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THE USE OF THE STEERING BEHAVIOURS METHOD IN ROBOT
MOTION CONTROL

Potential applications for autonomous navigation of mobile robots include automatic driving, guiding the
blind and disabled, exploring dangerous regions, transporting objects in factories or offices, collecting geographic
information in unknown territories, such as unmanned exploration of a new planetary surface, etc.

Navigation strategies of mobile robots can be broadly divided into two categories: global trajectory
planning and reactive navigation. In the first approach, a collision-free trajectory is designed to guide
the robot to a given target through a known environment. But, the real world environment is subject to
change over time. Thus, it is expected that an autonomous robot may encounter uncertain environmental
situations, and reactive navigation capabilities are required. Especially during the initial exploration
of an unknown environment to create a preliminary map of the environment, which can later be used to
optimize the path. An autonomous robot must react to the surrounding situation in its immediate vicinity
in such a way as to achieve the goal without colliding with obstacles.

This article discusses the application of the Steering Behaviours method in simulating natural robot
movement. In modern computer graphics and animation, the concept of Steering Behaviours refers to a
set of algorithms and methods used to create controlled behaviour for virtual objects. These algorithms
allow for modelling various types of behaviour, such as flocking, obstacle avoidance, object following,
and more. These behaviours allow virtual objects to exhibit intelligent and realistic movement in virtual
environments.

In an attempt to simulate the process of avoiding obstacles when moving, a combination of basic
reflex actions and higher-level logical decisions is implemented. It is shown that for reflexive navigation
of autonomous mobile robots, the ability to reflexively avoid obstacles on only one side (left or right)
is sufficient to avoid obstacles on both sides. The use of such a behavior model provides the basis for a
compact representation of reflex behavior.

The goal is to first explore all the individual behaviors, moving from the truly simple to the more
complex, and eventually combine and apply them to control robot motion.
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Introduction. The main idea behind Steering Behaviours is to create controllable objects
that can react to their environment as well as user actions. This is achieved by applying a
set of algorithms based on principles of physics and mathematics that allow for modelling
various types of behaviour.

One of the earliest and most well-known approaches to Steering Behaviours was
proposed by Craig Reynolds in his paper “Steering Behaviours for Autonomous Characters”
[1] in 1999. In this work, Reynolds introduced a set of simple algorithms that can be used
to create controllable behaviours, such as following, flocking, evading, and more. Reynolds
also suggested modelling the behaviour of virtual objects based on the principles observed
in animal behaviour, such as birds and fish.
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Indeed, Steering Behaviours have found wide application in various fields, including
computer games, virtual reality, robotics, and animation. They have also become an
important component in research on animal and bird behaviour.

Methods. Within steering behaviours, several main types of control behaviors are
distinguished, each corresponding to a specific task:

Seek behaviour: the agent moves towards a target located at a certain distance from it.

The Flee behaviour involves an agent moving away from a threat that is at a certain
distance from it.

The formula for calculating the direction of movement is the same for the Flee behaviour
as it is for the Seek behaviour, but with the inverse sign for the steering vector:

— the Collision Avoidance behaviour involves an agent avoiding collisions with other
objects that are in its path.

— the Wander behaviour involves an agent moving in a random direction within a
specified area. The formula for calculating the steering in this case also depends on the
specific implementation.

— the Pursuit behaviour involves an agent moving towards a target that is also moving
at a known speed.

In addition, within the framework of steering behaviours, additional rules are also used,
such as speed and acceleration limits, direction control, and so on. These rules allow for
obtaining more realistic and smooth movement of agents.

Since then, numerous other approaches to Steering Behaviours have been developed,
including more complex algorithms based on artificial neural networks and genetic
algorithms. Some of these approaches are presented in the works of K.V. Reddy’s “Steering
Behaviours for Autonomous Navigation” [2] and L.K. Erman’s “Autonomous Steering
Behaviours for Interactive Virtual Creatures™ [3].

For instance, in one study published in the journal “Nature” [4], researchers utilized
steering behaviours to study the behaviour of bird flocks. The study demonstrated that the
behaviour of bird flocks can be explained by just a few simple rules, such as alignment and
separation. By employing these rules in modelling using steering behaviours, the researchers
were able to successfully replicate the behaviour of bird flocks in a realistic simulation.

In another study [5], published in the journal “Animal Behaviour,” researchers utilized
steering behaviours to study the migratory behaviour of sea turtles. By using various aspects
of steering behaviours, such as target following and obstacle avoidance, the researchers
created models of the migratory behaviour of sea turtles, which were successfully tested in
the real world.

