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Abstract 

This dissertation has as an objective to design and implement a path planning algorithm to control a multi-agent system in a 

non-structured environment, using a path planning algorithm based on potential fields, a UDP communication protocol, so that 

the agents can exchange information among themselves, like their global position. For such experiments two mobile robots 

called “rasteirinhos” were utilized, equipped with sensors.
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I. INTRODUCTION 

Multi-agent systems are systems composed of multiple 

interactive computational elements known as agents. Agents 

have two important capabilities. The first is that they are 

autonomous and able to decide for themselves what actions to 

take to fulfill the objectives for which they were designed. The 

second is the ability to interact with other agents, not only by 

exchanging information but also by cooperating, coordinating, 

negotiating, and other social activities the kind[1]. 

To apply multi-agent systems to mobile robotics it is 

necessary to solve the problem of navigation and the problem 

of path planning. 

Navigation is the ability of mobile agents to know their 

location and plan their trajectory, the ability to navigate and 

interact with their environment. The problem with navigation 

is to answer these questions, "Where am I?", "Where am I 

going?" And "How do I get there?" from the point of view of 

the agent. This means that the agent has to discover its 

coordinates and orientation regarding the environment in 

which it is in and it has to know where it should go, because to 

fulfill some task it needs to know how to get there [2]. 

Path planning is a very important element to mobile agents. 

Path planning is defining the path which the robot or in this 

case the agent must take to arrive from one point to another, 

whatever the environment, avoiding obstacles along the way. 

There are several ways to approach this problem that are 

going to depend on the environment that the agent is in, on the 

type of sensors it has, the capacity of agent, among others. 

Path planning has several principal properties that depend 

on the necessary application 

These properties can be static or dynamic depending on the 

environment, local or global path planning. 

Static environment refers to the fact that there are no 

moving obstacles contrary to dynamic. Global planning refers 

to the fact that we already know the map and plan accordingly 

and local to the fact the agent doesn´t know the global map e 

reacts to the changes in its perceived environment[3]. 

 After the introduction to multi-agent systems This paper is 

divided in to a section «architecture», where the we will talk 

about the platform were the experiences will be made and path 

planning and localization, then the next section about 

«simulations» and its results, then we will talk about the 

«experiences» results and discuss its results and finally the last 

section is the «conclusion». 

II. ARCHITECTURE 

 
Figure 1 – Agent architecture 

The architecture of the agents that will be used in the 

simulations and experiences will be presented is this section. 

As observed the first thing to define are the objectives of the 

agent before starting his mission. After that the algorithm runs 

in cycle until it arrives at its objective. If it verifies that it 

hasn´t arrived at his objective, the agent verifies its position. 

The agent detects obstacles utilizing a Kinect sensor mounted 

at the front of the agent. Then communicates its position and 

the detected obstacles to, and at the same time receives 

information from other agents. 

The next three blocks refer to the danger level, the sum of 

forces and decision, and are responsible for the planning and 

decision off path the agents takes. Finally the last block is 

responsible for the control law, which decides how the agent 

approaches its target with the intention to dock at a certain 

angle. This cycle repeats until the agent reaches its objective 

and stops.  

A. Platform 

For the experiments, two mobile robots were used, that had 



as a base the “rasteirinho”, which is a mobile robot of the 

unicycle type, developed to be cheap and used in the academic 

environment, able to perform tasks usually done by robots a 

lot more expensive [4], equipped with two Kinects [5], one for 

the localization system and one for the obstacle detection 

system. For the location two other sensors were also used, an 

IMU UM6-LT and a compass CMPS10. 

The UM6-LT sensor measures the orientation in all three 

dimensions at a frequency of 500 Hz using a combination of 

gyroscopes, accelerometers and magnetic sensors. 

The CMPS10 sensor is a compass with a magnetometer and 

a 3-axis accelerometer. 

B. Localization 

To estimate the position of the robot, its speed and slippage 

using only on-board sensors, we used an algorithm composed 

of two Kalman filters and a PCA algorithm with the 

architecture of Figure 2. 

