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Some tasks of mobile robots motion control with “clinging” propulsion devices that work only in the “pull-
up” mode to a fixed support are considered, which is due to the flexibility of the cables used in propulsors. 
A method of moving by means of “clinging” anchor-cable propulsion devices attached to an underwater 
platform with a small positive buoyancy is described. The principle of the operation of robots of vertical 
motion with cable drives and the problems of calculating their modes of motion are described. Methods for 
solving the problem of mobile robots motion control with “clinging” propulsion devices with excessive non-
stationary connections are given. 

1.    Introduction 

Mobile robots having wheeled, tracked, walking and crawling movers [1-6], the traction 
properties of which are due to the force of interaction with the supporting surface due to the 
weight of the robot are known. However, other types of robots are known for which the forces 
of interaction with the supporting surface are independent of its weight. What robots include, 
for example, robots moving along vertical surfaces due to the aerodynamic or hydrodynamic 
pressing of the propulsion devices supports to the surface, the use of vacuum suction cups, 
electromagnetic forces of interaction with the supporting surface, etc. [7-10]. Propulsion devices 
are also known that reliably interact with a supporting surface, usually close to a cylindrical 
shape, due to its “force girth” [11-13]. 

To propulsion devices, not leaning on the supporting surface, but clinging to it, include 
cable propulsion devices [14-15]. Their feature is the ability to implement only the "pulling" 
effect on the robot from external bodies. The robot does not lean on them, but can only be pulled 
towards them. Such propulsion devices can be used to move underwater pontoons with a 
payload, and they can be classified as anchor-cable propulsion devices [16, 17]. Cable 
propulsion devices can be used both for movement and on vertical surfaces [18] with reliable 
fixation on it. 

Each of the propulsion devices has its own characteristics that require accounting and 
research. Some of them are considered in the presented work. 
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2.    The principle of operation of anchor-cable propulsors and the problems of 
calculating their modes of movement 

The method of moving technological equipment in the near-bottom zone by means of anchor-
cable propulsion devices attached to the platform with a small positive buoyancy is shown 
schematically in Figure 1. 
 

 
1 - bottom surface, 2 - fragment of a robot pontoon, 3 - water medium, 4, 5 - cable length control drives, 6 - cables, 7 - 

anchor, 8 - anchor transfer path 
Figure 1. The principle of operation and calculation scheme of the anchor-cable propulsion device: a) translational 

horizontal movement of the fragment of the robot pontoon by distance L due to pulling the drive 4; b) The movement 
of the platform at a distance S due to other propulsors and the transfer of the anchor to a new position due to the 

coordinated operation of drives 4 and 5. 
 
The work of such a propulsion device is similar to the work of a walking [6], but the 

difference is that the robot does not rest on the mover, but is held by it relative to the supporting 
surface and, being pulled to the anchor, moves in the horizontal direction. 

The advantages of such propulsion devices over the bottom-supported ones (wheeled, 
tracked, walking) is in almost ideal profile passability, and over propulsion devices based on 
water repulsion (screw, water-jet, etc.) in greater energy efficiency, more accurate positioning 
of the platform body and its stability, provided for the most part by control of the tension forces 
of the cables and their location, and not by the position of the loads on the platform. 
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A more efficient energy transfer is due to the fact that it is carried out due to the interaction 
of the mover with the soil, and not with the aquatic environment. Indeed, in order for a body of 
mass m to move at a speed V, another body of mass M must acquire a speed U, but directed in 
the opposite direction: 

 
m

U V
M

 . (1) 

For this, it is necessary do work A: 

 2 2 21 1 1
1

2 2 2

m
A mV MU mV

M
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 

. (2) 

In the case of a propulsion devices contact with the soil without slippage in equations (1, 2), 
M is the mass of the Earth, in the case of propeller, oar, or fish-tail motion [19] M is the mass 
of discarded water. Therefore, from the point of view of energy efficiency and equipment 
positioning, it is better to interact with the ground, and from the point of view of cross-country 
ability and ease of control, it is better to swim. 

A feature of mobile robots moving in an aqueous environment is the presence of buoyancy 
force, which can be commensurate with the weight of the robot. 

Therefore, a reasonable compromise is the use of mobile robots floating at a low height 
from the bottom, and the use of anchor-cable propulsion devices interacting with the bottom of 
the reservoir as means of movement (Figure 1). 

The main problems in calculating such propulsion devices and determining the optimal 
modes of their movement are: 

- determination of the number of anchor-cable propulsion devices, their mass and 
installation location at the robot-pontoon; 

- minimization of the roll and trim of the pontoon when changing the position of the center 
of mass of the transported cargo within the specified limits; 

- substantiation of energy effective modes of translational movement of the robot pontoon. 
The solution of the tasks set, based on the study of translational uniform steady motion of the 
platform (Figure 1), can be written as 
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where a is the distance from the center of mass of the robot to the point of application of the 
buoyant force F, bj is the distance from the center of mass of the robot to the axis of the drum, 
αj is the angle of orientation of the cable, G is the weight of the body of the robot applied to the 
center of mass of the body, Tj is the force in the cable, holding the j-th anchor, j = 1 ... N, N is 
the number of anchors. Sagging cables are not taken into account due to their short length. 