Indeed, Steering Behaviours are also used in studies of fish behaviour. In one study [6],
published in the “Journal of Fish Biology,” researchers employed steering behaviours to
investigate the behaviour of fish in complex environments such as reefs and seagrass beds.
By using these models, researchers can examine how changes in the environment impact
fish behaviour and how they can adapt to new conditions.

Results. Pursuit Rule-based Imitation (PRBI) is a method in machine vision and
robotics [7] that utilizes the principles of pursuit rule to create autonomous agents capable
of imitating human movements and actions. It represents a comprehensive approach to
modelling human behaviour and controlling robots in various scenarios.
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The idea behind PRBI is that the movement of an object pursuing another object can be
represented as a combination of the velocity vectors of the pursuer and the target object. The
angle between these vectors determines the direction of the pursuer’s movement.

The main idea of the method is that the movement of the pursuer can be represented as a
combination of the velocity vectors of the pursuer and the pursued object. Thus, the velocity
vector of the pursuer changes according to the velocity vector of the pursued object. The
angle between the velocity vectors determines the direction of the pursuer’s movement.

The formula for calculating the velocity vector of the pursuer in PRBI is as follows:

Vp = Vimax (Vt | |Vt + k(Pt —Pp) / ||Pt - Ppl)) (1)

where Vp — the velocity vector of the pursuer,
Vmax — maximum speed of the pursuer,
V't — the velocity vector of the pursued object,
|[Vt|| — the magnitude of the velocity vector of the pursued object,
k — proportionality coefficient for controlling the scale of the pursuer’s speed.
Pt — the position of the pursued object.
Pp — position of the pursuer.

This method is widely used in computer graphics and robotics, including obstacle
avoidance and object tracking tasks. PRBI is also applied in scientific research studying the
behaviour of animals, such as insects and fish, in their natural environment.

To create autonomous agents capable of replicating human movements, PRBI utilizes
data from known human movements recorded in videos to train a motion model and control
robots in real-time. During the training process, the model aims to minimize the difference
between its own movement and the human movement represented in the video.

PRBI can be applied in various fields such as robotics, gaming industry, medicine, and
technical design. For example, in robotics, PRBI can be used to create autonomous robots
capable of replicating human movements and actions. In medicine, it can be used to develop
systems that facilitate the rehabilitation of patients after a stroke. In the gaming industry,
PRBI can be used to create realistic characters and scenes.

One of the main aspects of Steering behaviour is simulating obstacle avoidance. This
is achieved using the “Avoidance” rule, which involves changing the object’s direction of
movement if it is too close to another object to avoid collision. To determine this, the vector
from the object to the obstacle is calculated, and then the object’s current direction of movement
is rotated by a certain angle relative to this vector. The angle depends on the distance to the
obstacle and is set using a function that provides a smooth transition from obstacle avoidance
to straight-line movement when the object is far enough from the obstacle.

Formula for calculating the new direction of movement for an object based on the
distance to the obstacle can be written as follows:

NeW jiveciion = direction + avoidance,,,., * avoidance_vector 2)

where direction — the current direction of movement of an object
avoidance_strength — the coefficient that determines the magnitude of the avoidance angle
avoidance_vector —the vector that points from the object to the obstacle.
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One example of applying the Steering behaviour method using the avoidance rule is
a robot capable of moving around a room and avoiding obstacles in its path. In this case,
the avoidance rule allows the robot to avoid collisions with other objects and move safely
around the room [9].

The Steering behaviour method with the avoidance rule is an effective way to simulate
natural behaviour of objects in a system, allowing them to avoid collisions with other objects
and move safely in their environment. This method has found wide application in various
fields, including robotics, computer games, and virtual reality.

The Steering behaviours method with the dispersion rule is one example of simulating
natural behaviour in robotics and computer animation. It is used to describe the movement
of objects that strive to evenly distribute themselves in space.

The main idea of the method is to create a dispersion effect of objects within a given
area where they should be located. To achieve this, each object determines a direction vector
pointing towards the central point of the area. Then, each object adds a random vector to
its current velocity vector, which is directed in a random direction [10]. As a result, objects
start moving in random directions, leading to a more uniform distribution of objects within
the designated area.

Mathematically, the dispersion rule can be represented as follows:

steer = randomVector() * weight 3)

where randomVector() — random vector,
weight — weight of a random vector.

