
ViRbot: A System for the Operation of Mobile

Robots

Jesus Savage, Adalberto LLarena, Gerardo Carrera, Sergio Cuellar,
David Esparza, Yukihiro Minami, and Ulises Peñuelas
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Abstract. This paper describes a robotics architecture, the ViRbot,
used to control the operation of service mobile robots. It accomplish the
required commands using AI actions planning and reactive behaviors
with a description of the working environment. In the ViRbot archi-
tecture the actions planner module uses Conceptual Dependency (CD)
primitives as the base for representing the problem domain. After a com-
mand is spoken to the mobile robot a CD representation of it is generated,
a rule based system takes this CD representation, and using the state
of the environment generates other subtasks represented by CDs to ac-
complish the command. By using a good representation of the problem
domain through CDs and a rule based system as an inference engine,
the operation of the robot becomes a more tractable problem and easier
to implement. The ViRbot system was tested in the Robocup@Home [1]
category in the Robocup competition at Bremen, Germany in 2006 and
in Atlanta in 2007, where our robot TPR8, obtained the third place in
this category.

1 Introduction

In this paper is presented a mobile robot architecture, the ViRbot [2] system,
whose goal is to operate autonomous robots that can carry out daily service jobs
in houses, offices and factories. The ViRbot system has been tested with our
robot TPR8, see figure 1. This system divides the operation of a mobile robot
in several subsystems, see figure 2. Each subsystem has a specific function that
contributes to the final operation of the robot. Some of the layers of figure 2 will
be described in the following sections.

2 Virtual Environment

The virtual environment is visualized by a 3D system called ROC2. The sim-
ulation environment can be changed easily; it has multiple view ports of the
simulation; it has local or remote interaction (Internet); it can execute an user’s
subroutines written in C/C++; simulation of the robot’s movements and sensor’s
readings can be provided also by the user using C/C++.

U. Visser et al. (Eds.): RoboCup 2007, LNAI 5001, pp. 512–519, 2008.
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Fig. 1. Robot TPR8, this robot has, for sensing the environment, a ring of sonars, a
laser measurement system, a microphone and a vision system

Fig. 2. The ViRbot System consists of several subsystems that control the operation
of a mobile robot
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3 Internal Sensors

The robots used in this research have the following internal sensors that reflect
its internal state: wheel encoders and battery level sensor. Each of the sensors’
values can be read any time during the operation of the robot.

4 External Sensors

The robots have the following external sensors that sense the surrounding envi-
ronment: contact, reflective, infrared, video-cameras, microphones. Digital signal
processing techniques are applied to the signals obtained from the video-cameras
and microphones to be used in pattern recognition algorithms.

5 Simulator

The ViRbot system contains a simulator that provides the values of the internal
and external sensors that the robot has, each simulated sensor has a mathemat-
ical model. Also the simulation of new sensors can be incorporated easily.

6 Robot’s Tasks

Set of tasks that the robot needs to accomplish according to the time when it
was programmed.

7 Human/Robot Interface

The Human/Robot Interface subsystem in the ViRbot architecture has tree mod-
ules: Natural Language Understanding, Speech Generation and Robot’s Facial
Expressions.

7.1 Natural Language Understanding

The natural language understanding module finds a symbolic representation of
spoken commands given to a robot. It consists of a speech recognition system
coupled with Conceptual Dependency [3] techniques.

Speech Recognition. For the speech recognition system it was used the Mi-
crosoft Speech SDK engine. One of the advantage of this speech recognition
system is that it accepts continuous speech without training, also it is freely
available and with C++ examples that can be customized as it is required. It
allows the use of grammars, that are specified using XML notation, which con-
strains the sentences that can be uttered and with that feature the number of
recognition errors is reduced.
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Conceptual Dependency. Conceptual Dependency is a theory developed by
Schank for representing meaning. This technique finds the structure and mean-
ing of a sentence in a single step. CDs are especially useful when there is not a
strict sentence grammar. One of the main advantages of CDs is that they allow
rule based systems to make inferences from a natural language system in the same
way humans beings do. CDs facilitate the use of inference rules because many in-
ferences are already contained in the representation itself. The CD representation
uses conceptual primitives and not the actual words contained in the sentence.
These primitives represent thoughts, actions, and the relationships between them.
Some of the more commonly used CD primitives are, as defined by Schank:

