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Abstract. This paper presents a new conception and analyzes a hyper-

redundant continuous robot (continuous style manipulator), drive system, 

and control strategy. The robot includes ten flexible segments and can be 

extended to several components as needed. The chosen hyper-redundant 

robot has a continuous infinite hybrid structure (HHRIC), based on 

hydraulic control with a rheological element. This system combines the 

advantage of a joint-level drive with a lightweight construction similar to 

the base-driven robots. It is suitable for tasks such as wiring in hard-to-

reach areas (caves, subaccounts, steep areas), transportation of fluids or 

food to areas affected by natural disasters (people buried under ruins), 

exploration in difficult areas (speleological research). Generally, the 

control algorithms for hyper-redundant robots are specific to the robots' 

constructive particularities to which they have applied and the environment 

in which they operate. Experimental results validate the proposal robot 

design and control strategies in virtual reality. As a result, it is concluded 

that hyper-redundant robots and immersive technologies should play an 

essential role soon in automated and teleoperation applications. 

1 Introduction 

1.1 Continuous hyper-redundant robot 

The kinematic redundancy of hyper-redundant robots is relatively high that can be even 

infinite. From a constructive point of view, these robots simulate the appearance of 

tentacles, snakes, or elephant trunks, that have been studied in different ways for the past 25 

years. Hyper-redundant manipulators were formerly referred to under multiple names, such 

as "swan's neck" in [1], "tentacle" in [2], "very high articulated" [3], etc. The name "hyper-

                                                 
*
Correspondingauthor:cristina.pana@edu.ucv.ro 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 343, 08009 (2021) https://doi.org/10.1051/matecconf/202134308009
MSE 2021

mailto:cristina.pana@edu.ucv.ro


redundant" was termed by Chirikjian and Burdick [4-7]. Due to their highly articulated 

nature, can use these robots in applications of: 

• Exploration - In unpredictable environments, there are areas of uncertainty where 

stepping is unsafe or unknown. A hyper redundant device (such as a tentacle, snake) can 

distribute its entire mass over a wide area of support. Its support between the safety points 

ensures the continuity of the operation. Such environments comprise planetary and extreme 

surfaces. 

• Inspection- Many inspection techniques in industry and medicine are based on fixed-

base mechanisms such as probes, video scopes and endoscopes. These devices are mainly 

used to inspect cavities that cannot see directly with the naked eye. Such applications 

include aviation engine maintenance, manufacturing quality control, process monitoring 

and inspection of chemical utilities and installations. 

• Medical - HR-type configurations have also been given attention as potential medical 

technologies. Minimally invasive surgery reduces or eliminates the opening of large 

sections of skin or tissue. This thing would have a significant impact in lowering 

hospitalization time, recovery time and patient suffering and significantly reducing the cost. 

• Environments with a high degree of danger - Human activity should be minimal in 

many areas with high radiation, very high or very low temperatures, toxicity, high pressures 

or structures with a high degree of fragility (resulting from natural or non-natural disasters). 

Various wheeled or towed machines have been built for such applications, but there are 

significant limitations on their ability to cross or manoeuvre in such dangerous terrain. A 

hyper redundant mechanism may be far more helpful due to the advantages mentioned 

above. In earthquakes, explosions, etc., the search for possible survivors or the removal of 

materials is often difficult due to debris and rubble, but an HR system could penetrate such 

an environment. These are applications that would eliminate the risk of accidents when 

using heavy construction equipment to dispose of ruins in rugged environments. Other 

applications would be in mine accidents, tracking inside the cavity, tiny articulated systems 

could easily penetrate and perform surveillance, ensuring communication with survivors. 

• Recognition - Recognition offers some new applications for HR structures. The ability 

to command tiny eyes or ears provides attractive opportunities for law enforcement 

agencies. The penetration of dense vegetation by robots, the tentacle or the serpentine can 

provide information that could not obtain otherwise. 

