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A b s t r a c t  

Mobile manipulators are mobile robot bases with at 
least one mounted robot arm which function in an in- 
tegrated manner. In this paper a single arm mobile 
manipulator guided by speech commands is presented. 
The purpose of the mobile manipulator is to reach con- 
crete locations in its environment and to pick up ob- 
jects. The user can interact verbally with the system to 
help it localize and identify new objects, as well as in- 
corporate them to its database o/learned objects. The 
overall system is capable of recognizing speech com- 
mands, interpret them and execute the corresponding 
action. Human-robot interaction via speech has also 
been tested using different examples. Our approach 
supports the fact that the key to successful service 
robots is an adequate human-robot interface. 

Our mobile manipulator ,  Jaume, consists of a Nomad 
XR4000 mobile robot  and a Mitsubishi PA-10 manip- 
ulator. The mobile platform has two computers  on- 
board, one controls the base and the other the arm. 
Both computers  are networked in order to facilitate 
the collaboration between the base and the arm. Fur- 
thermore,  the base is equipped with several sensors 
such as tactile, infrared and ultrasonic sensors tha t  
are used for navigation. The a rm is a seven degree of 
freedom manipula tor  with a parallel jaw gripper. It  
is a t tached at the top of the base with an inclination 
of 45 degrees respect to the horizontal plane as shown 
in the picture below. Additionally, a color stereo pair 
and a force torque sensor are used for a rm operation. 

1 Introduct ion 

A mobile manipula tor  consist of a mobile base and 
one or two manipulators ,  usually called robot  arms, 
or simply arms. Initially, arms were used to do tasks 
such as picking objects, move them and finally place 
them at another  location. This simple task could be 
extended to a particular domain, for example,  to do 
assembly tasks in a production line. However, this ap- 
proach is limited by the arm workspace. One solution 
to this problem is to move the objects tha t  the a rm 
has to manipulate,  this is the case of a conveyor belt. 
But this approach is quite rigid and restrictive to par- 
ticular domains. Another bet ter  solution can be found 
in a mobile manipula tor  which takes advantage of the 
platform mobility to increase the a rm workspace. 

Currently, a growing number  of mobile manipulators  
exists. There are behavior-based mobile manipula-  
tors [12], hybrid architecture mobile manipulators  [14], 
Humanoid Robots  with two arms [2], mobile manip- 
ulators applied to service robots  and rehabili tation 
robotics [6, 7], and others [11, 5]. 

Figure h Jaume,  our mobile manipulator  

Actually, the architecture of this system is organized 
into four main modules: the navigation module, two 
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speech processing modules (one for a rm commands,  
and the other for mobile robot commands)  and the 
communicat ion module. The arm module is still under 
development.  

The overall system is capable of recognizing speech 
commands,  interpret  them and execute the corre- 
sponding action. This system has been tested suc- 
cessfully in an unstructured office environment turn- 
ing out to be a reliable, efficient and robust  approach. 
Human-robot  interaction has also been tested using 
different examples. 

In this paper,  a mobile manipula tor  guided by speech 
commands  is presented. The purpose of this robot  
is to reach concrete locations in its environment and 
to pick up objects tha t  it has previously recognized. 
Both location and object are indicated by speech com- 
mands. The user can interact  verbally with the system 
to help it localize and identify new objects, as well as 
incorporate them to its database  of learned objects. 

The goal of the work presented in this paper  is to in- 
tegrate  different capabilities into a unique mobile ma- 
nipulator architecture for a service robot. Interaction 
with natural  human speech lends the system behave in 
a friendly and natural  manner.  A dialogue-based ap- 
proach for guiding the robot is also possible, so that  
the user can help the robot  solve the unexpected am- 
biguities, as well as increment its task-oriented knowl- 
edge. 

This paper  is organized as follows. Firstly, a detailled 
description of the system architecture is given. In this 
section, the main modules of the system are intro- 
duced as well as their performance.  Secondly, in the 
results section, some capabilities of the mobile manip-  
ulator are shown. Finally, some conclusions and future 
work are given. 

2 System Architecture 

The architecture of the system is divided into the fol- 
lowing modules: 

• The Navigation Module 

• Two Speech Processing Modules 

• The Communicat ion Module 

The  navigation module consists of three modules: the 
initiation module, the door entering module and the 
landmark-searching module. The first module is exe- 
cuted when the robot  is turned on, and its purpose is 
to reach an initial location in the robot environment.  

The door-entering module is responsible for crossing 
door-like openings and uses infrared sensors. Finally, 
the landmark-searching module allows the robot  to 
move between landmarks  avoiding obstacles at the 
same time. In this approach we have chosen doors 
as landmarks.  

The two speech processing modules translate speech 
commands into instructions tha t  the a rm module or 
the navigation module can understand.  New objects 
can be added to the robot  da tabase  through the inter- 
action with the user, so tha t  they can be reached in 
the future. 

Finally, the communicat ion module let us intercon- 
nect the rest of the modules by using OMG CORBA 
(Common Object  Request  Broker Architecture). The 
resulting system can be seen as a set of conceptual 
objects that  interact  regardless of the programming 
language, operat ing system and the host of each ob- 
ject. 

