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Abstract—This paper describes a mobile robot called TeleBot-
2 with an immersive, embedded control system. TeleBot-2 is a
special design for search and rescue task by Advanced Teler-
obotics Research (ATR) Laboratory at Kent State University. It
is a transformable telepresence humanoid robot. It can switch
between the folding tank mode and upright stand operation
mode. During the folding tank mode, the robot is able to shrink
its size to minimum while maintain basic operation function for
lower terrain operation by folding in the top, humanoid half of
itself. When it switched to upright stand operation mode, it will
release the full function and skill set of humanoid upper body.
It also gives it the advantage of operating objects at high places.

In this paper, we are not only competing for the RoboCup Res-
cue League competition, but also proposing a modern approach
for every robotics lover to kick start in robotics filed.

Index Terms—RoboCup Rescue, Team Description Paper, Tele-
Operative, Virtual Reality, Robot System

I. INTRODUCTION

HE notion of telepresence and teleoperation is not sci-

ence fiction anymore. People are using it in their daily
life for applications such as video chat, which is a simple
version of telepresence. Remote PC control can be treated as
teleoperation to help others fix some problem they are facing
on their PC. Because of the physical limit we all human being
shared that we only have one body and we can not teleport to
different places. We need a robot to do a certain job that we
are not able to or one that is too risky to do, such as run into
a nuclear facilities to save victims or operate some machine
at high radiation environment.

In this paper, we present the TeleBot-2, which is built on our
previous work to bring a more immersive, intuitive and robust
telerobotics system to life. TeleBot-2 is a transformable telep-
resence semi-autonomous robot. It can switch between folding
tank mode for minimum size and upright stand operation mode
for advanced operate function. The key advances of our robot
includes: (1) transformable, which can fit into different terrain
and perform different types of jobs; (2) Virtual Reality (VR)
control system, which give user the immersive and easy control
interface compare to transitional button control system; (3)
sophisticated algorithm for manipulation and path planning,
which enable precise control and autonomous feature; (4)
robust robotics system structure, which ensures we cover every
aspect from robot development to real life operation.

Fig. 1. Telebot2 in WRS Competition

II. SYSTEM DESCRIPTION

The robot system can be broken into two parts, software and
hardware. In terms of the software, we use Robot Operating
System (ROS) as our base operating system frame, and add
virtual reality (VR) control mechanism on top of that. On the
hardware side, we are using dynamixel motors as our main
control motor, iron plate as robot’s bones and drone as third
eyes of Telebot2.

A. Hardware

In this section, we will describe the details of robot’s
physical structure.

1) electric circuit: Due to the complexity of electric flow
inside the robot system, and safety concern of things in
general, we design our own PCB board to handle and exchange
power inside our system.

2) Leveling Platform: We are deploy two IMU modules on
both the head and mobile base of the robot. For the mobile
base one, we will get both roll and pitch rotation to balance out
robot when it drive through uneven terrain in case too much
weight falls into only one side of robot and flip the robot. In
terms of the one installed on head, it will be used to get all
roll, pitch and yaw information to smooth the head movement
and stabilize the video steam we get from robot to prevent
operator getting dizziness from watch tremble video feed.

3) Mobile Base: The mobile base contains the heart of our
robot, the electronic boards, core computing PC, emergency
button, battery and radio for transmitting video signal between
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Fig. 2. telebot2 with maximum perform form

robot and operator. All would be implemented on the mobile
base. as terms of driving function, we have two type of driving
mode, one is using tank driving mode, which we implement
by using 2 tank track with dynamixel Pro motor and the other
one is three wheel differential drive mode as show in fig 4,
which we implement by having two wheel in front and use
one dynamixel Pro motor in the center of the mobile base,
and push the third wheel down to ground to rise up the robot
base and body in order to transform as show in fig 2. and
we also implement a Astra depth sensor camera on the front
side of mobile base to generate 3d point cloud and needed 2d
mapping information for path planning and manipulation.

4) Upper Body: For the upper body of our robot, we are
using combination of dynamixel Pro and dynamixel XM540-
W270 for 9 degree of freedom (DOF) arms and two dynamixel
Pro as waist to assemble our robot upper body to give operator
a human-like operation platform which allow operator to have
more precise as well as more immersive control of the robot.
and we also implement multiple camera on robot as needed
to give operator a better view of what is happening on robot
side and avoid collision between surrounding object.

5) head: In the head unit of our robot, we implement
another Astra depth sensor camera to generate another set of
point cloud and combine with the mobile base one to have
more detail and clear data. and we also attach a Go Pro camera
on top of Astra depth sensor to get real-time video feed with
0.2 sec of latency.

6) Drone: As for done, we bought the original parrot drone
from market and implement our own algorithm to make it
follow and hovering on top of Telebot2, using octomap to
build 3D map for better localization and to give us a God
view of the scene to help operator to make better judgement
choices,

B. Software

In this section, we will demonstrate what our software
structure looks like, the navigation algorithm and how we
implement our control system for TeleBot-2.

1) main frame: The core of our software structure is based
on Robot Operating System (ROS), it is a robotics middleware
which designed for heterogeneous computer cluster. it provides
the communication between different device, low level control
of hardware, implementation of commonly used functionality
and so on. it is one of the main stream robotics control system
nowadays.

2) driving system: For driving system, we implement our
own method based on turtlebot3 driving system. it uses differ-
ential drive mechanism on both form of our robot, and it can
be transform base on operators’ need.

3) drone system: The drone is controlled by aircraft path
planning software that utilizes the P4X [1] open source
software package for controlling drones with MAVLink and
ROS The drone can be fed direction on the fly or set on a
pr.-planned course. P4X provides tools for collision detection
and gathering sensor data which will be useful main robot
manipulation.

4) navigation: Our approach for navigation is let ground
robot using rtabmap_ros [2] package to create a 3d point
cloud of surrounding environment and create a 2D occupancy
grid map for navigation. as for the drone part, we implement
octomap to create a 2D map as well to correspond with
rtabmap to get a more accurate localization. and we also
stream video from attached camera on drone to have live video
feed to operator.

5) object detection: For object detection, we have various
of detection. Such as using OpenCV for rusty detection to
check if we need to replace some components or not, or keep
track of moving object for position update, or using you only
look once (YOLO) [3] algorithm to detect surrounding object
or victims and so on. All object detection methods can be used
base on the need.

C. Communication

We are using two communication method between robot
and operator, one is for transmitting video signal from robot
to operator with S-4914T/R wireless HD transmission system,
and the other is using networks access point which compliant
with IEEE 802.11a 5 GHz standard to sending rest necessary
data, such as general video feed, robot control command,
mapping data and so on.

D. Human-Robot Interface

As human-robot interface show in Fig. 3, we break down
into 3 parts as follow: (1)visual control, (2)robot manipulation
(3)training steps.
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