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Abstract

In the personal or service robotics domain a very close
interaction between humans and robots is crucial. To ad-
vance research in this field we have designed and built the
humanoid robot HERMES. It is shaped according to an
anthropomorphic model and is equipped with two arms, a
bendable body, a pan-tilt head with two video cameras and
an omnidirectional wheelbase. It combines visual, kines-
thetic and tactile sensing for enabling a natural communica-
tion and interaction with humans. HERMES is capable of
speaker-independent speech recognition and speech outpuit.
A special behavior-based system architecture is employed to
integrate these key technologies. It is based on an under-
standing of situations for the selection of the behaviors to be
executed. Implementing this architecture allows almost
natural human-like communication and interaction and
makes the robot appear intelligent.

1 Introduction

Although the vast mgority of robots today are used in facto-
ries, technological advances are enabling specialized robots
to automate many tasks in non-manufacturing industries
such as agriculture, construction, health care, retailing and
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motion and manipulation, cooperation and communication,
reliability, and — still probably most iportantly — adaptabil-

ity, learning, and perception ([Brooks, Stein 1993], [Konno
et al. 1997], [Bergener et al. 1997], [Yamaguchi, Takanishi
1997], [Honda 1997]). We have developed the humanoid
robotHERMES based on our previously gained experiences
[Bischoff, Graefe 1998] to be able to tackle most of these
fields and to combine methods and to demanstresults
under a coherent frameworERMES is an excellent re-
search basis for sensor-guided mobile manipulation, envi-
ronmental learning and effective human-robot communica-
tion and cooperation [Bischoff, Graefe 1999].

One of our demonstration scenarios includes a delivery and
guidance service in an office-type building with extended
networks of corridors. No prior informatiohauld be avail-
able to the robot before its actual deployment, except that it
has the abilities to navigate successfully in corridors and
junctions and to detect work stations, such as tables, shelves,
mail boxes etc. lmrder to do useful services for the benefit
of its human co-workers the robot should be able to learn
more about its working environment. Therefore, the robot
needs to be equipped with communication and human-robot-
interaction skills besides various other sensorimotor skills.
The given task is similar to the introduction of a new col-

other services. These so-called “field and service robots” |eague into his new Working environment. The new col-
aim at the fast growing service sector and promise to be @eague \ill certainly have certain basic abilities, e.g., to
key product for the next decades [Schraft, SchmE38B].  “navigate” successfully the network of corridors, but most
All robots working in these domains have been designed tamportantly, he will be able to learn about the environment
provide special solutions for specific problems. They rely onfrom reading information signs, observations and asking
detailed teaching and programming and carefully preparecpeople.

environments. It is COStly to maintain them and it is difficult In this paper we report about our efforts to set up a natural
to adapt their programming to even slightly changed envi-janguage speech interface that enabHIERMESto commu-
ronmental conditions or modified tasks. nicate eféctively with people in an almost natural way. In
Many humanoid type robots are currently being developedthe sequel (section 2) we revidldERMES situation-ori-

to overcome these limitations and to advance research iented control architecture that is key to the successful imple-
such demanding fields as design and safety measures, locorentation of natural communication skills (section 3). Phys-
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ical interaction with peopleis based on severa sensorimotor
skills which are presented in section 4. The overall system
performance may be assessed based on real-world experi-
ments which are described in section 5. Finally, section 6
provides conclusions.

2 TheHumanoid Service Robot HERMES
2.1 Design and Realization of HERMES

In designing our humanoid experimental robot we placed
great emphasis on modularity and extensibility [Bischoff
19938]. All drives are realized as modules with compatible
mechanical and electrical interfaces; each drive module
consists of two cubes rotating relative to each other and
containing a motor-transmission combination, power elec-
tronics, sensors, a micro-controller, and a communication
interface. A standardized CAN bus connects al drive mod-
ules with the main computer. HERMES runs on 4 wheels,
arranged on the centers of the sides of
its base. The front and rear wheels are
driven and actively steered, the lateral
wheels are passive.

The manipulator system consists of
two articulated arms with 6 degrees of
freedom each on a body that can bend
forward (130°) and backward (-90°).
The work space extends up to 120 ¢
in front of the robot. The heavy bas
guarantees that the robot will not loos&=

front. Currently each arm is equipp

with a two-finger gripper that is suffi
cient for basic manigation experi-
ments (Figure 1).

Main sensors are two video camer
on a pan-tilt platform. Numerous prdz
prioceptors such as angle encodej

sensors are integrated in the motor

modules, additional sensors may bamected via available

igure 1. Motion sequence to illustrate the e
%?rged work space gained by a bendddudy. The
current converters and temperatu§g, arms have 6 degrees of freedom each.
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behavior-based, which is now generally accepted as an effi-

cient basis for autonomous robots [Arkin 1998]. However,

to be able to select behaviors intelligently and to pursue
long-term goals in addition to purely reactive behaviors, we

have introduced a situation-oriented deliberative component

that is responsible for situation assessment and behavior
selection.

System overview. Figure 2 shows the essence of the
situation-oriented behavior-based robot architecture as we
have implemented it. The situation module (situation assess-
ment & behavior selection) acts as the core of the whole
system and is interfaced via “skills” in a bidirectional way
with all other hardware components — sensors, actuators,
knowledge base storage and MMI peripherals (man-machine
and machine-machine interface peripherals).