2 .1  T h e  N a v i g a t i o n  M o d u l e  

The navigation module is responsible for the move- 
ments of the mobile base. I t  consists of the following 
three modules: 

• The Init iat ion Module 

• The Door Entering Module 

• The Landmark-Searching Module 

2.1.1 The Init iat ion Module  

The robot is able to know its actual  position using its 
odometer.  This device informs of the relative position 
with respect to an initial one. By default, this initial 
position is set up when the robot  is turned on, but it 
can be changed during the robot  operat ion in order to 
establish another  initial position. 

The purpose of our robot  is to reach specific locations 
in its environment so it is necessary to know where it is 
in each moment .  Besides, the locations the robot has 
to reach are expressed respect to an initial position 
so it has to s tar t  always at the same location. The 
purpose of the Init iat ion Module is to reach this initial 
position. 

So as to reach this initial position, an algorithm based 
on infrared readings is used. This algorithm takes ad- 
vantage of the infrared sensors precision in order to 
position the robot  in a more accurate position. Af- 
ter a slow series of steps, the robot  finally reaches its 
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initial position. At tha t  moment ,  it can reach other 
locations. 

2.1.2 The Door Entering Module 

The robot  environment consists of several rooms con- 
nected by doors. These part icular  doors are wide 
enough to allow the robot to go throw them, but 
it is necessary a high level of accuracy tha t  cannot 
be achieved with simple ultrasonic sensors so infrared 
sensors must  be used. For this reason, doors are con- 
sidered as special landmarks  and the robot has to 
reach them when its final location is in another  room 
different from the present. 

Several strategies were tested in order to overcome this 
problem. They all consider tha t  there are two obsta- 
cles in front of the robot  representing the door frame, 
and then use the front readings of the infrared sensors 
to build an histogram. 

The first s t ra tegy is the median-based method.  In 
this method,  a cumulative his togram is built to get 
the median value. Then the symmetr ic  of this value is 
calculated representing the central point of the door 
frame. Finally the robot  is driven to the direction of 
the sensor with this value. 

Another  s t ra tegy is the two local m ax i m a  method in 
which two local m ax i m a  representing the door frame 
are searched. The new direction of movement  can 
be established as the central point between these two 
maxima.  The problem of this method is tha t  we can- 
not guarantee the two maxima.  

The most  reliable s t ra tegy is the double media filter. 
This method is based on applying two times a media 
filter over the initial raw histogram. This will extend 
the influence of the door frame to its neighborhood 
since the frame represents the highest values of the 
histogram. The result of this operat ion is that  the 
minimum value of the his togram represents the central 
point within the door frame. 

2.1.3 The Landmark-Searching Module 

The Landmark-Searching Module is based on the 
V F H +  algori thm [16, 4] used for real t ime obstacle 
avoidance in several mobile robots  [3]. This algorithm 
uses the concepts of Certa inty Grids [13] and Occu- 
pancy Grids [8] to build a map  of the robot environ- 
ment.  Each cell of this map represents a small region 
of 5x5 cm. of the environment.  The value of this cell 
is the confidence of the algorithm in the presence of 
any obstacle. 

The key idea is sensor fusion over time. Therefore, if 
there is an error in one of the sensor readings, the value 
of the corresponding cell will not be affected too much, 
so this algorithm improves the safety of methods based 
on single sensor readings. 

As said in the door entering module, doors are used as 
landmarks tha t  the robot  has to reach. To ensure that  
the robot  reaches a door very close to it, a rectangle 
with the door inside is defined so the robot  will effec- 
tively reach the door only when it is in this rectangle. 

2.1.4 I n t e g r a t i o n  o f  the Three Modules 

The purpose of the Navigat ion Module is to reach a 
concrete destination s tar t ing from an initial position. 
The problem of the initial position is solved by the Ini- 
t iation Module, while the problem of reaching a desti- 
nation is solved by a combinat ion of several executions 
of the other modules. 

For example, if the destination is in the room next to 
the initial one, the robot has to execute the Landmark- 
Searching Module to reach the door, then the Door 
Entering Module to cross it and finally the Landmark- 
Searching Module to reach the final destination. 

2.2  T h e  S p e e c h  P r o c e s s i n g  M o d u l e s  

The user can control the robot  using his or her voice 
since the communicat ion between the user and the 
robot  is made through the use of natural  speech. A 
microphone is used to give orders to the robot  while a 
voice synthesizer is used to play the decisions taken by 
the system. Furthermore,  a commercial  speech recog- 
nition software is used in order to t ranslate  a voice 
order into a string tha t  can be directly processed by 
our system. 

Despite natural  speech is less reliable and robust  than 
usual p rogramming  languages, voice commands  are 
used to control the robot.  This allows a bet ter  human- 
robot interaction through the use of speech rather  
than typing in commands on a keyboard. 

The speech processing modules are organized into two 
modules, one for arm commands (arm speech process- 
ing module) and another for platform commands (base 
speech processing module). 