An example of the application of the dispersion rule in robotics is a system used for
robot distribution on a production line. In this case, the robots need to be evenly distributed
along the line to avoid collisions and ensure efficient operation. To achieve this, each robot
uses the dispersion rule to distribute its position along the line.

Additionally, the dispersion rule can be used to create realistic effects in computer
animation, such as simulating the distribution of celestial objects in a galaxy.

Thus, the Steering Behaviours method with the dispersion rule is an effective tool for
creating realistic and controllable movements of objects in various fields, including robotics
and computer animation.

The Accumulative Imitation Rule (AIR) method is an algorithm used for solving
optimization problems, based on the principle of evolutionary imitation in nature. In this
method, each potential decision-maker (individual) has its own genome, which represents a
set of parameters that can be tuned.

The idea of the method [11] is to create a population of decision-makers, each of which
is randomly tuned based on a genetic algorithm, and then evaluate the effectiveness of
everyone in solving the optimization problem. Then, the best decision-makers are selected
to create a new population of decision-makers.

The accumulation rule involves each new individual inheriting genetic characteristics
from the best decision-makers of the previous population, and these characteristics are
added to its genome. This allows for the preservation of the best genetic traits and leads to
a gradual improvement of the population of decision-makers.
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When using the AIR method in robotics, the best decision-makers can be selected
based on the effectiveness of their behavior during task execution, such as robot movement
towards a target point. Then, these best decision-makers can be used to create new decision-
makers whose genome will contain both the best characteristics of the best decision-makers
from the previous population and randomly generated parameters.

An example of applying the formulas of the AIR method in robotics could be as follows:
let’s say a robot needs to learn how to deliver pizza to offices in different parts of the city.
To achieve this, we can use the AIR method to train the robot to perform new tasks based
on the genetic characteristics of the best decision-makers from the previous population. For
example, at each iteration of the algorithm, we can select several best decision-makers from
the previous population who can efficiently deliver pizza to different parts of the city and
use their genetic characteristics to create a new robot.

Thus, the new robot will have the best genetic characteristics that will allow it to
efficiently deliver pizza to offices in different parts of the city, even if it has not been
specifically trained for this task.

The formula of the AIR method can be used to calculate the genetic characteristics
of the new robot:

xi' = xi+8* I {=1kwj(xj — xi) “4)

where x_i — genetic characteristics of robot i in the previous population,

x_i' — the genetic characteristics of the new robot i in the current population,

6 — The coefficient that determines how strongly the new robot will depend on the
genetic characteristics of the best performers.

W_j —The weight coefficient that determines how strongly the genetic characteristics

of solver j affect the genetic characteristics of the new robot i.

The imitation method based on the clustering rule can help robots achieve optimal
performance in task execution by efficiently tuning their control parameters.

The Imitation based on Divide and Conquer Rule method is a method [12] used for
training robots to perform tasks that can be divided into smaller subtasks. This method is
based on the principle of dividing the learning task into several simpler ones, performing
each of them separately, and then combining the results to obtain the complete solution.

Mathematical formulas of the imitation method based on the divide and conquer rule
can be described as follows:

Let T denote the training dataset, and let X and Y be the sets of input and output variables,
respectively.

By dividing the training dataset T into several subsets T1, T2, ..., Tn, such that each
subset Tj contains only those examples that have the same values for certain input variables
Xj.

For each subset Tj, train a model Mj that takes input variables Xj and returns the
corresponding values of output variables Y]j.

By combining the models M1, M2, ..., Mn, we obtain the final model M, which takes
input variables X and returns the corresponding values of output variables Y.
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The imitation method based on the division rule in robotics can be used for:

— for industrial assembly tasks, a robot can be trained to perform individual steps of the
process, such as picking up and moving parts, and then combine the results to achieve the
complete assembly task.

— for automatic navigation tasks, a robot can be trained for various subtasks, such as path
planning, obstacle avoidance, and target search, and then combine the results to achieve the
navigation goal.

Conclusions. In conclusion, it can be noted that Steering Behaviours are a powerful tool
for creating controlled behaviours in a virtual world. This method can be used to model the
movements of real robots.