The left-most Kalman filter in Figure 2 is a three-band 

complementary filter and is responsible for estimating the 

angular velocity of the robot, the angle of orientation, and the 

slippage. 

Typically a complementary filter merges the information 

from two sensors, but in this case it has been expanded to 

three sensors allowing it to cover all the frequencies, and 

additionally a Kalman filter for optimality was added. For 

more details see [6]. 

 
Figure 2 - Localization 

The location also depends on a PCA algorithm, which once 

obtained and trimmed the depth images, compresses and saves 

them in a database, to be used for navigation. This algorithm is 

independent of the orientation of the robot since the images 

are rotated depending on the orientation. For more information 

see [7]. 

The right-most Kalman filter implements the LPV model as 

a function of the estimated angular velocity fusion and 

position obtained by the PCA algorithm [7]. 

C. VFF method 

The idea of path planning by virtual force field is that static 

or dynamic obstacles exert forces that repel the robot while the 

robot's objective exerts a force of attraction and the resultant 

sum of these forces determines the direction in which the 

robot moves. 

The VFF method combines the method of virtual force field 

with a certainty grid. Each grid cell applies a certain force to 

the robot in a given direction, which force depends on the 

position of the target relative to that same cell and also 

depends on the position and distance relative to one or more 

obstacles. 

The attraction force depends on xt and yt, which are the 

positions in x and y of the target, the attraction force still 

depends on the current position of the robot x0  and y0 and 

also depends on d(t) which is the absolute distance between 

the target and the robot. We can think of the difference 

between xt and x0 and the difference between yt and y0 as the 

error between the current position and the desired position. 

When calculating the error and dividing by the total distance 

we get a force of attraction normalized between 0 and 1, 

which can then be adjusted through a gain [8], [9]. 
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When planning trajectories, obstacles must be avoided 

using for that the level of danger, which must be maximum in 

the obstacle itself or within a minimum distance, which means 

there will exist a prohibited zone, which will then decay to 

zero as you move further from the obstacle. 
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The decay of the danger level depends on the decay factor 

represented by “α”. Existing several obstacles the danger 

higher danger level is the one who will be used [10]. 

Finally by multiplying the danger level with a gain, we get 

the repulsion force. 

),(),( yxUKyxF reprep   (3) 

By adding the force of attraction with the force of repulsion, 

we have the resultant of the forces at x and y. 

),(),(),( yxFyxFyxF repatttotal   (4) 

This method has the advantage of being computationally 

light, thus being able to open space for other calculations or to 

decrease the time interval between cycles. 

One modification is the VFF method with 90° auxiliary 

force. This theory appears as a way of trying to solve some 

problems identified in [9], such as local oscillations and 

minimums. 

What changes in this proposed method is that the forces of 

repulsion are perpendicular to the force of attraction and are 

given by a non-normalized Gaussian [11]. 

Then by modifying the VFF method given by Eq. (1), 

instead of a sum of repulsion forces we have only a repulsion 

force and a force perpendicular and of equal intensity to the 

force of attraction. 

),(),(),(),( 90 yxFyxFyxFyxF attrepatttotal   (5) 

Given the limitations of the VFF method referred in the 

articles [9] [11], the VFF method with repulsion force from 

the center of mass serves to minimize the probability of 

occurrence of local minima, adding an additional force to the 

sum of forces. By adding another repulsion force to the Eq. 

(1), we have the following sum of forces: 

),(),(),(),( yxFyxFyxFyxF centrepatttotal   (6) 

In which the force of the center of mass is given by the 

intensity of the level of danger, and has the direction of the 

center of mass to the respective cell, meaning, outside the 



danger zone the force is zero, and finally multiplied by a gain, 

to adjust the method parameters. 

),(ˆ.),(),( yxyxUKyxF OCcentcent   (7) 

Because this method has as a basis the grid of certainty, we 

take advantage of that to calculate the center of mass of each 

obstacle. In order to calculate the center of mass, the obstacle 

must be static and mapped. Dynamic obstacles such as other 

agents or people are not taken into account, as are unmapped 

static obstacles. 

