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Abstract. 

This article presents a virtual laboratory tool for robotics 

practices, which for the case is oriented in assistive robot 

applications. The virtual environment shows the behavior of 

the robot based on the planning of trajectories from a point 

where a group of tools are located to a point determined by 

the hand of a user, simulating the action of delivery of tools. 

Based on this type of environment, it can be implemented 

algorithms of trajectory planning, gripping and variations of 

the robotic agent kinematics. The interface is evaluated 

through the task of collecting and delivering 3 different tools 

to a user, obtaining a precision of 97% in the performance of 

the assistance work. 

Keywords:Robotic assistance, planning of trajectory, 

kinematics, virtual environment. 

 

INTRODUCTION 

From the conception of robots as systems capable of 

performing heavy tasks in relation to the work developed by 

the man, its application in various fields has generalized this 

way of seeing them, its application in various fields has 

generalized this way of seeing them, performing many more 

tasks of precision than of force, which allows the 

accompaniment to the man in the performance of a work, 

where, for that case, they are known as welfare robots.  

In the field of robotics assistance, applications that can be 

addressed on different fronts has increased. From where, in 

the state of the art there can be found robots that assist the 

action of getting up to elderly people or with any incapacity 

that presents this problem [1] [2], additionally robotic 

assistants have been developed in feeding tasks [3] and in 

assistance to rehabilitation therapies [4] [5]. However, one of 

the main fields of application of this type of robot is nowadays 

in medicine, as assistants in surgery rooms, where advances 

are evidenced in strength applied by the robot for bone cutting 

[6], cardiovascular operations [7], laparoscopies [8], lung 

cancer [9] and thus could continue the list. 

Making relevant all those applications that allow to follow this 

type of development based on robotics assistance. In support 

of these developments there are the virtual laboratories, which 

have a wide field in applications of teaching in engineering 

[10] and that have been applied to the robotic part in diverse 

scenarios [11] [12]. Within the tasks that can be developed 

with robots, in this type of virtual environments, is the 

planning of trajectories of a robotic agent [13] or several [14]. 

With obvious advantages in the cost reduction of the 

evaluation of the planning algorithm by not requiring an 

expensive industrial robot, reducing the space required for 

learning practices and even giving security to the programmer 

as not being at risk of contact with the robot. 

These planning tasks are applicable to robot assistance as 

presented in [15], where a virtual environment based on 

robotics assistance would allow the evaluation of different test 

scenarios in the development of algorithms for robotic 

manipulation. Based on this, this article presents the 

development of a virtual environment for a robot assistance in 

a surgery room, supporting as an instrumentation facilitator. 

The article is then divided into three sections, the methods and 

materials used, the results obtained and the conclusions 

reached.. 

 

MATERIALS AND METHODS  

The virtual environment, associated to a surgery room, was 

developed under the VRML tool of MATLAB®, using an 

assistive robotic manipulator. The environment consists of the 

manipulator, a group of tools and a hand ready to receive the 

instruments. A gripping point was set on the required tool and 

the manipulator moves to that point to take the tool and 

transfer it directly to the surgeon’s hand. 

 

The virtual environment consists of a surgical table of metallic 

appearance on which the manipulator and tools are located, 

the virtual hand simulates the end point to which the selected 

tool must be carried, this selection is made by entering the 

name of the tool in the program. The manipulator was 

assembled piece by piece using SolidWorks software, starting 

with a fixed base that was added fitted to the table and ending 

with the gripper, this includes small metal spheres at each 

joint, which simulate the robot's motors, to allow the 

rotational movements of each link. Each additional piece of 

the manipulator was added fitted to the previous pieces, so 

that any change of rotation in any of the motors of the joints 
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generates a movement in the following links until reaching the 

gripper, as would a real manipulator. 

After assembling the robot and adding color details, a 

rectangular box was added on the metal table to put the tools 

on it, and thus allow the manipulator a greater range of motion 

than when it has to go to a point located at the height of its 

base. On the box were placed 3 tools, a scissors, a screwdriver 

and a scalpel, each one of different color to recognize them 

with greater visual facility. Fig. 1 shows the developed virtual 

environment. 

