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Abstract. Orpheus mobile robot is a teleoperated device primarily designed for
remote exploration of hazardous places and rescue missions. The robot is able
to operate both indoors and outdoors, is made to be durable and reliable. The
robot is remotely operated with help of visual telepresence. The device is con-
trolled through advanced user interface with joystick and head mounted display
with inertial head movement sensor. The functionality and reliability of the sys-
tem was tested on Robocup Rescue League 2003 world championship in Italy
where our team placed on 1st place.

1 Introduction

The Orpheus robotic system have been developed in our department from the begin-
ning of year 2003. The project is a natural continuation of “mainly research”
U.T.AR. project [1], [2], [3] and is intended as a practically usable tool for rescue

Fig. 1. Orpheus

teams, pyrotechnists and firemen. The Orpheus robotic system consists of two main
parts: Orpheus mobile robot itself and operator’s station.
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2 Mobile Robot Description

The robot itself (see Fig. 1) is formed by a box with 430x540x112mm dimensions and
four wheels with 420 mms diameter.

The maximum dimensions of the robot are 550x830x410mm. The weight of the
fully equipped robot with batteries is 32.5Kg. The mechanical construction of the
robot is made by aluminium.

2.1 Locomotion Subsystem

Our department has developed a new Skid-steered Mobile Platform (SSMP) for the
Orpheus mobile robot. The SSMP is intended to be both indoor and outdoor device,
so its design was set up for this purpose. Another our important goal was to design the
device easy-to-construct because of our limited machinery and equipment.

Finally we decided to make the platform like shown in Fig 2. The base frame of
SSMP is a rectangular aluminium construction. Two banks of two drive wheels are
each linked to an electrical motor via sprocket belt. The two drive assemblies for the
left and right banks are identical but they operate independently to steer the vehicle.
The motors can be driven in both directions, thus causing the vehicle to move for-
ward, backward, right or left. Motors are equipped with incremental encoders and
can be controlled either in velocity loop.

Two 24V DC motors with integrated incremental encoders and three-stage plane-
tary gearheads are used.

TRANSMISSION BELTS

MOTOR1
— MOTOR2

Fig. 2. Simplified Scheme of the Locomotor

2.2 Electronics

Most of the electronics is developed on our department. See Fig. 3 for a photo of the
electronic subsystem of the Orpheus mobile robot.
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Fig. 3. Interior of the Orpheus

Microcontroller System

The Orpheus microprocessor system consists of 8 microcontrollers. Atmel AVR
micro and Mega 8-bit RISC microcontrollers were used. The processors communicate
by RS-232 serial interface using TTL levels.

Communication Processor - this processor serves to make an interface between
ELPLRO datamodem and main processor. The main purpose of this processor is to
transform the messages to and from the datamodem.

Main Processor - the main processor controls the whole system. It receives messages
from the operator (through datamodem and communication processor). The architec-
ture is master-slave, so the processor cyclically asks the other processors for the data.

Thermosensor Controller - the processor makes an interface between the thermosen-
sor’s RS-232 protocol and robot’s internal RS-232 line. It is necessary because the
thermosensor’s protocol is too easy and has not any ID — responds to each message.

Servo Controller - this processor makes 6-channel standard modeller servo control-
ler. The pulse-width may vary from 1.0 to 2.0 ms, is repeated each 20ms and may be
set for each channel.

LCD Controller - four databit transfer mode for standard Hitachi LCD drivers is
implemented in this microcontroller. The used LCD has four lines with 20 characters
each, but the driver is universal and may be reconfigured for different LCDs.

Camera Switch and Analog Measurement Processor - Up to four cameras may be
connected to the system. The camera switch board may switch among them. The
processor also may be used for analog-to-digital conversion of various analog signals.

Motor Controllers - To control wheel velocities and direction a control and power
switching board was developed. It consists of PID controller, H-bridge controller and
full MOSFET H-bridge. There is one channel for each motor.
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Fig. 4. Spatial Placement of Cameras

2.3 Sensory Subsystem

The robot contains three cameras. Their spatial placement is shown on Fig. 4. The
main camera is on a sensory head. It has two degrees of freedom — may move left to
right and up to down. The movements limits are similar to the ones of a human head.

The camera is a sensitive high resolution color camera with Sony chip. The other
two cameras are black&white high-sensitive cameras with one degree of freedom.
The front camera has IR light to work in complete darkness.