2.2.1 The Base Speech Processing Module 

The base speech processing module takes a string rep- 
resenting the voice command  given by the user as in- 
put. This command  has a par t  for the platform and a 
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part  for the arm. Both parts have to be processed by 
the corresponding module. The arm part  will be pro- 
cessed by the arm speech processing module and the 
platform part  by the base speech processing module. 

Once the part  of the string corresponding to the plat- 
form is determined, a natural  language processing has 
to be made. So that ,  the system can decide if the 
command is correct or not. In tha t  case, a platform 
command will be sent to be executed in the base. 

The location and the status of the robot  is also taken 
into account by this module. Therefore, if the robot 
has picked up an object and the user sends a new com- 
mand in order to pick up another object, the system 
will notice that  and will give a message to the user 
informing of the problem. A similar situation may 
occur when the robot is unable to reach a concrete 
destination. 

2.2.2 The  A r m  Speech  Proces s ing  M o d u l e  

The input string to the arm speech processing module 
is the part  of the voice command corresponding to the 
arm. This string is given by the base speech processing 
module. 

Three elements are searched to process this string: the 
object to manipulate, the verb specifying the action 
and the final destination of the object. However, if 
the object is not known, a learning process starts to 
introduce it in the database of lem'ned objects. This 
process consists of a human-robot  dialogue to help the 
robot localize and identify new objects. During this 
process, qualitative spatial reasoning techniques are 
used [9, 10] to guide the robot.  

As in the previous speech processing module, a status 
of the a r m  is taken into account. So that ,  if a syn- 
tacticMly correct command is sent to the arm but it 
cannot be executed due to the current status, the user 
is warned about the problem. 

2 . 3  T h e  C o m m u n i c a t i o n  M o d u l e  

One of the problems when one builds a system made 
of several modules developed in different systems is 
the communication amongst them. In our system, 
there are modules programmed in C + +  and running 
in Linux while others are developed in Java running in 
Windows NT. Moreover, the computers where these 
programs are executed are different, but intercon- 
nected by a LAN. 

An implementation of CORBA (Common Object Re- 
quest Broker Architecture) [1, 15] is used to overcome 

the above problem. CORBA is an architecture that  
let us interconnect applications regardless of the oper- 
ating system and the programming language. Besides, 
an application can communicate with another in a dif- 
ferent host transparently. CORBA will manage all the 
communications for us. 

In this context, the system developed consists of sev- 
eral objects that  can communicate each other. How- 
ever, the implementation of them can differ. In fact, 
the objects of the navigation module are implemented 
in C + +  running in Linux and the objects of the speech 
processing modules in Java running in Windows NT. 
Finally, all the objects of the system are distributed 
in a heterogeneous LAN and can be moved from one 
host to another  without any change in the system. All 
the communications work is done by CORBA. 

3 Resu l t s  

The mobile manipulator  presented is capable of recog- 
nizing speech commands, interpret  them and execute 
the corresponding action over the physical robot. No 
speech programming language is used, instead a natu- 
ral human speech interface has been taken to lend the 
system behave in a friendly and natural  manner. 

In this way, the robot can interpret  commands like: 
Jaume, go to Pedro's Office and ]etch the book. After 
interpreting the human voice, the commercial speech 
recognizing program will pass the string to the base 
speech recognizing module. This module will split the 
string into two parts,  one for its own and the other for 
the arm speech recognizing module. Both speech rec- 
ognizing modules will analyze its string and the status 
of the robot. Finally, each module will respond with a 
command directly executable by the robot or a warn- 
ing message to be played by the voice synthesizer in 
case something was wrong. 

A dialogue-based approach for guiding the robot is 
also possible in case an object cannot be found in the 
environment. With this capability, the user can help 
the robot solve unexpected ambiguities as well as in- 
crement its task-oriented knowledge. 

The system presented consists of four main modules: 
two speech recognizing modules, the navigation mod- 
ule and the communication module. However, the ma- 
nipulation module is still under development, so that  
the system is only capable of doing navigation tasks. 
The manipulation module will let the robot perform 
manipulation tasks using stereo vision and a force sen- 
sor. Therefore, an integration of manipulation and 
navigation will be possible in the near future. 
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The scheme presented has been tested successfully in 
an unstructured office environment turning out to be 
a reliable, efficient and robust approach. Particularly, 
the robot can reach several offices in its environment 
after being ordered to do so. Then, a manipulation 
task is virtually executed, and finally the robot returns 
with the object grasped. 

4 C o n c l u s i o n s  

This paper has presented a mobile robot manipulator 
for service applications. The final system integrates 
a set of modules that control navigation, arm mo- 
tion, speech processing and communication in a user- 
friendly manner, since the robot can be instructed 
verbally to pick up a distant object and to bring it 
back. Our approach supports the fact that the key to 
successful service robots is an adequate human-robot 
interface. 
Currently, we are developing new grasping algorithms 
based for general 3-D objects. Furthermore, we are 
planning to introduce force control to them. We are 
also working on color stereo vision processing applied 
to reaching and grasping algorithms. Human safety in 
the mobile manipulator workspace is also being stud- 
ied. 
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