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Introduction 

Robots are mainly used in the industry sector by qualified operators in a 

known environment. However, robots will be suitable to be used more 

widely, for performing more complex tasks – even in an unknown 

environment – by the evolution of computer science and artificial 

intelligence. According to robotics trends, it is predicted that mobile robots 

will appear in average households in the following decades. A new 

research topic in this exponentially growing field is path planning in 

human living areas. 

Robots in households should be operated easily and intuitively, and they 

have to fit in the human social environment. Earlier studies developed 

human-robot interaction based on human-to-human communication, but 

robotics is not advanced enough to reach the physical and cognitive 

capabilities of humans. Therefore human-animal interaction can serve as a 

better model for designing service robots. The human-dog relationship is a 

good example for this paradigm as dogs developed social cognitive skills 

during their domestication that helps humans conclude the dog’s intent and 

target. Therefore humans may interpret dog-like motion attributes similarly 

in case of mobile robots. Consequently, the movement of a service robot 

has not only the function of reaching a position, but it is also an element of 

social integration, which has a significant communication meaning. 

Therefore ethorobotics has become an emphatic research area of the path 

planning of autonomous service robots. 
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State of the art 

Several research studies targeted mobile robot path planning, which led to 

such achievements as path planning based on Genetic algorithms [1], 

Neural networks [2], Fuzzy logic [3], Machine Learning [4], and Artificial 

Potential Field (APF) [5]. 

Global path-planning techniques require knowledge about the environment, 

therefore they are often studied by including map building [6]. They are 

guaranteed to find a path if one exists; however, their computational 

complexity limits their use for real-time path planning in unknown, 

dynamic environments. Local algorithms are usually based on a Dynamic 

Window Approach [7] or APF due to simple implementation and low 

processing needs. Both can get input data directly from range sensors 

without the need for processor-consuming map calculations and 

estimations. APF is suitable for underlying real-time control with the lack 

of global information, but it has a problem of local minima [8] which needs 

to be handled by global algorithms at a higher layer. 

All these studies were focused on finding the optimal path from the point 

of view of target distance, obstacle avoidance distance, travelling time, or 

energy. Many research works address the path planning implications of 

human-robot interaction but mainly focus on collision-free paths. This 

research is new in terms of describing mobile robot trajectory planning by 

focusing on human-robot interaction. 
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Methodology 

Natural or animal-like motion attributes are not 

engineering notions, therefore I cooperated with 

ethological scientists.  

Ethorobotics studies are based on the 

observation of human-animal interactionto 

highlight and quantify vitals and create motion 

models. Models are implemented to real robots. 

The observation of human-robot interaction 

serves as feedback for earlier observation, 

model creation and implementation processes, 

as shown in Figure 1. 

My research in ethorobotics focuses on the 

mathematical description and robotics 

implementation of motion attributes. I 

examined the literature of path planning, in 

particular the methods which can also be used 

in an unknown, dynamically changing 

environment. I worked out the mathematical 

description of motion attributes described by 

ethological studies. I implemented simulations 

according to different parameters and dynamic 

scenarios. Figure 2 shows the holonomic 

mobile robot which was used for 

experimentation for my research and for many 

other ethorobotics studies. The real robotics 

evaluation confirmed simulation results.  Figure 2. Experimental 

holonomic mobile robot 

Figure 1. Motion 

research methology of 

ethorobotics 
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Overview and summary of the dissertation 

APF is based on the idea that the target attracts the robot, while the 

obstacles generate repulsive force fields in order to avoid collision. The 

sum of the attractive and repulsive forces control the robot according to 

Newton’s Second Law. I described potential functions and an application 

method that is applicable in unknown, dynamically changing environments 

while adapting animal-like motion attributes. 

Thesis 1 

Animal-like motion attributes can be described mathematically using 

artificial potential field based motion planning by applying a repulsive 

potential function according to Equation (1). 
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where �� is the distance between the robot and the obstacle; 	
 and 	��
 denote the robot and obstacle velocity vector, respectively; �� 

defines the rate of obstacle approximation; �� characterizes the action 

radius and gradient of the function; � #,�   are non-negative 

constants; and the maximum acceleration of the robot is #-#�. 

Related publications: [P1,P3,P5,P13-P15] 
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Background explanation 

Equation (1) parametrically defines animal-

like motion attributes such as the 

approximation of obstacles and the velocity 

along the path depending on the position of 

the robot and the target. A local, online path 

planning method is suggested, which 

describes animal-like motion attributes and 

can be used in an unknown, dynamically 

changing environment. Contrary to 

conventional potential functions, our 

proposed repulsive potential function is not 

monotonic. This means that an obstacle can 

attract the robot depending on the distance 

and parameter range, therefore the function 

can describe the object proximity seeking 

motion characteristics of small mammals as 

illustrated in Figure 3. 

The artificial force vector function can be described by deriving the 

potential function of Equation (1) for distance: 

./01234, 56 , 5789: = −∇=/01234, 56 , 5789: = 

=
���
�� −>(34 − ?@A(34 − ?BACD76 + E !FG"FHIJ!

KLMN nP76                                                                           , QR 34 ≤ ?B
E !FG"FHIJ!

KLMN nP76,                                           , QR 34 > ?B
 (2) 

where D76 is the unit vector pointing from an obstacle to the robot center 

and DP76 denotes the unit vector pointing in the direction of the relative 

velocity of the obstacle with respect to the robot. 