• Guidance, Direction - A special effort in wiring the various structures is made to guide 

the cables and lines through narrow passages inside some walls and pipes. For short routes, 

there are many manual tools for wiring these lines, but there are considerable limitations in 

the situations in which they are used for long ways. These operations involve lying down 

and working in somewhat awkward positions. Tentacle, horn or snake devices, for example, 

perform manoeuvres through which they initially pull specific instruments, which are then 

used to insert the respective cables. 

Despite the desirable features, advantages and applications of HR robots, there are still 

many challenges in manufacturing such robots. To create a truly successful HR robot, all 

the steps involved in the design need to be evaluated and solved. All this must be thought of 

as a whole complex. 

The implementation details the physical configuration of the HR robot. The format 

involves selecting the drive system, morphology and mechanical and electronic design, 

experimental settings and physical modelling. 

For each of these stages, the paper further presents an alternative to a new solution 

proposed and developed by the authors. 

At the heart of this framework is a cyclical design process: using the simulation can 

help the design process. Projects that do not prove to be functional in the simulation stage 

are not effective in reality either. Similar to the design stage and the choice of drive 
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technology may introduce restrictions in the design phase of the robot. Also, simulating the 

robot's movement using the virtual environment helps establish and obtain good 

performance in the natural environment. The following paragraph presents some general 

aspects related to virtual reality and its application in robotics. 

1.2 Virtual Reality 

Although since the 1960s the idea of Virtual Reality (VR) has been around [8], only robot-

assisted [9-11] and robot-assisted surgery recovery [12-14] have seen widespread use of its 

usage in robotics. However, there is a strong connection between robotics and Virtual 

Reality [15]. In Virtual Reality, robots could be employed to offer consumers haptic input 

to make the experience more engaging [16,17] or to enable the items and the user to interact 

[18,19]. On the other hand, VR provides support on the one hand technology in robotics in 

the scenario of teleoperation in a virtual environment [20], in the programming of the robot 

[21], as well as perform research on human-robot contact and collaboration [22-24] and 

even teach human operators how to cooperate with robots [25]. 

Modeling and simulation are an essential part of the development of robotic 

manipulators, in fact, in a variety of other domains. It provides a forum for collaborating 

with and learning about current and emerging developments in the field. When opposed to a 

mechanical equivalent, a simulated robot manipulator offers a more cost-effective and 

scalable approach. 

Moreover, VR can enable a large diversity of testing environments, that can be hardly 

achieved in laboratory conditions. For this reason, the operator can evaluate the robotic 

structure’s behavior much easier, with less effort and at virtually zero cost. Also, this 

facilitates a lot the training and learning process, ranging from experienced robot operators 

to university students 

1.3 Structure of the paper 

The topics addressed in this paper are robot dynamics, simulation, and control. The key 

objective is to monitor the robot's motion using Matlab/Simulink simulation and then by 

using a virtual robot model. 

This following is a description of the paper's structure: The prototype's architecture 

principles and dynamic model of an infinite-continuous hyper-redundant robot are 

explained in Section II. Section III introduces the control law and their simulations for a 

continuous planar hyper-redundant robot. Also, its simulation in a virtual medium is 

presented. Section IV is dedicated to the conclusions. 

2 Infinite-continuous hyper-redundant robot 

2.1 Robot system description 

Hyper-redundant robots are developed for operation in areas with limits on mobility and 

grasping manipulators. They are similar to biological structures like the elephant trunk, 

snake, octopus tentacle, and others. Constructively, robots have a continuous body, which 

logically allows for an unlimited number of joints. 

Compared to robots operating in open spaces, the location of the body and the effector 

in the narrow area are often critical for hyper-redundant robots. The load induced  by the 

actuator system (required for each joint) drastically limits their length. 
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The robot being analyzed (Fig. 1. a), shown in work [26], solves weight and length 

problems, maintaining high-performance mobility (at element level). 

It is a very long-length, hyper-discrete redundant robot, similar to the snake; its 

constructive features allow it to address types of movements similar to biological 

organisms, not so far applicable to hyper-redundant robots (movements of the snake, 

myriapods, fusiform worms, and others). Such a robot can handle any terrain. 