 

 

Figure 1: Virtual Environment 

 

Once the virtual environment is finished, it is necessary to 

implement an algorithm to generate the movement of the 

robot, i.e. the trajectory, for which it is necessary to calculate 

the inverse kinematics of the manipulator. A function is used 

which receives as input the gripping point X, Y, Z according 

to the desired tool, from which, when applying the inverse 

kinematics, the angles in radians of each joint are obtained as 

output. These angles are sent to the virtual environment, 

which allows to validate the displacement of the robot. 

In (1) it is shown the equation used to calculate each 

intermediate step of the path, where [𝑋𝑓𝑌𝑓𝑍𝑓]
𝑇
are the 

coordinates of the end point, [𝑋𝑖𝑌𝑖𝑍𝑖]
𝑇are the coordinates of 

the starting point, [𝑥𝑘𝑦𝑘𝑧𝑘]
𝑇are the coordinates of the current 

position of the end effector, [𝑥𝑘+1𝑦𝑘+1𝑧𝑘+1]
𝑇are the 

coordinates of the next position of the end effector and n is the 

number of intermediate positions that the manipulator will 

take to move from the initial position to the final position. The 

calculation of (1) is repeated iteratively until the error between 

the current position and the end reaches the desired minimum 

value. 

[

𝑥𝑘+1
𝑦𝑘+1
𝑧𝑘+1

] = [

𝑥𝑘
𝑦𝑘
𝑧𝑘
] +

1

𝑛
([

𝑋𝑓
𝑌𝑓
𝑍𝑓

] − [

𝑋𝑖
𝑌𝑖
𝑍𝑖

]) (1) 

 

In order to differentiate one tool from another, the user selects 

in the simulation code the type of tool to be grasped and, 

according to what he chooses, a position offset is added to the 

grip coordinate found to reach the correct tool, i.e., if the 

scissors are chosen and these are to the left of the manipulator, 

a position offset is added to the left to bring the manipulator 

up to the scissors, but if the desired tool is, for example, the 

screwdriver, the offset is added to the right. In the case of a 

scalpel, the final position depends only on the calculated grip 

and an offset in the direction opposite to the center of the 

manipulator. 

After adjusting the grip coordinates for the desired object, 

trajectories were defined in a straight line between the initial 

point of the robot and the surgeon’s hand, and the inverse 

kinematics were used to obtain the angles of rotation of each 

joint at each point of the trajectory and to enter them into the 

motors of the virtual robotic arm. In addition, the selected tool 

was moved along with the gripper to simulate the grip and 

transfer it to the surgeon’s hand. 

 

RESULTS 

In order to set the operation of the interface with respect to the 

trajectory, consecutive gripping tests of each tool are 

performed, decreasing the minimum error between the point 

of variation of the kinematics and of the tool. The execution 

time is counted from the input of the desired tool to its 

delivery and the accuracy of grip achieved. Table 1 shows the 

results obtained.  

 

Table 1: Grip-delivery validations 

Test 1 2 3 4 5 

Error (mm) 0.5 0.25 0.1 0.075 0.05 

Precision 

(%) 
26 48 68 82 96 

Time (s) 33 54 62 84 106 

 

It is possible to observe that the correct error value for an 

optimum grip is in 0.05, which although it requires a longer 

time, the precision achieved makes this threshold the best 

option, lower values fail to improve performance. Figure 2 

illustrates some scenes of the tool gripping operation and 

subsequent delivery to the end user, in the steps of locating, 

gripping, transporting and delivering. 
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Figure. 2:  Simulation tests. 

The virtual environment presented shows the entire 

programming process of the algorithm of planning and 

gripping of the tool. Using the VRML own command it is 

possible to change the view of the scene. 

 

CONCLUSIONS 

The design of virtual environments such as the one presented, 

shows its versatility when developing robotic control 

algorithms. In this type of environment, as it is illustrated, it is 

easy to change parameters of control and execution of tasks, 

reducing their implementation time and associated costs. 

The virtual environment presented required the integration of 

various concepts such as the design of the robotic architecture, 

the calculation of its kinematics, its implementation in CAD 

and application, the benefits provided in teaching and research 

focus the various models for their adjustment and tuning as a 

step prior to a real implementation. In turn, for this 

implementation, it is required to set mechanisms for gripping 

the tool, which for the case was assumed stationary, around 

the center of gravity. 

Potentializing the presented application can be done by 

remote loading of the control codes of the robot, so that not 

only would a virtual interface be obtained but a remote 

laboratory, which is set as future work. 
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