ATRANS: Transfer of ownership, possession, or control of an object (e.g. give.)
PTRANS: Transfer of the physical location of an object (e.g. go.)
ATTEND: Focus a sense organ (e.g. point.)
MOVE: Movement of a body part by its owner (e.g. kick.)
GRASP: Grasping of an object by an actor (e.g. take.)
PROPEL: The application of a physical force to an object (e.g. push.)
SPEAK: Production of sounds (e.g. say.)

Each action primitive represents several verbs which have similar meaning. For
instance give, buy, and take have the same representation, i.e., the transference
of an object from one entity to another. For example, in the sentence “Robot,
go to the kitchen”, when the verb “go” is found, a PTRANS structure is issued.
PTRANS encodes the transfer of the physical location of an object, and it has
the following representation:

(PTRANS (ACTOR NIL) (OBJECT NIL) (FROM NIL) (TO NIL))

The empty (NIL) slots are filled by finding relevant elements in the sentence.
So the actor is the robot, the object is the robot (meaning that the robot is mov-
ing itself), and the robot will go from the living room to the kitchen (assuming
the robot was initially in the living room). The final PTRANS representation is:

(PTRANS (ACTOR Robot) (OBJECT Robot) (FROM living-room) (TO
kitchen))

CD structures facilitate the inference process, by reducing the large number
of possible inputs into a small number of actions. The final CDs encode the users
commands to the robot.

7.2 Speech Generation and Robot’s Facial Expressions

The text to speech generation system used is called Festival [4] that is freely avail-
able. In human to human communication, facial expression plays an important
role, so we consider that the same thing applies to human to robot communi-
cation. Thus, one of our robots contains a mechatronic head that shows simple
expressions through movements of it, the opening of its mouth, the movement
of its eyes and by modifying its eyebrows. The eyebrows are created using an
array of LEDs that are turned on and off that creates different face expressions,
see figure 3.
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Fig. 3. In A, the robot’s face shows that the robot did not understand the given
command; in B, the robot’s face shows that it understood the spoken command and
that it is ready to execute it

8 Perception

The perception module obtains a symbolic representation of the data coming
from the users and the robots sensors. The symbolic representation is generated
by applying digital processing algorithms on the data coming from the sensors.
With this symbolic representation a belief is generated.

8.1 Vision Subsystem

The vision subsystem consists of a robust implementation of an object tracker
using a vision system that takes in consideration partial occlusions, rotation and
scale for a variety of different objects. The objects are represented by feature
points which are described in a multi-resolution framework, that gives a repre-
sentation of the points in different scales. The interest points are detected using
the Harris detector, and the description was based in an approximation coined
SURF (Speeded-Up Robust Features) [5]. The ifound object is tracked by an
Unscented Kalman Filter (UKF) [6].

9 Cartographer

This module has different types of maps for the representation of the environ-
ment: Raw maps are obtained by detecting the position of the obstacles using
the robot’s sonar and laser sensors. Symbolic maps contain each of the known
obstacles defined as polygons, that consists of a clockwise ordered list of its ver-
texes. The Cartographer subsystem contains also topological and probabilistic
(Hidden Markov Model) maps of the environment [7].
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10 Knowledge Representation

A rule based system is used to represent the robot’s knowledge, that is rep-
resented by rules, each one contains the encoded knowledge of an expert. In
the ViRbot the rule based system CLIPS is used, an expert system shell, freely
available and developed by NASA [8].

11 World Model and Activations of Goals

The belief generated by the perception module is validated by the cartogra-
pher and the knowledge representation modules, thus a situation recognition is
created. Given a situation recognition, a set of goals are activated in order to
solve it.