The presented robot consists of identical serial elements (Fig. 1.a). Each component 

incorporates a four-degree joint consisting of two joint five-degree (Fig. 1.b). The rotational 

joints are pneumatic cylinders with a controlled rotational movement employing hydraulic 

rotating cylinders integrated into them. An element of the robot is shown in Fig. 1.b. 

   

a)        b) 

Fig. 1. a) Hybrid Hyper-redundant Robot “Infinitely Continuously” HHRIC – general overview;  b) 

HHRIC – element details  

It consists of three pneumatic cylinders of rotation integrated with hydraulic cylinders to 

control the dynamics of the movement (one cylinder for the longitudinal axis of rotation 

and two cylinders with unitary movement for the transversal axis of rotation). 

 

Fig. 2. HHRIC – robot element 

By actuating the pneumatic cylinders, the longitudinal or transverse rotation of the 

element is ensured. The hydraulic motion control cylinders (integrated in the hydraulic 

cylinders) contains an electrorheological stop valve. By manipulating the electric excitation 

field's amplitude, the stop valve controls the flow of the fluid, respectively the rotation 

speed of the hydraulic cylinders. Being unitary with pneumatic cylinders dictates the 

dynamics of the movement. 
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The possible rotation for an element is 300
o 

longitudinal rotation and 180
o
 transverse 

rotation. 

For a pressure of 10 bar, a section of 30 elements can be handled by each element (no-

load). 

2.2 The Lagrange approach for dynamic paradigm of the ideal CHR robot  

The idealized CHR robot will be considered a model as in Fig.3, flexible, in which the 

internal frictions and damping will be neglected [27]. The effects of the section on the arm 

dynamics will also be ignored. 

 

Fig. 3. The ideal model of the CHR robot 

The index s is independent and proportional to the length of arc from the curve's origin C, a 

variable parameter, where 

     ∑    
 
          (1) 

where    denotes the the initial position of the CHR robot's N components and ∑    
 
    

specifies the length of the robot as a control variable. The configuration of the curve C is 

based upon two "continuous angles"      ,      and length variable ∑    
 
   . 

The robot’s orientation, for each point       , is described through a dextrorotary 

orthonormal basis vector         and its source correspondes to the point       , where   is 

tangent to the curve C, while   is orthogonal to it. The position of a current point M, at 

moment t, at range s originating with the arm, will be described in 3D space by a vector on 

the associated curve C, 

 ̅   ̅      ,    [   ]       (2) 

 ̅       [                  ]      (3) 

where 

       ∫                     
 

 
          

       ∫                     
 

 
      (4) 

       ∫            
 

 
,   [   ]      

The two angular parameters        and        establish the size of the arm and ensure 

the proper positioning of the terminal element: 
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             ∫                       
 

 
      

             ∫                        
 

 
    (5) 

             ∫              
 

 
      

The dynamic analysis of the system requires the introduction of the mass element dm as 

follows: 

              (6) 

where   will represent the assumed linear mass density evenly distributed over the 

length of the CHR robot. 

The following notations will also be used: 

        ,    [   ]   [    ]      

        ,    [   ]   [    ]      

          ,     [   ]   [    ]      

 ̇  
       

  
,     [   ]   [    ]      

  ̇  
        

  
,     [   ]   [    ]    (7) 

  ̈  
         

   ,     [   ]   [    ],       

          ,        [   ]   [    ]      

          ,        [   ]   [    ],       

where    and    will represent the distributed forces acting in the planes   and  , 

respectively, determine the evolution of the shape of the CHR robot. 

