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Abstract

New robaotic solutions should be carefully verified before executing with real robots in real environments. Simulation
provides a significant support in testing, but requires test sites with a high level of realism. In this case, 3D modeling
can be used to produce the necessary 3D digital representation of real objects with varying difficulty. This article
presents a step-by-step tutorial on modeling a realistic office environment. The environment contains a building
skeleton frame, windows, building tiles, and furniture. Blender modeling toolset was used to create high-quality 3D
models in the Gazebo simulator. The constructed virtual environment was validated with a lidar-based SLAM task
fora UGV.

Keywords: 3D modeling, UGV, lidar-based SLAM, Gazebo.

modeling approach is often used for prototyping 3D robot

1. Introduction L . .
models?3, designing test sites*>. The 3D model is a

Real-world objects 3D modeling is the most commonly replica of a real object and has actual physical and visual
used technique for producing a 3D digital representation characteristics: size, scale, shape, texture. 3D modeling
real 3D objects or surfaces. In robotics field the toolsets allow creating 3D objects, e.g., Blender®.
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However, to interact with a 3D model, it should first be
loaded into a virtual environment.

Simulation is an essential part in robotics research
field. The purpose of a simulation is to imitate real
environment conditions (e.g., gravity). The benefits of
using simulation; no special hardware is required; virtual
experiments take less time than real experiments; quick
algorithm errors detection in early implementation
stages’.

Developed novel concepts, approaches, and
algorithms should be verified before executing with
robots in real environments®. In robotics, 3D modeling
provides a significant support in proving the correctness
of robotics tasks performed. One of these tasks is
simultaneous localization and mapping (SLAM)®.
During a mapping procedure, a robot explores an
environment and creates a map. 3D modeling allows
creating necessary virtual environments with a high
realism level: landscapes, terrains, buildings, building
interiors and other objects with varying difficulty.

This paper presents a step-by-step tutorial on creating
a realistic office virtual environment. The 14th floor of
the second study building of Kazan Federal University
(KFU) was used as a real office environment. Blender
was chosen as a modeling software tool due to its
intuitive interface, good documentation, and free license.
For simulating and testing the modeled virtual
environment we used Gazebo simulator. Gazebo is a
popular well-designed free 3D robotics simulator that
makes it possible to design and emulate complex virtual
environments and operate robots within them. The
constructed virtual environment is validated through a
lidar-based SLAM task for a UGV performed using
Robot Operating System (ROS). ROS provides necessary
interfaces to simulate robots in Gazebo simulator.

2. Environment Modeling

3D modeling requires special 2D CAD drawings of a real
model. A 2D drawing represents the top view or side
view of an object. An artist uses 2D drawings to get a
basic understanding of the model object and its technical
characteristics (size, shape, etc.). We used a 2D plan of
the 14th floor of KFU 2" study building that is shown in
Fig. 1.

We used the following characteristics of the floor
plan:

Fig. 1. Top view 2D drawing of the 14" floor of KFU 2"
study building.

e  Size of the rooms: length, width, and height
e Corridor width and length
e  Types of windows

Other details of the 14th-floor interior were omitted
for simplifying the 3D model. We created only main
model parts: a building skeleton frame, windows,
building tiles, and furniture.

2.1. Building skeleton frame

Constructing a skeleton frame is done by creating a 14th-
floor skeletal frame of pieces of parallelepipeds and
cuboids of different sizes and thicknesses. A 3D model
of the 14th-floor building frame is shown in Fig. 2.
Dimensions of the model are 45 %15 %<3 (m). The model
is a set of building blocks: walls and room dividers.

Fig. 2. Top view 2D drawing of the 14" floor of KFU 2
study building.

2.2. Windows

We modeled two types of windows: transparent glass and
tinted glass (Fig. 3). Tinted glass is used between the
corridor and classrooms, transparent glass — for exterior
windows.
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Fig. 3. Window types: transparent glass and tinted glass
windows.

2.3. Building tile

A building tile is modeled as a parallelepiped (Fig. 4).
Dimensions of the shape are 0.3 <60 x50 (cm). In order
to optimize simulation, we joined several pieces of
building tile into one continuous solid chunk. A tile has a
material property that defines color or texture. The
material can be easily changed to the necessary material.

Fig. 5. Example of a virtual classroom.

algorithm®®, which employs LRF sensory data and
odometry to build a 2D occupancy grid map.

The created environment usability was evaluated by
running hector_slam with Servosila Engineer mobile
crawler-type robot. In our virtual environment testing,
hector_slam SLAM method produced the 2D occupancy

grid map (Fig. 6, right) of the 14th floor of the KFU
second building (Fig. 6, left).

Fig. 4. 3D model of building tiles.

2.4. Classroom furniture

In order to design classroom interior, a chair, a wardrobe
and tables were modeled. We modeled two types of
tables: a rectangular activity table and a trapezoid activity
table. They both have the same size: 80 <55 <175 (cm).

The standard chair has an overall height of 90 (cm),
width of 40 (cm), and depth of 41 (cm). The average
standard depth of a wardrobe is 80 (cm), height and

length is 160 and 80 cm respectively. An example of
virtual classrooms is shown in Fig. 5.

3. Use of the Real Office Environment

One of the most interesting application of virtual
environments is testing and evaluation of Lidar-based 2D
SLAM methods. We used hector_slam 2D SLAM ROS
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Fig. 6. The original 3D environment (left) and sensory.

4. Conclusions

This paper presented a tutorial on modeling a realistic
office environment in Gazebo. The environment consists
of a building skeleton frame, transparent glass and tinted
glass windows, building tiles, and furniture. The
constructed virtual environment was validated with
hector_slam SLAM for Servosila Engineer UGV.
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