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Simulation Modeling of Mobile Robotic Complexes Tool Analysis According
to Physical Laws (a Review)

Abstract

This article is about the technologies of simulation modeling of mobile robotic complexes. The basic demands for a simulation environment
are defined such as realistic results, open-source code, extensibility, performance of system, possibility of usage of low-level code for
simulation. Moreover, the most significant characteristics for physics engines are described in the article, specifically solid-state physics,
torque setup, stability of "axle" connection, stability of the simulated many-body system. The frequently used physics engines such as PhysX,
ODE, MuJoCo, Bullet, Havok are analyzed and the search of modeling services is made in order to make the comparative table. The
platform Unity is in focus of this work to show its abilities in modeling of mechanical and electronic parts of mobile robots. The aim of this
work is minimizing mobile robots development outgoings. Programming product is given as result of simulation modeling of robotic complexes.
The Unity platform is used as the engine for development of simulation tools for mechanical and electronic parts of robotic complex. The set
of tools based on Unity engine is developed in order to create virtual models of mobile robots. The architecture of the project was developed
in order to determine aspects of creating mobile robots in a simulation modeling environment. The logic of scripts for modeling the solid-state
physics, kinematic chains and joints with different degrees of freedom is presented as a result of developing architecture of the project. The
package was tested, a model of a mobile four-wheeled robotic platform was built as a result of the test.
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AHanu3 MHCTPYMEHTOB UMUTALMOHHOIro MoAeNMPOBaHUA MOOUIbHbIX
poboToTexHu4yeckux nnatgopm ¢ yuetom ou3anyeckmx 3akoHoB (0630p)

Paccmompenvt mexnonoeuu umumayuoHH020 MOOCAUPOBAHUS MOOUNBHBIX POOOMOMeEXHUUeCKUX Komniekcos. Onpedenenbl oc-
HO6Hble Mpebo8anus K cpede MOOCAUPOBAHUA, MAKUE KAK: DPeaiuCMUMHOCMb Pe3yibmamos, OMKpbimblil UCXOO0HbL KOO, pacuiu-
PAEMOCMb, NPOU3B00UMENbHOCHb CUCEMbl, 803MONCHOCMb UCHOAb308AMb KOO HU3K020 YPOGHS 04 cumyasuuu. Boiseienvr nau-
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Ooaee 3HauUMble 045 MOOEAUPOBAHUS XAPAKMEPUCMUKY (PU3UMeCKUX 08UNCK08, A UMEHHO: Y4em (u3u4ecKux c8oucme meepobix
mesa, 603MOMNCHOCMb HACMPOUKU KPYymAue2o MOMeHma, cmabuibHocms coedunerull muna "ocv”, cmaduabHocms mModeaupyemou
cucmemwl mHoeux mea. Ilpoanaruzupoeans: cospemernble pusuneckue deuxcku, maxue kax: PhysX, ODE, MuJoCo, Bullet, Havok.
Boinoanen nouck cpedcme mooeauposanus u cocmaeneHa cpagnumenvias mabauya. Hecaedosana 603MONCHOCHb UCHONb308AHUS
naamgopmur Unity 0asa paspabomku cpedcme MoOeAUpOSAHUS MEXAHUMECKUX U INeKMPOHHbIX KOMNOHEHMO8 MOOUAbHBIX POOOMOS.
Ilocmaeéaena yeav MuHUMU3UPOBAMb U30EPIHCKU HA Ppa3padbomky mobusvhoeo poboma. Ilocmaeaena 3adaua coz0ams npoepammHblLil
npooyKm 04 UMUMAUUOHHO20 MOOCAUPOBAHUS MOOUABHBIX POOOMOMeXHUYeCKUX KoMniekcos. [Ipedaoxceno ucnoav3oeames naam-
@opmy Unity das paspabomku cpedcme umumayuy MEXAHUYECKUX U INeKMPOHHbIX KOMHOHEHMO8 POOOMOMeXHUYEeCKOU CUCmeMb.
Paspaboman nabop uncmpymenmos 045 c030aHUs BUPMYANbHBIX Modeneli MOOUAbHbIX poOomoé ¢ uchoavzoearuem Unity. Cocmag-
AeHa cXeMa apxXumeKmypbl NOAYHEeHHO20 NPOePAMMHO20 hakema. [Ipogedensl ucnoimanus nakema, ROCmMpoeHa modenb MOOUAbHOU
uemblpexKoaecHoi pobomomexuuteckou naam@opmol. IIpedcmasnaenvt aieopummol pabomol CKpUNmMo8 045 MO0eAUpPO8AHUs Pu3u-
KU meepobix mea, KUHEMAMUYeCKUX yenell U Mexanu4eckux coeOuHeHUl ¢ pa3autHbIM YUCAOM cmeneteli c60000bl.