According to the position coordinates, the speed at each point, along the arm, will be 

defined by: 

 ̅   [      ]       (8) 

where 

   ∫   ̇                           

 

 

  

   ∫    ̇                           
 

 
    (9) 

   ∫  ̇        
 

 
         

Determining the equations of state that govern the motion of a CHR robot is a highly 

complicated matter. The continuous structure of the model, the existing nonlinearities, the  

force's and variable's distribution along the arm's length make it difficult to apply 

conventional methods. In the following, we will obtain the state equations by using 
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expanded Lagrange formulas to solve problems involving boundless dimensional systems, 

that necessitates the determination of the robot's mechanical energies. For a dm element, 

the kinetic and potential energy will be: 

      
 

 
           (10) 

                  (11) 

where 

      
    

    
        (12) 

The total energies of the arm will be obtained by integrating the relations (11), (12) with 

the corresponding substitution of the quantities defined by the expressions (5) and (10): 

     
 

 
 ∫ ,[∫    ̇                           

 

 
 ]

 
 [∫    ̇            

 

 

 

 

                ]
 
 [∫  ̇        

 

 
 ]

 
-    (13) 

       ∫ ∫       

 

 

 
         (14) 

To obtain the mathematical model, these expressions will be substituted in Lagrange's 

equations adopted for infinitely dimensional systems [28, 29]: 

 

  
(
     

  ̇
)  (

     

  
)  

     

  
        (15) 

 

  
(
     

  ̇
)  (

     

  
)  

     

  
        (16) 

where (
     

  ̇
) and (

     

  ̇
) corresponds to the functional partial derivatives (in the 

Gateaux sense) which are described as the fluctuation of the functional      in respect  ̇ to 

the point   [   ]. For example, (
     

  ̇
) has the following form: 

     

  ̇
  {[∫    ̇                           

 

 
 ][∫                

 

 
 ]  

[∫    ̇                           
 

 
 ][∫                

 

 
 ]  

[∫  ̇        
 

 
 ][∫          

 

 
 ]}      (17) 

The other partial derivatives are similarly calculated. Substituting these results in 

Lagrange's equations, we obtain the final form of the mathematical model: 

 ∫ ∫ {  ̈ [                                  ]    ̈ [                      ]  
 

 

 

 

 ̇  [                                  ]    ̇ [                      ]  

 ̇  ̇             }           ∫            
 

 
     (18) 

 ∫ ∫ {  ̈                          ̈                        
 

 

 

 

 ̇                           ̇                         ̇  ̇                   

    }                  (19) 

Equations (19) and (20) can be considered equations of an ideal CHR robot's state. We 

remind that in defining this model, friction and the effects of internal depreciation were 

neglected. Even with these simplifications, the respective equations represent an integral-
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differential, nonlinear solid model that will raise particular issues in approaching the 

management problems. 

In many applications, both to simplify treatment and address specific cases, the dynamic 

3D spatial model is replaced by a 2D planar model, such as a robot operating in the OYZ 

plane. In this case, the primary variable is represented by the angle among the tangent to the 

inflect and the OY axis, 

              (20) 

The dynamic model will be obtained by customizing the model (19) - (21) and will have 

the form: 

 ∫∫[  ̈              ̇             ]          ∫           
 

 
  (21) 

where   is the generalized force that determines the change of shape, movement, CHR 

robot in the OYZ plane of the variable  . 

3 Dynamic control for a hyper-redundant continuous robot 

3.1 Control laws 

The mathematical model of the CHR robot (from the above section) clearly shows the 

difficulty of establishing an appropriate driving law due to the complexity of the equations 

that govern a hyper-redundant structure's motion. With nonlinear components challenging 

to treat, the integrodifferential equations pose particular problems in determining 

appropriate solutions for the system's management to obtain the required performance. 

This section deals with control through ER actuators by using these models' 

fundamental energy relationships and minimizing the intricacy introduced by the dynamic 

model's complexity. The energy-based controller [30-32] uses control laws only based on 

the relationships that define the system's energy. This technique introduces a class of 

controllers, estabilshing the robot's movement in the desired position with good 

performance. The procedure is examined for a probing spatial infinite-continuous hyper-

redundant manipulator, and the regualtory laws are numerically reproduced. 

Fig. 4 a and b present an ideal CHR robot, with a constant distributed moment, with 

optimal adaptability, and the ability to take on any shape in the operating space. 