We can calculate the center of mass of obstacle, in which 

each cell has unitary weight or variable weight. By using 

variable weight there is less likelihood that the agent will find 

a local minimum. In the case of variable weight, when further 

away from the pulling force, the greater the weight of the cell, 

with which it is possible to leave local minimums, using only 

the local planning of the trajectory. 

Taking into account the method presented in the previous 

section, it is still possible to add something more to the VFF 

method, in the form of an auxiliary attraction force. 

This method is the same as the one presented in the 

previous section, but after choosing the robot goal the 

algorithm adds a second attraction force, causing the robot to 

address that force before finally moving on to the final goal. 

This method in conjunction with the repulsion force of the 

center of mass should make the robot be able to exit most of 

the local minima. 

),(),(),(),( yxFyxFyxFyxF centrep
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For this method to choose the auxiliary attraction force has 

to first measure the angle between the agent and center of 

mass, and center of mass and the final objective. After 

calculating the angle, calculate the modulus of this value and 

if it is greater than 60 degrees, it inserts an auxiliary attraction 

force, which goes from the object boundary, is aligned with 

the center of mass and has an angle with half the magnitude of 

the angle calculated previously. 

 
Figure 3 – VFF method auxiliary force 

So far, for path of trajectories, we treat the environment as 

static, but this is not the case for many real applications 

involving multi-agent systems or mobile robotics, being 

possible the presence of other agents, human presence among 

others [12]–[14]. 

The VFF method can also be applied between mobile 

agents, so that an environment in which there are multiple 

mobile agents, there are no collisions. Imagining that agents 

have different goals and various forces acting on them, this 

would be just one more force to add to the sum of the forces of 

Eq. (1). 

),(),(),(),( yxFyxFyxFyxF agrepatttotal   (9) 

The agents, by communicating with each other and passing 

the information of their location with the other agents can then 

plan their trajectory according to this information. As for static 

obstacles for mobile obstacles you must also define a 

minimum and a maximum distance, and calculate the level of 

danger by treating the agent as a point. 

In the previous method we started to treat the environment 

as dynamic, but we are still dependent on the information 

transmitted by other agents. If communications fail, agents 

will be "blind" to dynamic obstacles. In multi-agent systems, 

each agent must have its own intelligence as well as social 

intelligence [1]. This means that if communications fail, each 

agent must be able to continue to function. Besides that, with 

communication we only have the information about the 

location of other agents, without knowing anything about 

unmapped static obstacles, or other dynamic obstacles, such as 

humans. 

To get around this situation a Kinect depth sensor was 

mounted in front of the agent. 

We eliminate values with distances above 2.7m since the 

further the Kinect object is, the greater the probability of 

errors in reading. Then we get the minimum of each column, 

which must be greater than zero and eliminate the columns in 

which there are only zeros. 

)),(0min(),( jidepthjidepth   (10) 

After calibrating the Kinect using the calibration values and 

the method in [15] we were able to get the 2D values of points 

relative to the Kinect orientation. We then get two vectors, one 

for depth and one for width. 

 
Figure 4 - Vectors relative to the Kinect 

First and similar to the VFF method presented in article 

[11], we define the repulsion force as a sum of all points. 
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The first problem is that because of the Kinect's depth 

sensor limited field of view off about 57°, the “rasteirinho” 

loses the sight obstacle when it starts to move to avoid the 

obstacle, which causes an oscillating movement because the 

obstacle is always entering and leaving the field of view, 

which causes collisions or near hits with the obstacle. 

One way to solve this problem is to maintain the repulsion 

forces for a predefined time, in case it does not notice any 

more obstacles. 

This approach solves the problem in case of "open field". 

But since the repulsion force is given by the mean of a sum of 



forces, corresponding to all points given by expression (11), 

the resultant may not be the desired one. 