Karoueevie caosa: umumayuonnoe Mo0eauposanue, KOMHbIOMeEPHOe MOOeAUposanue, MoOUAbHbIe POOOMbL, QU3UYECKU

dsuscox, Unity

Introduction

The number of mobile robots in the world is
rapidly increasing. The number of mobile robots
sold will increase by 31 % annually from 2020 to
2023 according to IFR (International Federation of
Robotics) predictions [1]. With the increase in the
number of mobile robots, there is a need for means
of testing new solutions, modeling the behavior of
the prototype, checking performance and evaluat-
ing the most important parameters such as maneu-
verability and the ability to overcome obstacles [2].
Approbation is a resource-intensive process because
of the wear of the mechanical parts of the robot,
possibility of failure of electronic components and
the need to purchase consumables.

Computer calculations are carried out during the
development of 3D models of the housing, prototyp-
ing of electronic circuits, mathematical modeling of
individual links of the robotic system (RTK) [3, 4],
as well as the creation and testing of algorithms for
the software [3, 6].

Simulation modeling combines all these aspects.
Simulation modeling is the process of creating a
virtual model, when using which the system under
study is replaced by a simplified version of the ob-
ject. A simulation model is a computer program that
accurately describes the structure of the system.
The simulation model is capable of reproducing the
behavior of the system in real time [7].

Defining requirements for the simulation
environment

The process of modeling mobile robots is labor-
intensive as a result of the complexity of the ori-
entation of the robot in area, navigation and over-
coming obstacles. The main problems in developing
simulation environments are:

1. Calculation stability [8]. Many physics engines
are used in computer games for animations where
accurate results are not the primary concern so ac-
curacy is neglected in favor of performance. The
PhysX physics engine shows good results in calcu-
lating collisions but optimization "send to sleep” the
object;

2. Ability to use as a predictive engine in real
control systems, which requires a high speed of cal-
culations from the engine;

3. Rigid body physics and soft body physics. In-
accurate calculations lead to incorrect results;

4. Ability to simulate various types of sensors as
well as adding and customizing your own [9].

The most important factors when choosing a
modeling tool are:

e realism of results, closeness of simulation to re-
ality;

e open-source code;

« the ability to use the same code for both simula-
tion and robot control;

¢ extensibility of projects

e possibility of modification and development of
own simulation modules;

e performance of the system [10].

Analysis and choice of physics engine

Factors affecting the realism of the simulation of
the movement of a mobile robot are:

1. Rigid body physics.

2. Stability of "axis" type joint.

3. Possibility to adjust the torque.

4. Stability of the multibody simulated sys-
tem [11].

The most advanced physics engines are: ODE,
MulJoCo, PhysX, Havok, Bullet [12—15]. Most ro-
botic simulators use these engines (Table 1).
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General characteristics of modeling environments