 

a)        b) 

Fig. 4. Infinite-continuous hyper-redundant robot's parameters (ideal model). 

Sometimes, conventional approaches are inapplicable in hyper redundant 

configurations; a huge number of parameters, theoretically unlimited number, and the 
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dynamic model's sophistication make it extremely challenging to use traditional algorithms 

to acquire the control law. The dynamic mathematical problem of a spatial CHR robot have 

been presented in the above section. 

This chapter will expand a dynamic control law focused on the primary energy-work 

relationship that capable of maintaining the system's closed-loop stability [33, 34]. This 

approach removes the more complicated issues that derive from the integral derivative 

model's nonlinearity and offers an easy solution for implementing a suitable controller. A 

control system is proposed to attain the target posture less using the CHR robot's 

mathematical model pointed schematically in Fig. 5. 

 

Fig. 5. The general control system of CHR robot. 

CHR robot's position control means controlling its movement to achieve the desired 

position defined by the curve: 

                    [   ]     (22) 

The error of the control system will be defined by: 

                   [   ]     

                            [   ]    (23) 

Next, two control laws will be proposed for the CHR robot operated with electro-

rheological actuators: 

• The first synthesizes the evenly distributed PD leadership, and 

• The second synthesizes the evenly distributed PD leadership with spatial weighting 

The robot movement's stability in control by each of these laws is demonstrated by the 

second Lyapunov method in a unique construction. 

First, a formal control law is proposed, 

           
              

     ̇            

           
              

     ̇           (24) 

where   
    ,   

    ,   
    ,   

     are positive coefficients. 

In this form, the relations (21) represent a classical PD-type conduction law in which 

the generated conduction quantity forces are evenly distributed along with the CHR robot. 

To appreciate this driving system's quality, we will not resort to the classical solution 

involving the extremely complicated dynamic model of the robot. Still, we will use the 

Lyapunov method in a particular construction [35, 36, 29]. 

The following Lyapunov function will be proposed: 

 

)(sd  

)(sd  

),( tsF  

),( tsF  

),( ts  

),( ts  

Eq. (17), (18) 

+ 
- 
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∫ [  

      
         

      
      ]  

 

 
  (25) 

    is positively defined because the terms representing kinetic energy and potential 

energy are positive or zero: 

                         (26) 

 Taking into account the energy relations established in the previous paragraph, the 

derivative of the function (24) will have the form: 

 ̇    

∫ [        ̇               ̇         
            ̇       

 

 

                                                    
            ̇      ]                    (27) 

Alternatively, replacing the expressions of the control functions, from (23), it results: 

 ̇     ∫ *  
    [ ̇      ]

    
    [ ̇      ]

 
+     

 

 
  (28) 

which shows the steadiness of the control system and the error's advancement toward 

zero. 

 A more efficient control law proposed for situations in which the curve defines the 

desired position of the movement does not have a "smooth" shape, presenting numerous 

"corners" and discontinuity elements. Thus, the control law will be in the form of: 

           
              

     ̇         
           ∫        

 

 
 ̇          

           
              

     ̇         
           ∫        

 

 
 ̇              (29) 

where   
    ,   

    ,  
    ,   

    ,   
    ,  

    are positive coefficients distributed along 

with the CHR robot and        ,         represent the spatially distributed functions. The 

third term of the control law introduces a weighting function to facilitate control. 

The result was a uniformly distributed PD law with spatial weighting for the hyper 

redundant system with ER actuation, the stability of which is also demonstrated by the 

second Lyapunov method. 