However, even though Steering Behaviours are a simple set of algorithms, their
application can be challenging, especially when dealing with many objects or when using
more complex algorithms. Therefore, developers should carefully choose and configure
Steering Behaviours algorithms for specific tasks.
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POBOTTAPIBIH KO3FAJBICHIH BACKAPYJIA STEERING
BEHAVIORS DJICIH KOJIJAHY

Mobunvoi pobommapoviyy A8MOHOMObL HABUSAYUACHIHBIY KOAOAHY OONbICHLIHA ABMOMAMMbl
Jcyp2izy, 3agunmap mMen myzedexmepee JIcon Kopcemy, Kayinmi aiumakmapovl 3epmmey, 3aybli-
mapoa Hemece Keyceiepoe o0b6vekminepdi macelmanoay, 6enciciz aymakmapoa 2eocpapusiblk
aKnapammul HCUHAY, MbICAIbL, JICANHA NIAHEMANbIK Oemmi YUKbIULCbL3 3epmme) Jdcane m.o. Jcamybsl
MYMKIH.

Mobunvoi pobommapoviy Ha8UeAYUATLIK CIMPAMESUALAPbIH eKi canamya 66yee 601a0bl. HCahAHObIK
MPAEKMOPUANDBL JICOCRAPAAY JACIHE Peakmusmi nasueayus. Bipinwi macinde cOKmvl2biccbl3 MpaeKmopus.
pobommul Genzini opma apkwlivl bepineen Hvicanaga bagvimmayza apuanear. bipax, wvinaiivl Kopuwazan
opma yaxvim ome o32epedi. Ocvliatiuid, agmoHoMObl poOOm KOpulazan opmarnuly 6en2icis JHcagdaiapbina
Kesoecyi mymkin. Ocol cebenmi peakmuemi Hagueayusi MyMKinOikmepi Kasicem. Ocipece beneiciz opmanbvi
bacmanxvl bapnay Kezinde KOpulagan opmanvly an0blH aia Kapmacwll Jdeacay Yulii, KeuiHipex icondbl
OHMAUNAHOBIPY YIMIH NANOANAHY2A 601a0bL. ABMOHOMObI POOOM 63IHIH HCAKLIH MAHLIHOASLL Kedepeliepee
COKMBIZLICNALL MAKCAMKA JIcemyi muic.

Maxkanaoa pobommapoviy mabuzu K032anvlcoll umumayusiayoa Steering Behaviors 20icin konoamy
Macenenepi Kapacmulpwliaosl. Kaszipei komnviomepinik epaguka men anumayusoa Steering Behaviors
(«backapy mine3-KyaKbl») Y2blMbl 8UpNYandvl 00bekminepoin apekemin 6ackapyoa Kol0aHbLIAmbIH an20-
pummoep MeH a0icmep HCublHmuleblH 0indipedi. byn areopummoep apmypini Mine3-KyablKmapobl MOOe/b-
deyee MyMKIHOIK Oepedi, Mblcalbl, MONmMazsl KO3&Aabic, KedepeliepoeH scarmapy, backa oovekminepoi
yemany dcone m.6. Koszanvic kesinde kedepeinepoi 6010bipMay Npoyecin uUMUumayusiay apekeminoe
Hezisei pehieKmopivlK apekemmep MeH HCo2apbl 0eHeelesi 10UKANbIK UeiMOepoiy, KOMOUHAYUACH
Jicy3eee aculpbliaobl. ABmMoHoMObL MOOUTLOL pOOOMMAPObIH PeLeKCUSMI HABULAYUSCHL YULIH POOOMMbLY
KeoepeiHi Oip (con nemece OH) dHcagvlHAH pedrekcudmi aunanbln 6myi Ke0epeiti eKi HcabIHaAH auHALbIN
omyi sicemkinikmi exeni kepceminedi. Mynoail Mine3-KyavlK MOOeNiH NAUOALany pe@ieKmopivik MiHes-
KYIIbIKMbL WARLIH Mypoe YCbIHY2dA Hezl3 601a0bl.

3epmmey maxcamvi — andviven KapanaubiMHaH Kypoenice Kapail JHCbLINICLIN, OApiblK Mine3-
KYIbIKMapobl dceKe 0apa 3epmme) #CaHe COHbIHOA 01apobl poOOM KO32AIbICbIH OACKAPY YWMIH OIpikmipy
Jicane KONOamy.

Tyitin ce30ep: pobom Kozeanwicwl, pobommyl backapy, steering behaviors a0ici, unmennexkmyanovi
backapy
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HUCITIOJIB30BAHUSA METOJA STEERING BEHAVIORS B YIIPABJIEHUU
ABU/KEHUAMU POBOTOB

Tomenyuanvuvle obracmu npumeHeHus. AgMOHOMHOU HABULAYUU MOOUTLHBIX POOOMOG BKIIOUAION
asmomamuueckoe 8odicoenue, OPUCHMUPOBAHUE CIIENbIX U UHBAUO08, UCCTe008aHUe ONACHBIX PeSUOHO8,
MPAHCIOPMUPOBKY 00beKmo8 Ha (habpukax unu 6 oghucax, coop eeoepaguueckoli uHGopmayuu Ha Heus-
BECMHBIX MEPPUMOPUSAX, HANPUMED, DECRUTOMHOEe UCCIe008aHUe HOBOU NOBEPXHOCIU NIAHEmbl U M.O.