When the robot body is moved and the anchors are in the same position, the angles αj and 
the cable lengths lj change depending on the path S 
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where αj0, lj0 are the initial values of the angles and lengths of the cables. 
The equilibrium equations of resting anchors are of the form 
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sinα 0

cosα 0

j j j

j j j

N T mg

F N

  
  

, (5) 

where Nj, mg, Fj respectively the normal reaction, the weight of the anchor and the strength of 
adhesion to the ground. 

The condition for the feasibility of translational steady motion of the platform (3) is the 
fulfillment of the inequalities 
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Equations (3) are supplemented by N-3 control equations in the problem under 
consideration with the excessive presence of unsteady connections [20] (anchor-cable 
propulsion devices) 
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N
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where Aji, Bi are, respectively, the elements of the matrix A and the control vector B [8], selected 
on the basis of criteria, for example, the equality of all the tension forces, or their minimum, or 
the minimum of heat losses in drive motors controlling the length of the cables, etc. Fulfillment 
(7) is ensured by the laws of control of drives of anchor-cable propulsion devices [21]. 

Thus, the goal of the control is to provide the tension force of the cables Tj of the propulsion 
devices, both interacting with the ground and transferred to a new position. For propulsion 
devices interacting with soil 

 0 jT mg f    (8) 

where f is the buoyant force acting on the anchor. 
The lower boundary in (8) is due to the case of a complete sagging of the cable, and the 

upper one due to the separation from the ground. 
The propulsion device can be moved to a new position along different paths, in accordance 

with various laws depending on the surface profile [22]. The basis for the choice of transfer laws 
is the criterion of the minimum heat loss A in engines [23] in the form 

 
τ

2

0

α d ,jA T t   (9 

where τ is the transfer time of the foot; α is a known characteristic of drive motors; Tj is the 
force developed by j drives. 

It is possible to require a minimum rms power W developed by the engines [24] in the form 
of criterion I, defined by the expression 

 
τ τ
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where V is the speed of the robot, F is the force of resistance to movement. 
Criteria (9, 10) should be the basis for choosing the parameter bj for the placement of 

anchor-cable propulsion devices, the mass of m anchors and the relationship between the forces 
in the cables of the propulsion devices, characterized by Aji, Bi matrices in control equations (7). 
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3.    The principle of operation of robots of vertical movement and the problems of 
calculating their modes of motion 

Vertical movement robots with cable drives (Figure 3) in addition to the main drive 1, 
whose operation provides a change in the length of the cable, , has a drive 2 that controls the 
position of the additional mass ξ(t) of the robot, as well as braking drives 3 of free wheel. 
Additional drives are necessary for reliable contact of the robot 4 with a vertical surface and 
when overcoming obstacles on the surface due to overstepping. The stages of the algorithm of 
the movement of the robot on a vertical surface are schematically presented in Figure 4. 

 

 
 

Figure 3. The design scheme of the robot vertical movement: 
1 - cable drive 2 - drive of control position of additional mass position, 3 - wheel with a brake, 4 - robot. 

 
When moving the robot along a vertical surface (Figure 4), with a small constant velocity 

of the center of mass, the equations of motion have the form 
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where N1, N2 are normal reactions with a vertical surface at the points of contact of wheels, 
F1 ≤ fN1, F2 ≤ fN2 are tangent reactions (Coulomb friction forces with a coefficient of friction f) 
at points of contact of wheels with a vertical surface, M1=δN1, M2=δN2 - the moments of friction 
of rolling the wheels, G, G1 - the weight of the robot and the additional load, a, b, h. α - geometric 
parameters of the design scheme (Figure 4). 
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Figure 4. The movement of the robot vertical movement. 1 - vertical surface, 2 - obstacle, 3 - body, 4 - cable, 5 - 
wheel with a brake; 6 - controlled load. 

 
The initial cable length l0 and its extension Δl are related to the angle α of the cable tilt to 

the vertical surface 
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If we neglect the forces of friction, then equations (8) are enough to determine N1, N2, T: 
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Then the main task is to determine the law of change in the position of the corrective load 
with a weight of G1, providing the required indicators of the quality of movement: 

- maximum squared normal reactions 

 2 2
1 2NI N N   (11) 

- minimum heat loss in the drive of the cable mover 

 2

0

WI T dt


   (12) 

for a given vertical movement of the robot Δy both on a flat vertical surface, and when 
overcoming discrete obstacles. 

a) b) c) d) 

i) f) j) 



 

327 

4.    Conclusions 

The cable mover is promising for use in mobile robots. 
The main task of calculating cable propulsion devices is the task of placing them on the 

robot and determining the optimal modes of movement. 
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