  

Figure 3. Object proximity 

seeking motion 

characteristics, specific to 

small mammals 

Start

TargetObstacle

Motion 

path
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Practical application 

Figure 4 shows the simulation results of the proposed algorithm for 

describing a path similar to Figure 3. Simulation calculations are based on 

Equation (1) with the following 

parameters: > = 15,   E =0.5,   ?@ =  0.9 X, ?B = 1.9 X,   5YKZ = 1.5  X/\, ]YKZ = 3 X \C⁄ , X = 20 ab. 

Simulation was also verified by 

real robotics evaluation using 

the robot shown on Figure 2. 

This simulation scenario does 

not contain local minimums, but 

for more general usability, 

robotics implementation 

includes an overlaying BUG 

algorithm based method, which 

detects trap situations and steers 

the robot out of the local 

minimum. 

  

Figure 4. Simulation of object 

proximity seeking motion 

characteristics, specific to small 

mammals 
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Thesis 2 

Path planning algorithm with social adaptability (differentiating 

between animate, inanimate, known and unknown obstacles) is feasible 

according to Figure 5. 

APF repulsive 
force 

calculation

Obstacle 
recognition

APF attractive 
force 

calculation

Reference 
velocity 

calculation

Kinematic & 
dynamic limits

APF function 
parameters 

determination

Robot 
velocity 
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Social 
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information

 

Related publications: [P1,P2,P6-P8,P16] 

Background explanation 

According to ethological studies, dogs approximate differently their owner, 

a known person, an unknown person, and inanimate obstacles, which 

behaviour has also a communication meaning. In case of artificial potential 

field based path planning, social adaptability can be realized by applying 

different virtual repulsive potential functions to obstacles depending on 

their social role. This means that two similar sized obstacles with different 

social significance will generate different virtual forces. According to 

Figure 5, the force vector field calculation is influenced not only by 

distance sensor information, but also by social rules defining the different 

velocity required and distance of approximation near different obstacles. 

Figure 5. Realization of social adaptability by artificial potential field 

based path planning methods 
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This way of realization allows path planning in a dynamically changing 

environment, so as to approximate obstacles differently based on their 

social role. 

Practical application 

Figure 6 shows an APF force vector field and path simulation including 

social adaptation. The robot travels from one corner to the opposite corner 

of a ten meter by ten meter area. The two similar sized obstacles have 

different social roles (eg. unknown and known person), and they are 

located symmetrically. 

The effect of the 

different social roles 

can be achieved by 

different potential 

functions. Equation 

(2) was used to 

calculate force vector 

fields with the 

following parameters: 

> = 3, E = 0.5, 5YKZ = 1.5 Yc , 

]YKZ = 3 X \C⁄ ,  

?@(defgA = 1.78 X,  

?@(6jklgA = 3.3 X,  

?B = 2 X , X = 20 ab. 

  

Figure 6. Artificial force vector field and path of 

APF method based path planning simulation in 

case of different potential functions per 

obstacles 
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Thesis 3 

Animal-like orientation along a path, which differs from the direction 

of movement, can be adapted to the path planning of holonomic mobile 

robots using the artificial potential field method based orientation 

potential function as per Equation (3). 

�#,m( n	, n��o, npA = q �# n	 n��o + o np n��o − n��o�
� � (3) 

where n	 denotes the direction of robot velocity vector, n��o is the 

orientation of the robot with respect to the positive x-axis, np defines 

the direction of the vector pointing from the robot actual position to 

the robot working envelope at the target position, q is a positive 

constant, # and  o are non-negative constants. 

Related publications: [P1,P4,P9-P12] 

Background explanation 

The movement of animals is holonomic, therefore they are capable to move 

aside, in a different direction from their orientation. According to 

ethological studies, orientation and moving direction differences often 

indicate the target position or the intention of the animal. Similar motion 

attributes may make the movements of mobile robots more predictable to 

humans. Orientation along the path can be described by orientation 

potential function as per Equation (3). The artificial torque vector function 

can be calculated by taking the derivative of Equation (3): 

r( sF , s/4t , sgA = −∇=Kuv( sF , s/4t , sgA = 

 = wxyz{( |},|~��,|�A
w|~�� D� = �(] sF + � sg − s/4tAD� (4) 

where D� is the unit vector of rotation, which is perpendicular to the x-y 

plane, pointing outside. In case of the proposed method, the orientation of 

the robot is not only a function of velocity direction, but also a function of 

target direction, similarly to animal motion. 
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Practical application 

Figure 7 shows a simulation arrangement where the robot departs from the 

starting position, goes around an obstacle and stops in a position in front of 

its target. In case (a) the orientation of the robot corresponds to the 

direction of velocity, while in case (b), orientation is a function of velocity 

direction and also a function of target position according to Equation (3). 

The simulation of Figure 7 (b) was calculated by Equation (3) using the 

following parameters: � = 100, � = 1.2, � = 4, > = 15, E = 0.5, ?@ =1.4 X, ?B = 2 X  5YKZ = 1.5 X \⁄ , ]YKZ = 3 X \C⁄ , X = 20 ab, � = 1, ] = 0.02, � = 0.98. 

  

(a)     (b) 

Figure 7. Simulation of holonomic mobile robot path planning  

(a) Orientation corresponds to the direction of velocity 

(b) Orientation is a function of velocity direction and also a function of 

target position 
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