12 Hardwired Solutions

Set of hardwired procedures that solve, partially, specific problems. Procedures
for movement, transference of objects, pick up, etc.

13 Task Planner

In the ViRbot planner subsystem there are two planning layers, the upper is the
actions planner, based on a rule based system, and the lower layer the movements
planner, based on the Dijkstra algorithm.

13.1 Actions Planner

The Robot is able to perform operations like grasping an object, moving itself
from on place to another, etc. Then the objective of action planning is to find a
sequence of physical operations to achieve the desired goal. These operations can
be represented by a state-space graph. Thus, action planning requires searching
in a state-space of configurations to find a set of the operations that will solve a
specific problem. Internally, the actions Planner is built using CLIPS, that has an
inference engine and this uses forward state-space search, that finds a sequence
of steps that leads to a solution given a particular problem. Actions planning
works well when there is a detailed representation of the problem domain. In the
ViRbot architecture the actions planning module uses conceptual dependency
as the base for representing the problem domain. After a command is spoken, a
CD representation of it is generated. The rule based system takes the CD repre-
sentation, and using the state of the environment it will generate other subtasks
represented by CDs and micro-instructions to accomplish the command. The
micro-instructions are primitive operations acting directly on the environment,
such as operations for moving objects.
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For example when the user says ”Robot, go to the kitchen”, the following
CD is generated:

(PTRANS (ACTOR Robot) (OBJECT Robot) (FROM Robot’s-place) (TO
Kitchen))

It is important to notice that the user could say more words in the sentence,
like ”Please Robot, go to the kitchen now, as fast as you can” and
the CD representation would be the same. That is, there is a transformation
of several possible sentences to a one representation that is more suitable to be
used by an actions planner. All the information required for the actions planner
to perform its operation is contained in the CD.

13.2 Movements Planner

If the command asks the robot to go from one room to another the movements
planner finds the best sequence of movements between rooms until it reaches
the final destination. Inside of each room the movements planner finds also the
best movement path considering the known obstacles, that represent some of the
objects in the room. Thus, the movements planner uses this information to find
the best path avoiding the obstacles that interfere with the goal. The best path
is found among several paths, according to some optimization criteria and using
the Dijkstra algorithm. For the previous example where the robot was asked to
go to the kitchen, the movements planner just needs to find the best global path
between the Robot’s place and the Kitchen, thus the action planner issues the
following command to the movements planner:

(MOVEMENTS-PLANNER get-best-global-path Robot’s-place to Kitchen)

And the answer of the movements planner is the following:

(best-global-path Robot′s − place place1 place2...placen Kitchen)

Now a new set of PTRANS are generated asking the robot to move to each
of the places issued by the planner:

(PTRANS (ACTOR Robot) (OBJECT Robot) (FROM placei) (TO placej))

For each of these PTRANS it is asked to the movements planner to find the
best local path from placei to placej:

(MOVEMENTS-PLANNER get-best-local-path placei to placej)

And the answer of the movement planner is the following:

(best-local-path node1 node2...nodem)

in which each nodei is part of the topological map whose coordinates are xi

and yi that the robot needs to reach.

14 Behavior Methods

After the movements planner finds the nodes where the robot needs to go, the
Behavior subsystem tries to reach each of them, if it finds unexpected obstacles
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during this process it avoids them. The Behavior subsystem consists of behaviors
based on potential fields methods and state machines, all these controls the final
movement of the robot [9].

15 Control Algorithms and Real and Virtual Actuators

Control algorithms, like PID, are used to control the operation of the virtual and
real motors. The virtual or the real robot receives the commands and executes
them by interacting with the virtual or real environment and with the user.

16 Conclusions and Discussion

The ViRbot system was tested in the Robocup@Home category in the Robocup
competition at Bremen, Germany in 2006 and in Atlanta in 2007, where our
robot TPR8, obtained the third place in this category. Some videos showing the
operation of the ViRbot system can be seen in http://biorobotics.fi-p.unam.mx.
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