In addition to the previously mentioned problem, the 

computation time also increases because the vectors can have 

hundreds of points, which must pass through a coordinate 

transformation matrix, which uses the orientation and position 

of the robot to transform the coordinates relative to the robot, 

to global coordinates, in order to be able to transmit to the 

other agents. 
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Then alternatively all points are reduced to a single point. 

),(),(),( yxFyxFyxF repatttotal   (13) 

Thus when an obstacle is detected the agent uses the point 

closest to the obstacle to calculate the repulsion forces, 

holding that point until it detects a point closer or if it stops 

detecting the obstacle it holds that one point for a 

predetermined time interval. This method also speeds up the 

process of transforming the point to global coordinates, and 

facilitates the transmission of information to other agents. 

D. Control law 

In the previous section we talked about path planning, but 

without taking into account the maneuverability of the agent. 

Most of the mobile robots, for reasons of maneuverability, can 

be characterized with structures of the unicycle type [16], [17]. 

According to the author of articles [16], [17], the nature of the 

problem can be approached based on Lyapunov's stability 

theory. 

Considering a unicycle-type robot with a distance e from its 

target, with an angular velocity ω and a linear velocity 𝑢, as 

represented in Figure 5. Then the kinematics equations arise, 

involving the Cartesian positions x, y and the orientation angle 

ϕ, all measured with reference to the Cartesian axes of the 

objective 〈g〉. 

 
Figure 5 - Kinematics [16], [17]  



























sin

cos

uy

ux
 (14) 

Let u be the linear velocity along one of the axes of the 

robot, which can be defined by the following equation: 

0;)cos(   eu  (15) 

And ω is the angular velocity of the robot, which has the 

following equation when α ≠ 0: 

0);(
sincos

 khk 



  (16) 

When α = 0: 

 h  (17) 

For stable convergence the following requirements must be 

respected. 

 )1(2;1  hkh  (18) 

For more information consult [16], [17]. 

E. Comunicação 

Although less reliable, the communication protocol chosen 

was the UDP protocol over TCP / IP, for the following 

reasons: 

 The TCP / IP protocol takes more time while it waits 

to read the information, the UDP protocol reads 

immediately, even if it is an empty information vector. 

 If TCP / IP communications fails due to some network 

error or internet failure, the agent program is forced to 

stop unlike the UDP protocol. 

 You can only open one TCP / IP connection within 

each session of Matlab, so you cannot scale it to more 

than two agents unlike the UDP protocol. 

III. SIMULATIONS 

In this section we will present the results of some 

simulations, on path planning, and on some problems of the 

VFF method and some modifications to the algorithm, 

although not all the simulations realized on this thesis. 

A. Map 

 
Figure 6 – Lab’s binary map 

After mapping, we represent the laboratory by a grid of 

certainty, in which in black we have the obstacles and the 

white the free space. Knowing that obstacles are prohibited 

zones, we use the danger level to create zones that are 

prohibited to agents, and areas where agents must proceed 

with caution in order to avoid other agents and avoid 

collisions with obstacles. 

B. Control law 

The parameters for the control law for the following 

simulations are,γ = 0.4, λ = 0.1, k = 0.8, h = 1.5, vmax =



0.15 (
m

s
) , ωmax = 1(

rad

s
) , el = 1(m), where h> 1; 2γ <k <(h 

+ 1) γ must be respected so that the control law is stable. 

Also to be noted that final goal is marked with a red circle. 

C. VFF method 

For the classical VFF method two simulations were 

performed to demonstrate the limitations of the algorithm. In 

both cases the agents found a local minimum as can be 

observed in Figure 7, which corresponds to the first simulation 

performed. 

As we observe the agent starts his movement towards his 

final goal, when he enters the danger zone he begins to deviate 

and to oscillate slightly, until he finds the local minimum due 

to the protuberance. 

 
Figure 7 – VFF method local minima (axis in dm) 

The limitation of this method is due to the fact that it is a 

method of local path planning it decides its trajectory as it 

detects the repulsive force of the obstacles. So there are points 

on the map which the robot comes to an impasse due to a 

balance between the forces of repulsion and the forces of 

attraction. These points arise due to the size of the obstacle 

and due to protuberances or concavities. 