The following Lyapunov function will be proposed: 

     
                

 

 
∫ {  

      
         

      
                 

    *∫        
 

 
 ̇        +

 

 
 

 

      
    *∫        

 

 
 ̇         +}                                                                     (30) 

    is positively defined because the terms representing kinetic energy and potential 

energy are positive or zero: 

                        (31) 

Taking into account the energy relations established in the previous paragraph, the 

derivative of the function (30) will have the form: 
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 ̇    

∫ *        ̇               ̇         
            ̇         

            ̇       
 

 

  
     ̇             ∫        

 

 
 ̇         

                      
     ̇             ∫        

 

 
 ̇        +            (32) 

Alternatively, replacing the expressions of the control functions, from (24), it results: 

   ̇     ∫ *  
    [ ̇      ]

    
    [ ̇      ]

 
+     

 

 
       (33) 

which shows the steadiness of the control system and the error's advancement toward 

zero. 

So we have the following: 

- Uniformly distributed PD control: The CHR robot's closed-loop system is reliable if 

the control law is considered by: 

           
              

     ̇       

           
              

     ̇       

where   
    ,   

    ,   
    ,   

     are positive coefficients. 

- Spatially distributed control: The CHR robot's closed-loop system is reliable if the 

control law is considered by: 

           
              

     ̇      

   
           ∫       

 

 

 ̇               

    
              

     ̇      

   
           ∫       

 

 

 ̇         

where   
    ,   

    ,  
    ,   

    ,   
    ,  

     are positive factors distributed in 

conjunction with the CHR robot and        ,         represent the spatially distributed 

functions. 

Since the stability demonstration is not contingent upon the system dynamics, the issues 

related with model-based controllers [37, 38, 33] are prevented. The control laws (23) and 

(28) are autonomous of the system indexes, implying that they are stable and robust to the 

uncertainties associated with these parameters. 

The requirement to determine a good sizing of the system increase complication in 

choosing control parameters   
    ,   

    ,   
    ,   

    . Of course, the stability of the 

closed-loop system demands just that   
      ,   

      ,   
      ,   

      , but in 

experiments or simulations, achieving adequate performance requires a calculation 

procedure. Indeed, this selection of parameters varies according to the sophistication of the 

dynamic model of the function and the estimation of the control coefficients; the easiest and 

fastest solution was to use heuristic methods. 

An approximation method is proposed for the evaluation of the control parameters in 

the context of some simplifying hypotheses in which it is assumed that: 
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- Hypothesis 1: The movement of the CHR robot corresponds to "small" displacements, 

which check the condition [35, 36]: 

|                |   ,        [   ],   [    ]      (34) 

- Hypothesis 2: Motion control is a sequential control; the CHR robot elements reach 

the desired position systematically; the first component is positioned in the preferred 

standing, followed by the second and so forth. 

Under the conditions Hypothesis 1, Hypothesis 2, the control system (28), can be 

estimated in the error space through the equality: 

 ̈  
  
 

    ̇  
  
 

      
 

 
      ,        ̅̅ ̅̅ ̅,                       (35) 

where      (   
)  denotes the nonlinear term defined in the error space by the 

gravitational variable, while   
 ,   

  correlate to or in the plane   or accordingly the plane  . 

Equation (34) can be interpreted in conventional terminology of the damping rate    and 

the natural frequency    
, 

 ̈        
 ̇     

      
                          (36) 

where 

   
 (

  
 

   )

 

 
                       (37) 

   
  
 

 (     
 )

 
 

                       (38) 

  
  

 

 
                          (39) 

The use of a sliding control system is suggested for this model in which the direction is 

compelled to follow the switching axis, which is located immediately at the origin, in the 

classical terms of the damping rate   , according to Fig.6. 

 

Fig. 6. Direct Sliding Mode Control (DSMC). 

This precise control is called DSMC and was introduced in [39] for linear systems. The 

DSMC control may be acquired in the classic terms of the amortization rate     that verifies 

the conditions: 

  
    

  
 

   
                        (40) 

  
      

                        (41) 

 ei 

-m 

ei 

. O 

 

DSMC 
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The increase of    determines an over-damped movement, a beneficial phenomenon 

because this control guarantees the system's overall sturdiness. 

• The option of this index is centered on an approximation system, establishing the basic 

range of control coefficients.  