Table 1

Development Developer License Graphics engine Physics engine 3D modeller Supported OS
platform
Gazebo Open-Source Robotics | Apache 2.0 OGRE ODE, Bullet, Internal Linux, MacOS X,
Foundation (OSRF) Simbody, DART Windows
MORSE Academic community BSD Blender Bullet Blender Linux, BSD,
game engine MacOS X
V-Rep Coppelia Robotics Proprietary/ Internal ODE/Bullet/ Internal Linux, MacOS X,
GNU GPL Vortex Windows
Webots Cyberbotics Proprietary OGRE Custom version Internal Linux, MacOS X,
of ODE Windows
OpenRave JSK Robotics Lab GNU Internal Any, connected None Linux, Microsoft
as plugin Windows, Mac OS X
USARSim National Science GNU Unreal Engine2 Karma Internal Linux, Windows
Foundation
Unity Unity Technologies Proprietary Direct 3D, PhysX Internal Windows, OS X
OpenGL
MulJoCo Emo Todorov Free license OpenGL MulJoCo Internal Windows,
Linux and OSX
Table 2
Technical parameters of modeling environments
Development Main Supported Supported Robotic Use
P programming SUpp Extensibility API PP
platform | file formats platforms Interface
anguage
Gazebo C++ SDF/URDF Plugins (C++) C++ ROS, Player, GUI
Sockets
MORSE Python Unknown Python Python Sockets, YARP, ROS, | Command-
Pocolibs, MOOS line
V-Rep LUA OBJ, STL, DXF, API, Addons, C/C++, Python, Java, Sockets, ROS GUI
3DS, Collada, URDF Plugins Urbi, Matlab/Octave
Webots C++ WBT, VRML97 Plugins C/C++, Python, ROS, URBI, NaoQI GUI
(C++), API Java, Matlab
OpenRave C++, DAE, ZAE, Plugins (C++, C++, Python, CARMEN, ROS, GUI
Python more with plugins Python), API Matlab/Octave Player
USARSiM C++, UMAP, ASC, Add-ons, Pyro MOAST, ROS, GUI
UnrealScript ASE, DFX, T3D Plugins Player
Unity CH#, 3DS, MAX, OBJ, Plugins, API — Socket GUI
JavaScript FBX, DAE
MulJoCo MICF MICF, URDF API, Plugins C/C++ Socket GUI

PhysX and Havok were developed for games,
while they can be used with optimization adjusted
and are available for use in the game development
system (Unity) [8, 9, 14—16] or as the additional
library. The technical characteristics analysis of
the simulation environments was made. Data was

presented in the comparative Table 2.

Using the Unity game engine

for modeling mobile robots

Unity is a development environment for 2D and

3D games and applications. Unity Editor is a mul-
tifunctional tool for working with graphics, physics,
data, sounds, animations, user interfaces and pro-
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gram code [17]. A component-oriented approach is
used for development, which means that the proper-
ties of an object on the Unity scene are determined
by the components that are attached to the object
[18]. The standard component library allows you to
create a variety of events and objects, but restricts
user actions. Unity allows the user to develop unique
components-scripts using the C# and JavaScript pro-
gramming languages [19]. Unity supports additional
libraries and plugins that extend the functionality of
the development environment [20].

The use of Unity as a tool for modeling the func-
tioning of robots is considered.

The main reasons to use Unity are:
* PhysX physics engine;
» possibility to use Havok physics engine;
* Windows and Linux support;
e C# and JavaScript support;
e clear documentation;
» wide range of file formats support;
e intuitive GUI with flexible settings;
e plugins support and API;
e environmental modeling tools.

Setting the goal and objectives of the study

The goal of study is to analyze simulation mode-
ling tools for robotic systems that correspond to the
identified parameters. This will allow developing a
software package for designing a simulation model
of a mobile robot, taking into account the physical,
software and hardware features of the product.

Simulation modeling makes it possible to predict
with high accuracy the behavior of a real robotic
system using a virtual model.