D. VFF method with 90° force 

For the VFF method with 90° force two simulations were 

performed to show that although it improved the classical VFF 

method it still has limitations. In the first case the agent has 

found a local minimum as can be observed in Figure 8 and in 

the other it oscillates. 

As we see in Figure 8, the agent begins its path towards its 

goal and when entering the danger zone causes the force of 

90° and the repulsion force to be applied, thus causing the 

robot to begin to go to right the and find a local minimum. 

 
Figure 8 - VFF method with 90° force local minima (axis in dm) 

The limitation of this method as in the classical method is 

the fact that it is a local path planning, as it decides its 

trajectory as it detects the repulsive force of the obstacles and 

the fact that the auxiliary force of 90° always has the same 

direction, can be effective in certain cases, and leading to local 

minima in others due to a balance between the forces of 

repulsion and the forces of attraction. 

E. VFF method with repulsion force from the center of mass 

For the VFF method with repulsion force from the center of 

mass, three simulations were performed, two to show that it is 

a superior algorithm to the previous one and another one to 

demonstrate its limitation. 

As we can see in Figure 9, the robot starts its movement 

toward its target until it changes its trajectory when it senses 

the field of forces, and when it reaches the protuberance it 

changes its trajectory in a way that surpasses the cell due to 

the repulsive force of the center of mass, unlike in previous 

cases, reaching its final goal. 

 
Figure 9 – VFF method center of mass force (axis in dm) 

The limitation of this method is that when the start and 

finish points are aligned with the center of mass of the 

obstacle the robot can find a local minimum or take longer to 

overcome the obstacle, as we can see in Figure 10, in which 

the agent is almost in a local minimum and when it is able to 

"escape" it takes more time and oscillates considerably when 

passing the cell, a phenomenon that can be observed in Figure 

11 by the considerable time to reach the final objective. 

 
Figure 10 - VFF method center of mass force oscillation (axis in dm) 

 
Figure 11 - VFF method center of mass force oscillation witch time (s) 



This method is more reliable than the classical VFF method 

with auxiliary force of 90°, causing the agents to overcome the 

cell in the center of the laboratory, but as was observed in the 

previous simulation the limitation of this method occurs when 

the starting points and arrival are aligned with the center of 

mass of the obstacle, which may lead to the agent finding a 

local minimum or delaying leaving a certain zone. 

F. VFF method with repulsion force from the center of mass 

and auxiliary force 

The VFF method of the previous section can be expanded 

by adding an auxiliary pulling force so as to cause the robot to 

move out of the local minimum before moving towards its 

final target. 

Three experiments were carried out with the same 

parameters of the three previous experiments. Since the latter 

was intended to demonstrate that by adding an auxiliary 

attraction force the agent is more likely to escape local 

minimums. 

 
Figure 12 – VFF method center of mass auxiliary force (axis in dm) 

As we can see in Figure 12, the robot still oscillates, but it 

manages to escape to the local minimum more easily, and 

even choosing a longer trajectory, the agent takes less time to 

complete the route as we can see in Figure 13. 

 
Figure 13 - VFF method center of mass auxiliary force coordinates with time 

(s) 

As can be seen in Figure 10, with only with the method of 

the previous section, where there is no auxiliary force, the 

agent almost encounters a local minimum compared to the 

simulation in Figure 12 in which the agent more easily escapes 

to the local minimum. We also find that by adding this 

auxiliary force, the robots stop following the shortest path to 

their destination. We can conclude that by adding an auxiliary 

force the agent is more likely to escape the local minimums. 

G. VFF method between agents 

The virtual forces method can also be applied to mobile 

robots themselves or to other unmapped dynamic obstacles, as 

long as the robots have a way of knowing they are there, and 

this involves the communication of information between 

mobile agents such as their global position or information 

obtained by their sensors. 

For this, six simulations were carried out in which the 

agents had opposite and perpendicular trajectories, with 

aligned and misaligned trajectories in which the agents 

theoretically communicated their position to each other or that 

only detected the other agents through their instrumentation. 