• Functions        ,         can be entered to achieve better performance when the 

desired trajectory has a shape that is not "smooth", with corners and shapes "sharp". For 

example,      there may be relationships of the distance between the real standing and the 

endpoints of the requested trajectory. 

3.2 Simulation 

For a higher comprehension of the control, the CHR planar robot is analyzed in the OZY 

plan. We use the dynamic model (20) and the control law (23). Spatial discretization is 

introduced     ,       ̅̅ ̅̅ ̅̅ .  

Using Hypothesis 1, the two relationships can be rewritten in the error space, as 

follows: 

   ∑  ̈ 
  
       

  ̇     
      ∑         

  
        (42) 

where:  

                            ,        (
  

  
)
         

,          .   

A sequential spatial control strategy (Hypothesis A2) causes the global movement to 

decompose. For the initial element, l = 1, 

    ̈     
  ̇     

                (43) 

The control law determines: 

                 (44) 

This process is repeated for every element,        ̅̅ ̅̅ ̅̅ . 

The DSMC control (Figure 4) compel the conditions [15, 24]: 

 ̇ 

  
          (45) 

On the changing line (44), the criterion for convergence of the movement to zero can be 

easily determined as follows: 

  
    

       

    
        (46) 

 

 
      

    
        (47) 

For the simulation test (Fig.7, 8), the initial position of the CHR robot is chosen as the 

vertical line (OY axis),  

case 1: the curve defines the desired position of the movement as a "smooth" shape, 

which can represent the movement of the robot in a grasping application 
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a)        b) 

Fig. 7. Simulation results: a) The evolution of the robot CHR to the requested place with the 

highlighting of both the initial and the final position, b) phase portrait of the error. 

case 2: the curve defines the desired position of the movement, presenting numerous 

"corners" and discontinuity elements (same initial position of the CHR robot), which can 

represent the movement of the robot in a manipulative application in a narrow and uneven 

operating environment 

  

a)        b) 

Fig. 8. Simulation results: a) The evolution of the robot CHR to the desired position with the highlight 

of the final standing, b) phase portrait of the error. 

3.3 Implementation in the virtual environment 

Since developing and testing software for a real robot is expensive and time-consuming, 

modeling is an essential aspect of the robotic application growth. Reinforcing the 

application in a prototype before applying it to the robot will reduce the iteration period by 

identifying possible problems early. Simulating also allows for studying specific cases or 

situations that would be too risky to examine in a real environment. A full 3D model of the 

Infinite-CHR to be managed with actual specifics has been constructed and conveniently 
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brought into the Unity3D project scene as a.fbx extension or as a Prefab. This assignment 

was completed with the external CAD and architecture software Solidworks (Fig.9). 

   

a)        b) 

Fig. 9. The Infinite-CHR robot modeled in Solidworks.. 

The import is validated by visually inspecting the model in the VR environment for any 

displacements. Besides that, the Unity 3D engine validates the complete migration of mesh 

details, representing a set of vertices that build the form of the model. No data must be lost 

during the transition from CAD software to the VR engine. The final goal for integrating 

such a model in a virtual environment is to provide a future possibility to easily access such 

a CHR robot to develop practical applications without the need to own one. 

 

Fig. 10. Unity imported model of the Infinite-CHR robot. 

Simulating the CHR robot using the Unity 3D engine is favorable since Physics can be 

implemented and simulated. This means that the environment in which the robot is 

simulated can reach quite realistic parameters. For example, in the scenario the operator can 

vary the robot’s mass, friction, acceleration and other such parameters that can gratly 

influence the dynamics of the robot. Also, by varying these parameters, the aging of the 

robot can be simulated, and also what happens if one of the robot’s joints fails or is out of 

its typical parameters. 
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4 Conclusions 

The new approach to continuous robot control introduced in this work is motivated by 

reducing computational complexity. The main innovation is both the robot prototype 

presented and a general control strategy based on energies. This control strategy is then 

implemented on a virtual robot. Thus, the virtual robot is selected as subject to directly map 

his degrees of freedom to those of the hyper-redundant continuous robot for which control 

is desired. 
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