The process of designing a virtual model takes
less time and does not require the cost of physical
resources (fasteners, wiring, parts). It is also easy to

Electronics

Microcontrollers Electronic devices

STM32 Sensors Output devices Drivers

Rangefinder Encoder LED Display

Mobile robot

edit, requires less production and research into new

configurations, algorithms, and increases the infor-

mation content during designing and testing [21, 22].
Objectives:

¢ define the most important parameters for mode-
ling mobile robots;

e determine the degree of compliance of Unity
with the identified parameters;

¢ implement close to realistic behavior of mecha-
nics and electronics by using Unity;

« evaluate the possibilities of using the package;

¢ develop a mobile robot model.

Proposed solution

To reach the goals of study a package tools (As-
set) was chosen for data presentation. Development
in the Asset format will allow adding 3D models,
scripts, materials and images to the database and
use it to develop your own application software.

It is necessary to develop the behavior of me-
chanical joints, develop a basic set of mechanical
joints and implement the behavior of electronics
and microcontrollers in order to simulate the be-
havior of a mechatronic platform.

Component-oriented programming was used in
order to develop a package of simulation modeling
tools. Special script components allow to simulate
the behavior of individual elements of a robotic sys-
tem with the use of the Unity tools [23]. The devel-
oped components allow to simulate:

e electronic part of robot:
= microcontrollers (make microcontrollers pro-
grammable, simulate GPIO interface, implement

I2C protocol);
® motor drivers (motor control for generating a

control signal);

Mechanics

Rigid body Joint

Fixed joint Hinge joint

Servo motor

DC motor driver -
driver

DC maotor Servo motor

Fig. 1. Architecture diagram of a software package for designing simulation models of mobile robots
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m clectric motor (creation of torque in the presence
of a control signal);
m encoders (detection of changes in the rotation
angle of an object);
rangefinders (distance measurement);
LEDs (switching on/off in the presence/absence
of a control signal);
= text displays (displaying text received from 1°C
protocol).
* mechanical part of robot [24—27]:
rigid body physics (robot body elements);
fixed joint (fixed connection of robot structural
elements);
® axis (a movable connection of the robot’s structural
elements that provides rotation around the axis).
All components have been designed with the
possibility of flexible configuration and extension, so
the user of the package has the opportunity to develop
his own modules for the robot. The architecture of
the resulting simulation system is shown in Fig. 1.
The package allows you to simulate mobile robots
and test programs for microcontrollers at current
state. The mobile robot consisting of the four-
wheeled platform, the microcontroller, the display,
the rangefinder and the servo drive and four drivers
was developed to test the software package in Fig. 2
(see the 3" side of the cover).

Simulation of mechanical connections
and physics of solids

There are special components for working with
physics in Unity:
¢ Rigidbody — Rigid body physics [28];
e Collider — a physical model of an object for
collision calculations [29];
e Joins — connections with different number of
degrees of freedom [30];
» Articulations — set of articulation bodies [31].
To simplify the configuration of components
and automatic attachment to the object, the scripts
"ModuleBaseScript" and "HingeBaseScript" were
developed, which create and configure a fixed joint
and a hinge joint, respectively. When starting the
scene, the connected elements are checked for the
presence of Rigidbody component, if there is no
component, it is automatically attached with the
RequireComponent attribute [32].

Conclusion

A search was made for tools for mathematical
modeling of the robot behavior in the course of the

study. Tools with extensions for working with phy-
sics were identified among them. Software solutions
with the ability to visualize the results are also de-
fined.

Taking into account these aspects, Unity devel-
opment environment was chosen for the simulation
of mobile robots. The software allows you to de-
velop your own package with a set of tools for a
specific task.

The goal was set to reduce production costs
using simulation modeling of mobile robots as a
part of the study. The task was set to form the As-
set library in Unity development environment with
the possibility of developing their own solutions and
modeling the designs of mobile robots. Ten modu-
les were developed with the use of Unity to simulate
the electronic and mechanical components of a ro-
botic system. The package has been tested. Prob-
lems were identified in the process of testing and
ways to solve these problems were proposed.
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