In Figure 14, we observe the VFF method in which the 

agents begin their trajectories in opposite but slightly 

misaligned directions, and when they are within the danger 

distance the agents deflect their trajectories in order to avoid 

the other agent in safety. This would be the case where the 

agents communicated their positions to the other agent in such 

a way as to avoid colliding. 

 
Figure 14 – VFF method between agents (axis in m) 

In Figure 15 the robot and an agent begin their backward 

trajectories slightly misaligned, thus causing the robot to 

deviate to avoid a collision with the agent. In this case, the 

agent represented by the green trajectory detects the other 

agent using the on-board instrumentation. 

 
Figure 15 – VFF method robot and agents unaligned (axis in m) 

We can conclude that in simulations in which agents 

exchange information regarding their positions with other 

agents, the VFF method is adequate to avoid collisions 

between agents. 

Even if only one agent knows the location of the other, the 

VFF method works. 

But the simulations are under ideal conditions, since there 

are no flaws in the communications and we assume that the 

agents have instrumentation that allows them to have a 360 ° 

view. 

IV. EXPERIMENTAL TESTS 

In this section we present the experimental results of some 

experiments carried out regarding the VFF path planning 



algorithm. 

A. Control law 

The parameters of the control law, which were obtained 

iteratively, for all experiments presented in this section are as 

follows: γ = 0.4, λ = 0.1, k = 0.8, h = 1.5, where h> 1; 2γ <k 

<(h + 1) γ must be respected so that the control law is stable. 

Note that in the following experiments (𝑥𝑖 , 𝑦𝑖)  represents 

the initial position in centimeters, (𝑥𝑓 , 𝑦𝑓) represents the final 

position in centimeters, 𝐾𝑟𝑒𝑝 the repulsion gain, 𝐾𝑎𝑡𝑡 the 

attraction gain, 𝛼 is the level of decay of the danger level, 

𝑑𝑚𝑎𝑥  is the maximum distance in meters from the danger level 

and finally 𝑑𝑚𝑖𝑛  is the minimum distance in meters from the 

prohibited zone. 

B. VFF method in static environment 

Two experimental tests were performed in a static 

environment, one with the robot navigating in the laboratory 

using the classic VFF method with a simple trajectory as a 

proof of concept and a second of the robot crossing the 

laboratory using the VFF method with repulsion force of the 

center of mass. 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(3.3,3.0) (17.2, 5.1) 2 1 0 2.7  0.0  
Table 1- Parameters VFF method  

 
Figure 16 - VFF method proof of concept (axis in dm) 

The first test served to test the concept of using the VFF 

method to navigate the laboratory and served as proof of 

concept, being a simple case that would cause the VFF method 

to encounter problems. It served to see if the “rasteirinho” 

went to his destination and did not collide with the cell in the 

middle of the laboratory. 

As we can see in Figure 16, the “rasteirinho”, marked by the 

green trajectory, starts towards the target and deflects its 

trajectory when it feels the forces of repulsion of the obstacle. 

It should be noted that in the end the “rasteirinho” got lost 

because the instrumentation was not well calibrated, but since 

this test was used to prove the concept it is acceptable. 

Note that the green is the trajectory of the “rasteirinho” and 

the blue is the comparison with the simulation. 

In the second experiment we make a comparison between 

the simulation and the experimental test of the VFF method 

with center-mass repulsion in which the parameters are 

defined in Table 2. 

 
Figure 17 - VFF method proof of concept coordinates along time (s) 

We can see that the algorithm behaves similarly to the 

simulation. We noticed that it goes more to the tangent in the 

obstacle, but because there is a margin of safety between the 

prohibited zone and the obstacle itself the robot was able to 

overcome without colliding. It also had a problem with the 

gutters that are in the narrowest part of the passage, but also 

managed to overcome. Note that the green is the trajectory of 

the “rasteirinho” and the blue is the comparison with the 

simulation. 