Hasueayuonnvie cmpamezuu MOOUTLHBIX POOOMOE MOJNCHO 8 OOWUX YepmaxX pasoenums Ha 08e Ka-
mezopuu: 2100a1bHOe NIAHUPOBAHUE MPAEKMOPUU U PeaKmueHas Hasuzayus. B nepeom nooxooe mpaex-
mopust 6e3 CMOIKHOGeHUTl NPEeOHA3HAYEHA 0151 HANPABIeHUs. pOOOMA K 3A0AHHOU Yelu Yepe3 U38eCTHYIO
cpedy. Ho cpeda peanvroeo mupa noogepoicena usmMeHeHuam ¢ medeHuem gpemenu. Takum o6pazom, odxcu-
oaemcst, umo agmMoOHOMHbII POOOM MOAICEN CMOIKHYMbCA ¢ HeONPEOETeHHIMU CUNYAYUSMU OKPYIHCATO-
wetl cpeovl, U BO3MONCHOCU PeakmusHol Hagueayuu Heoodxooumsl. OcobeHHo 60 6pems nepeoHaAudNb-
HO20 UCCLED08AHUSL HEUZBECMHOU CPedbl OJisl CO30AHUSL NPEOSAPUMENbHOU KAPMbl OKPYJHCaroujel cpeovl,
KOMOopas 6nocieocmeul Modicem Obims UCNONb308AHA 0N ONMUMUAYUU NYMU. ABMOHOMHbIN podOmM
00/12ICeH Peazuposams Ha OKPYICAIOWYIO CUMYAYUIO 8 HeNOCPEOCEEHHOU OIUZ0CHIU OM He20 MAKUM 00-
pasom, umobsl docmuub yenu Oe3 CIMoaKHOGeHUs ¢ NPENAMCNBUAMU.

B cmamuve paccmampusaromes sonpocwl npumenenus memooa Steering Behaviors 6 umumayuu ecme-
CMBEHH020 08UdICeHUs pOOOMOS. B cogpemennoil komnvlomepHoll epaguxe u anumayuu nowamue Steering
Behaviors («nosedenue ynpagienus») omuocumes Kk Habopy aneopummos u Memooos, UCHOIb3YeMbIX O
€O30anusl ynpasgnaemo2o noeoeHuss GUPMyaibHuIx 00bekmog. Imu aneopummul no380aAI0M MOOeIUpo-
6ambv paziuuHvie 6U0bl N0GEOEHUs, MaKue KaKk 08udCeHe 6 cmae, YKIOHeHUue om Npensmcmesull, ciedo-
sanue 3a opysumu obvekmamu u m.0. B nonvimke umumuposamv npoyecc 006xo0a npenamcmeul npu
nepeosudicenuUl, peanu3oeana KomMouHayus 0A308bIX peprekmopublx 0eucmseull U 102UYeCKUX peweHull
bonee gvicokozo ypoens. Ilokazano, ymo 015 peghnekcusnoul Hagueayuu a6MOHOMHBIX MOOUTbHBIX POOO-
moe cnocobHOCmU peqhiekCusHo uzbezams NPensimCcmeaull MoibKo ¢ 0OHOU CIMOPOHbL (Cle6a Ul Cnpasa)
docmamouro 015t 06x00a npensmcmeutl ¢ 0beux cmopot. Mcnonvzosanie maxkotl Mooenu nogederus ooe-
cneyugaen 0CHO8Y 05l KOMNAKMHO20 NPeOCMAasNeHus pephieKmopHo20 NOGeOeH s

Lenv cocmoum 6 mom, umoodbl CHAYANA UCCIE008ATNb BCE OMOETbHblE MOOENU NOGEOCHUsl, NePexo0s
om OelicmeumenbHo RPOCmulx K 601ee CIONCHbIM, U 6 KOHEUHOM Umo2e 00beOUHUNb U NPUMEHUMb UX @
VAPABLEHUU OBUNCEHUAMU POOOMOS.

Knrwoueswie cnosa: osudicenue poboma, ynpagienue pobomom, memoo steering behaviours, unmen-
JIeKmyanvHoe ynpasienue.



