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Abstract— The article proposes a method for solving the 

self-collisions predicting problem of dual-arm multi-link 

robot. The method is based on the analysis of the distance 

between the skew vectors. The vectors describe the 

longitudinal axis of the cylinders - the links of the 

manipulators. The proposed approach will allow the 

prediction of possible self-collision of robot’s manipulators 

in online mode. Also, the application of the proposed 

approach is possible when implementing robot control 

based on the PbD approach in case of wrong actions of the 

operator (“teacher”), leading to a self-collision of 

manipulators. An example of using the presented approach 

is considered. 

 

Index Terms— self-collisions, predicting problem, dual-arm 

robot, multi-link manipulator, linear algebra, robot control 

 

I. INTRODUCTION 

The use of robotic systems has been a trend in recent 

years. One of the areas of robots’ application is 

associated with the use and development of the ocean’s 

resources. Multi-link manipulators are a species of 

robotic systems. They are installed on the remotely 

operated underwater vehicle and on the autonomous 

underwater vehicle. In connection with the problem of 

automation of underwater technical works, the problem 

of the position and orientation control of the manipulator 

end-effector is solved.  

In [1-15], approaches to design of various types of 

manipulators and methods for their control are considered. 

The design of modern multi-link manipulators is focused 

on the use of anthropomorphic structure [1, 6]. One 

example of such robots is the SAR-401 [16] (Fig. 1). It is 

the dual-arm robot with manipulators of anthropomorphic 

type. The dual-arm design leads to the possible collisions 

of manipulators with each other or with the robot base 

(body) during the work. Further, we shall call such 

collisions as self-collisions. Self-collisions are possible in 

case of incorrect actions by the human-operator or 

failures in the control system. So, one of the key control 

problems of a dual-arm robot is to design the control law 

of the manipulator's motion from the initial state to the 

target position preventing self-collisions. Although the 
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problem of motion planning of manipulators is relatively 

simple, but it is computationally complex too [17]. 

Various algorithms have been developed for motion 

planning of manipulators (see for example [18, 19]).  

Also, approaches to the analysis of manipulators 

collisions have been developed in [20-23]. For collision 

avoidance one should use an “occupied-free” approach 

[20]. According to this approach, a state of the 

operational area has two options “occupied” and “free”. If 

one of the manipulators is in the operational area, then 

this area gets the state “occupied” (it is defined as a 

prohibited zone for the other manipulator). If the 

occupying manipulator leaves this area, it gets the state 

“free”. In [21] the problem of dual-arm manipulation 

control with the help of the constraint-based 

programming is presented. These approaches are mainly 

based on the analysis of the interaction of only the end-

effectors of manipulators. Obviously, they do not 

guarantee collision avoidance between manipulator links.   

  
a)                            b) 

Figure 1.  The robotic system, a) the operator with copy-type setting 
device; b) the robot SAR-401. 

In [22] an approach which is based on the modelling of 

the manipulator and the objects by simple primitives like 

“cylinder” or “sphere” is suggested. Using such 

primitives different types of collisions are introduced. A 

simple method of detection of such collisions is obtained. 

The self-collisions detection method for dual-arm robot 

that is based on the division of operational space into 

small discrete volume spaces is considered in [24]. It is 

assumed that the control system generates restriction 

signals when the motion along the planed path will bring 
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the manipulator into occupied volume spaces. In our 

opinion, the considered algorithms have a certain 

restriction for implementation in real-time. 

The article proposes an approach of predicting possible 

self-collisions of dual-arm robot manipulators. This 

approach is based on methods of linear algebra. This will 

allow, in our opinion, to make the simple and suitable 

algorithm for implementation of the self-collision 

prediction mode of the dual-arm robot in real-time. 

II. THE METHOD OF SELF-COLLISIONS PREDICTION 

FOR DUAL-ARM ROBOT 

We will consider the dual-arm multi-link robot with 

manipulators of anthropomorphic type.  

Let us consider two skew vectors 1L  and 2L  that 

define the longitudinal axes of the cylinders (it is used for 

modeling the links of manipulators). An example of skew 

vectors is shown in Fig. 2. 
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Figure 2.  An example of skew vectors, a) skew vectors in the space; b) 
the cylinders as links of the robot manipulators. 

To implement the algorithm for predicting the self-

collision of manipulators, we use the relations for the 

distance between skew vectors 1L  and 2L . The distance 

between two skew vectors 1L  and 2L is determined by 

the length of the common perpendicular 3L  drawn to 

these vectors. Let find the indicated common 

perpendicular. 

Let the vector 1L  be determined by the canonical 

equation 

 11111 )( VtPtL  , (1) 

where ),,( 1111 zyxP   is the radius vector that defines 

the starting point of the vector 1L , ),,( 1111 nmlV   is the 

direction vector, 10 1  t  is a real coefficient. 

Similarly, for the vector 2L : 

 22222 )( VtPtL  , (2) 

where ),,( 2222 zyxP   is the radius vector that defines 

the starting point of the vector 1L , ),,( 2222 nmlV   is the 

direction vector, 10 2  t  is a real coefficient. 

The vector 3L  has the form 

 222331113213 :),,( VtPVtVtPtttL  . (3) 

In (3) 3V  is defined as a vector product of 1V  and 2V , 

i.e. 

 213 VVV  . (4) 

Transforming (3), we obtain a system of linear 

algebraic equations in a matrix form 

 12332211 PPVtVtVt  . (5) 

Solving matrix equation (5) we find the intersection 

points cc QP ,  between the skew vectors 1L , 2L  and 3L  
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The distance d  between the intersection points cc QP ,  

is defined as the length of the vector 3L . The analytical 

expression for d  is described by the equation 
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


  (7) 

If the condition 21 RRd   is fulfilled (where 1R  and 

2R  are radiuses of the cylinders for left and right 

manipulator’s links correspondingly, Fig. 2b), then these 

links of the manipulators do not collide. 