(𝑥𝑖 , 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(18.0,2.1) (1.5, 9.9) 2 1 0 2.7  0.0  
Table 2 – Parameters for VFF method with center of mass 

 
Figure 18 – Test in lab for VFF method with center of mass (axis in dm) 

As we can see in Figure 19 the simulation and test times are 

similar. 

 
Figure 19 - Test in lab for VFF method with center of mass along time (s) 

We can conclude that this method can be successfully 

implemented for navigation in the laboratory, although it does 

a tangential passage with the obstacle as we can observe in 

Figure 18, but as the method has a margin of safety there was 

still room for maneuver. 

C. VFF method in dynamic environment 

For the VFF method in dynamic environment, several 

experiments were carried out that included unmapped objects 

and agents and communication between agents. 



The first experience of the VFF method in dynamic 

environment was performed between two agents with opposite 

directions. 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(3.3,3.0) (9.0, 3.0) 1.5 1 0 2.7  0.0  

(9.0,2.7) (3.3,2.7) 1.5 1 0 2.7  0.0  
Table 3 - parameters for VFF methods between agents 

 
Figure 20 – VFF method between robots (axis in dm) 

 
Figure 21 - VFF method between robots coordinates along time (s) agent A 

As we can see in Figure 20, the agents start their paths in 

opposite directions slightly misaligned, and when they are 

within the distance of danger field they deviate their 

trajectories in such a way as to avoid the other agent in safety. 

 
Figure 22 - VFF method between robots coordinates along time (s) agent B 

As we can see in Figure 20, Figure 21 and Figure 22 the 

agents deviate from their route to avoid a collision or a tangent 

pass relative to each other. 

It is also of interest to know if the agents have perpendicular 

routes if they have the ability to avoid a collision. 

As we can see in Figure 23, the robot higher up begins the 

movement and begins to divert to the right to escape the forces 

of repulsion, and at the same time the robot coming from the 

left begins to rise. We saw in Figure 24 and Figure 25 that 

although the trajectories cross the robots never collide. 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(2.7,2.1) (9.0, 2.1)  1.5 1 0 2.7  0.0  

(5.5,4.7)  (5.5,3.0)  1.5 1 0 2.7  0.0  
Table 4 - Parameters for VFF method perpendicular trajectories 

 
Figure 23 - VFF method between robots, perpendicular trajectories (axis in 

dm) 

 
Figure 24 - VFF method between robots, perpendicular trajectories 

coordinates along time (s) agent A 

 
Figure 25 - VFF method between robots, perpendicular trajectories 

coordinates along time (s) agent B 

The two previous tests were for the case where agents have 

the ability to communicate with each other, but this is not 

always the case. There may be other unmapped objects or 

agents that do not have the ability to communicate or feel the 

presence of another agent. For this purpose a Kinect sensor 

was mounted in front of the agent to detect. 

The first approximation to this case, we use the classic VFF 

method. As we can verify the agent begins to deviate as 

expected, but by having a narrow angle of vision loses sight of 

the obstacle and returns to its path towards the target by the 

shortest path. This causes you to have the obstacle in view 

again and to start diverting again. This cyclic behavior causes 

the robots to have oscillatory behavior as we can see in Figure 

27 and Figure 28, and that the agent dos not surpass the 

obstacle safely passing by tangent, as we can see in Figure 26 

with respect to Figure 29. 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(3.0,3.0)  (7.0, 3.0)  1.5 1 0 2.7  0.0  



Table 5 - parameters VFF method obstacle avoidance 

 
Figure 26 - VFF method avoid obstacle oscillation (axis in dm) 

 
Figure 27 - VFF method avoid obstacle oscillation (axis in dm) 

To circumvent this situation, the agent saves for a certain 

time the position of the detected obstacle to allow time for the 

VFF method to move the robot away from the collision route, 

as can be seen in Figure 29 and Figure 30 only changing the 

trajectory before the time runs out if it detects a closer 

obstacle. In this case the robot avoids collision with two 

different obstacles. 