Fig. 5. The Sensory Head with Main Camera, Directional Microphone and Thermosensor

An infrared thermosensor Raytek Thermalert MID is used for object temperature
measurement. The sensor provides three independent temperatures — the object tem-
perature measured by IR, the sensory head temperature (the sensor measures the dif-
ference between temperatures in principle, so the derivation of this temperature is
crucial to know if the measurement is precise), and the temperature of the electronics
box, which we use to measure the temperature inside the robot. The thermosensor is
placed beside the main camera and rotates with it (see Fig. 5). It causes the tempera-
ture of the object in the center of the camera picture is measured.

Standard walkie-talkie is used for one-directional audio transmission. One of two
microphones displaced on the robot may be used during a mission.
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The first one is integrated in the sensory head (see Fig. 5) and is directional. Since
it moves with the main camera, the operator can hear the sounds from the direction
he/she is looking to. The operator also may use the second — omnidirectional — micro-
phone placed on the body of the robot.

We have made several experiments with two microphones and stereo audio percep-
tion on our older reconnaissance robotic system U.T.A.R. and we plan to use it on
Orpheus as well, since it seems to be much more natural for the operator to have ste-
reo perception similar to real-world than one omnidirectional microphone with per-
ception axes parallel to the optical one.

It also seems to be very profitable to use electronically amplified microphones with
user-variable gain.

2.4 Communication

Two independent devices are used for wireless communication with Orpheus: analog
video transmitter for one-way video transmission and digital datamodem for bi-
directional data communication between the robot and operator’s station.

Fig. 6. Orpheus Operator’s Station for Telepresence Control

3 Operator’s Station

The operator’s station for remote control of the mobile robot consists of several main
parts: notebook, Imperx PCMCIA grabber, SAITEK Cyborg 3D Gold joystick, head
mounted display: I-Glasses SVGA, INTERTRAX 2 headtracker — Intersense, Elpro
Datamodem, video-receiver.

3.1 User Interface

The robot is controlled by operator with help of so called visual telepresence (see Fig.
6). The operator has a head mounted display with inertial head movement sensor.
His/her movements are measured, transformed and transmitted to Orpheus. The user
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interface of Orpheus mobile robot system is programmed in C++ programming lan-
guage under Microsoft Windows XP system.

The main advantage of the used user interface is that the digital data may be easily
displayed over the video, so the operator does not need to switch among displays. The
principle is that the added data are painted to small dark windows and these windows
are blitted to the video image. The windows are semi-transparent, so the objects in
video (or at least some of them) can be seen through the windows.

In the following text the small windows with additional data are called as displays.

Three main windows with different level of displayed data were designed. The full
view, the quick view and the empty view.

Full View
All the accessible data are displayed on this display (see Fig. 7).

In the center part there is a Head Mounted Display Heading Display. This display
shows the relative rotation difference between the camera and the body of the robot.
This difference is derived from the operator’s head movements.

JOYSTICK DISPLAY  HMD HEADING  SYSTEM MESSAGE
DISPLAY WINDOW l

HMD SENSOR
STATUS DISPLAY .
ORPHEUS
STATUS DISPLAY ——
COMMUNICATION
DISPLAY

USER INTERFACE
STATUS DISPLAY

TEMPERATURES ——p
DISPLAY

Fig. 7. Full view

OBJECT MOVEMENT HMD CONTROL ACTIVE
TEMPERATURE  INDICATION HEADING DEVICE CAMERA

USER INTERFACE

STATUS DISPLAY=P

Fig. 8. Quick view
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The System Message Window represents the system messages like overall system
status, list of devices currently connected to the system (joysticks, grabber, etc.). This
is a tool to show events that happen once rather than continuous display (as against
all of the other displays). The data are expressed as a text messages that roll on an
“infinity paper roll”.

From our experiments and testing it became obvious the full view is too compli-
cated for operator in most standard situations and the operator may become over-
loaded by the amount of not-so-important data. For this reason a more simplistic
quick view was developed (see Fig. 8). It contains only the most important data
needed for the operator: user interface status display, HMD heading cross, and several
indicators.

4 Conclusions and Perspectives

The system proved to work reliably during five-days period of the Robocup 2003
competition. Although the operator (author) had not preceeding experience of the
system’s remote control (the whole system was constructed in less than five months
and they was no time for training) the control by visual telepresence was precise and
reliable. It may be said the operator has a good view of the situation in the robot’s
environment. The control of camera movements by operator’s head proved to be both
intuitive and reliable. The design of the user interface including the virtual HUDs
placed over the video image in head mounted display seems to be a good way to dis-
play important digital data to operator.

The Orpheus robotic system will be significantly improved in future. The new ver-
sion marked as Orpheus-X1 is already in progress. The improvements include me-
chanical construction (see Fig. 9), electronics and user interface.

Fig. 9. Orpheus-X1with 2-DOF manipulator
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