The collisions check is carried out at the intersection of 

all links of the left manipulator with all links of the right 

manipulator. 

This approach will make it possible to predict not only 

a typical collision (body-body collision [22], Fig. 3a), but 

also a possible collision in the region of the base of the 

cylinders (base-body and base-base collisions [22], 

Fig.3b). 

  
a)                                     b) 

Figure 3.  The intersection of cylinders, a) body-body collision; b) 
base-base collisions. 
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This feature is especially important for solving motion 

control problems for a multiple cooperative manipulator 

system in real practical applications. 

III. EXAMPLE OF SELF-COLLISIONS PREDICTION 

APPROACH IMPLEMENTATION 

We will consider the underwater dual-arm robot with 

manipulators of anthropomorphic type. The 3D concept 

of the robot is shown in Fig. 4. The robot is controlled by 

the copy-type setting device that is used by the operator 

(Fig. 1a). It is necessary to predict self-collisions of 

manipulators that may arise as a result of incorrect 

operator actions. When self-collisions are predicted, the 

system must block the operator’s incorrect action. It can 

be mentioned that anthropomorphic robot SAR-401 (Fig. 

1b) may be considered as a prototype of this underwater 

robot due to the fact that the same copy-type setting 

device is used. Also proposed methods and algorithms 

were initially worked out on SAR-401. 

The manipulator parameters of considered underwater 

dual-arm robot are given in Table 1. The kinematic model 

in the Denavit-Hartenberg notation [26, 27] is shown in 

Table 2. 

 

Figure 4.  The 3D concept of underwater dual-arm robot with 
anthropomorphic manipulators. 

Based on the proposed method the Matlab program 

was developed using the freely distributed 

RoboticsToolbox [28]. The schematic representation of 

the underwater robot manipulators simulated in Matlab is 

shown in the Fig. 5.  

TABLE I.  PARAMETERS OF THE MANIPULATORS 

Name 
Robot manipulators 

Left Right 

The length of the links, the analog 

of the human shoulder, mm 
700 700 

The length of the links, the analog 

of the human forearm, mm 
700 700 

Degree of freedom (excluding the 
end-effector)9 

6 6 

Center distance between the left 

and the right arm, mm 
1000 

 

TABLE II.  PARAMETERS OF THE MANIPULATORS 

Link, i iA  i  id  i   

1 0 π/2 0 75° 

2 0 π/2 0 160° 

3 0 -π/2 0.7 0 

4 0 π/2 0 -90° 

5 0 -π/2 0.5 0 

6 0.2 0 0 -90° 

 

As an example of the implementation of developed 

self-collision prediction method we simulate two cases. 

In case 1 it is assumed that the robot manipulators should 

collide in the point with coordinates  

(-0.3678, 0.7666, 0.4184). As a result of the program we 

get the coordinates of the manipulators self-collision 

point. The movement that leads to the collision is blocked. 

The Fig. 6a displays this case. 

In case 2 it is assumed that the robot manipulators 

should not collide. The end-effector of the right 

manipulator will come to the point with coordinates (-

0.3678, 0.7666, 0.4184), and the left manipulator end-

effector will come to the point with coordinates (-0.3678, 

0.7666, 1.4184). As a result of the program we get the 

information that manipulators do not collide. The Fig. 6b 

displays this case. 

In the proposed self-collision prediction method, it is 

possible to take into account the diameter of the cylinders 

which modeling the manipulator, controlling the 

approach of the segments to a distance 21 RRd  , 

where 1R  and 2R  are radiuses of the cylinders. 

 

Figure 5.  The initial position of the manipulators. 

 
a) 
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b) 

Figure 6.  Manipulators collision prediction result, a) case 1; b) case 2. 

The proposed method is also tested on an underwater 

robot simulator (see Fig. 7). As noted earlier, the 

proposed method of the self-collisions prediction for 

manipulators will be effectively used in design of the 

control law for the manipulator's motion path to prevent 

their collisions. 

In addition, using a modern manipulator control 

method called «Programming by demonstration» will 

also require the application of the self-collision prediction 

method proposed in the article. As noted in [29] 

«Programming by demonstration» (PbD) provides a 

natural way of programming robots showing the desired 

task. The PbD method is based on training the robot to 

perform various operations based on the results of the 

“teacher". In our case the operator with copy-type setting 

device can be considered as a “teacher” (see Fig. 1a). 

Obviously, in the process of training, the “teacher” can 

make mistakes. For example, due to poor calibration of 

the copy-type setting device the operator may collide 

robot manipulators with each other. So, the self-collision 

prediction algorithm must block this type of actions. 

 

 

Figure 7.  An underwater dual-arm robot simulator. 

IV. CONCLUSION 

The article proposes the method to predicting possible 

self-collisions of dual-arm robot manipulators. This 

method is based on the analysis of the distance between 

the skew vectors that modeling the axes of the cylinders. 

And the links of manipulators are described by these 

cylinders. Before the control signal is generated, a 

possible collision point of the manipulators is calculated. 

If the collision is predicted, then control signal is 

corrected. The proposed approach allows predicting the 

self-collision of manipulators both at the stage of path 

planning and during the generation of control signals. 

Also, the application of the proposed approach is possible 

when implementing robot control based on the PbD 

approach in case of wrong actions of the operator 

(“teacher”), leading to a self-collision of manipulators. 
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