 
Figure 28 - VFF method avoid obstacle oscillation coordinates along time (s) 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(3.0,3.0)  (13.0, 3.0)  1.5 1 0 2.7  0.0  
Table 6 - Parameters VFF method avoid obstacle 

 
Figure 29 - VFF method avoid obstacle (axis in dm) 

If the agents encounter other agents but do not have the 

ability to communicate their position they should also be able 

to avoid them safely. In this test two agents (people) appear in 

the field of view of the robot. One to turn in the opposite 

direction starting the move at (120,33) cm with the final goal 

at (30,33) cm and the other to pass ahead on a perpendicular 

route from top to bottom of (95,45) cm to (95,0) cm, which 

correspond to the blue trajectories. As we can see in Figure 31 

the robot feels the presence and changes its trajectory to avoid 

the collision doing the same when it detects the second agent. 

 
Figure 30 - VFF method avoid obstacle coordinates along time (s) 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(3.0,3.0) (13.0, 3.0) 1.5 1 0 2.7  0.0  

(12.0,3.3)  (3.0,3.3)  0 0 0 0 0 

(9.5,4.5) (9.5,0)  0 0 0 0 0 
Table 7 - Parameters VFF method avoid agents 

 
Figure 31 - VFF method avoid agents (axis in dm) 

Finally the last test is that of the agents exchanging 

information with other agents regarding the environment. 

 
Figure 32 - VFF method avoid agents coordinates along time (s) 

The agent that has the trajectory from left to right senses 

and communicates the position to the other agent, at the same 

time it begins to divert. The other agent receives the position 

and also begins to deviate more abruptly as it is closer to the 

target. The first agent returning to the shortest path to his 

target again detects an obstacle and restores his trajectory and 

at the same time communicates again to the other agent, who 

also changes his trajectory again. We can verify such events 

by looking at Figure 34 and Figure 35. 

(𝑥𝑖, 𝑦𝑖) (𝑥𝑓 , 𝑦𝑓) 𝐾𝑟𝑒𝑝 𝐾𝑎𝑡𝑡 𝛼 𝑑𝑚𝑎𝑥 𝑑𝑚𝑖𝑛 

(2.7,2.7)  (8.5, 3.0)  1.5 1 0 2.7 0.0 

(9.2,2.1)  (3.3,2.1) 1.5 1 0 2.7 0.0 



Table 8- Parameters VFF method exchange information about obstacles 

 
Figura 33 - VFF method exchange information about obstacles (axis in dm) 

 
Figure 34 - VFF method exchange information about obstacles coordinates 

along time (s) agent A 

Due to the fact that the agent that detects and communicates 

the obstacle to the "blind" agent, does not have 100% reliable 

communication, since the UDP protocol is subject to 

information loss and because of its vision it is not 360 ° , 

sometimes cannot communicate to the other agents the 

presence of an unmapped obstacle, leading to collisions. 

 
Figure 35 - VFF method exchange information about obstacles coordinates 

along time (s) agent B  

V. CONCLUSION 

We can conclude that this type of algorithm works for 

global path planning but it is a method that requires previous 

knowledge of the world in which the agent will operate in 

order to be able to do the calculations of the center of mass 

centers. 

We also conclude that the angle of vision of Kinect 

conditions the operation of the VFF method with the frontal 

Kinect, since when the agent begins to deviate from the 

obstacle it loses sight of it. 

Also, when agents are aligned and moving in opposite 

directions, they have a more abrupt behavior when they 

deviate. 

The communications between agents, from the position 

itself, worked well, always losing information, but not enough 

to have a collision. 

Obstacle communications detected by the front Kinect 

failed more often due to either Kinect not detecting the 

obstacle or communication failure, with collisions occurring 

frequently. 

As future work it might be advantageous to develop a more 

flexible path planning algorithm using a global planning 

coupled with a local planning algorithm. 

Also work to improve the vision system to have a wider 

viewing angle so as not to lose sight obstacles or even detect 

obstacles or other agents that with the current system would be 

at a blind spot. 

Finally develop a module of environment exploration and 

autonomous mapping, since many applications of multi-agent 

systems are in unknown environments. 
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