,
»KacaH/ bl UHTEJIJIEKT
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