These skills have direct access to the hardware components
and, thus, actually realize behavior primitives. They obtain
certain information, e.g., sensor read-
ings, generate specific outputs, e.g.,
arm movements or speech, or plan a
route based on map knowledge.
Skills report to the situation module
via events and messages on a cyclic
or interruptive basis to enable a con-
tinuous and timely situation update
and error handling.

The situation module fuses via skills
data and information from all system
components to make situation assess-
ment and behavior selection possible.
Moreover, it provides general system
management  (cognitive  skills).
Therefore, it is responsible for plan-
ning an appropriate behavior se-
quence to reach a given goal, i.e., it
rb_as to coordinate and iniize the in-
built skills. By activating and deacti-
vating skills, a management process
within the situation module realizes
the situation-dependent concatenation of elementary skills

interfaces. A radio Ethernet interface allows to control the that lead to complex and elaborate robot behavior.

robot remotely. A wireless keyboard can be used to tele-|n general, most skills involve the entire information pro-
operate the robot up to distances of 7 m. Separate batteriegessing system. However, at a gross level, they can be clas-
for the motors and the information processing system allowsified into five categories besides the cognitive skilstor

a continuous operation of the robot for several houtsowit  gkj||s are simple movements of the robot’s actuators. They

recharging.
2.2 Behavior-Based Control of a Humanoid Robot

can be arbitrarily combined to yield a basis for more com-
plex control commands. Encapsulating the access to groups

Seamless integration of many — partly redundant — degreesf actuators, that form robot parts, such as wheelbase, arms,
of freedom and various sensor modalities in a comuleat body and headgads to a simple interface structure, and
calls for a unifying approach. We have developed a systenallows an easy generation of pre-programmed motion pat-
architecture that allows integration of multiple sensor mo- terns.Sensor skills encapsulate the access to one or more
dalities and numerous actuators, a&las knowledge bases sensors, and provide the situation module with propriocep-
and a human-friendly interface. In its core, the system istive or exteroceptive dat&ensorimotor skills combine
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both sensor and motor skills to
yield sensor-guided robot motions
e.g., vision-guided or tactile an
force/torque-guided motion skills
Communicative skills pre-process
user input and generate a valuahble
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provide means of more complex Sensors

data processing, e.g., path planning.

Actuators

description”. A single command
line or mission description with
multiple commands are either en-
tered directly via keyboard or or
spoken into the robot's micro-
homes or provided as a text file. A
text file may be either loaded from
a disk or received via e-mail. It
consists of an arbitrary number of
single commands or embedded
mission descriptions that let the
robot perform a required task.

All commands are written or spo-
ken in natural language and passed
to a command interpreter. If a com-
mand cannot be understood, is
under-specified or ambiguous, the

For a more profound theoretlcall—'igure 2: System architecture of a personal robot

d'scuss_'on on our system arCh'te%'n the concepts of situation, behavior and skills
ture which bases upon the concepts

of situation, behavior and skill see
[Graefe, Bischoff 1997] and [Bischoff, Graefe 1999].

basaiguation module tries to comple-
ment missing information from its
situated knowledge or asks the user

via its communicative skills to provide it (details are given
in the next section).

Implementation. A hierarchical multi-processor system is  Motion skills are mostly implemented at the microcolfeero
used for information processing and robot control. Monitor- |eve| within the actuator modules. High-level motor skills,
ing and control of the individual drive modules are per- such as coordinated smooth arm movements are realized by
formed by the sensors and controllers embedded in each dedicated DSP interfaced to the microcontrollers via a

module. The main computer is a network ofitdigsignal

CAN bus. Sensor skills are implemented on tHoS®s that

processors (DSP, TMS 320C40) embedded in a standar@lave direct access to digitized sensor data, especially

industrial PC. Sensor data processing (including vision),digitized images.
situation recognition, behavior selection and high-level mo-
tion control are performed by the DSPs, while the PC pro-
vides data storage and the human interface (Figure 3).

3 Human-Robot Communication
Since natural language is the easiest and most natural mode

A robot opeating system has been developed that allows 5¢ communication for a human it is desirable to integrate
sending and receiving messages via different channelgpeech recognition and output into most personal and ser-

among the different processors and microcontrollers. All

vice robots. Language can be used to instruatahet with

tasks and threads run asynchronously, but can be synchrgyigher.jevel goals or to intervene certain behaviors and mod-

nized via messages or

ify their execution. However,

events. The two cameras are
synchronized via hardware.
Image capture may be
simultaneous, e.g., when
stereo vision is to be per-
formed, or it may run asyn-
chronously, e.g., to provide
two different image capture
rates for two independent

host computer

Pentium CPU

multi-processor system

DSP | !_D;P

frame
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sensors actuators

frame
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to be accepted as cooperative
partners, robots must not
only have the ability to un-
derstand perfectly clear and
complete commands, but
they must also resolve ambi-
guities and complement
missing information that is
inherent in human conversa-

image processing tasks.

CAN bus

tion. In doing so, an intelli-

Overall control is realized a

gent robot should pursue two

actuators and| proprioceptors

M- | ] - - -

mobile body left arm right arm camera
platform manipulation system platform

a finite state machine capga-
ble of responding to priori-
tized interrupts and mest
sages. After powering up the

-

other
sensors

exterocepto

approaches: One, it should
use the current situation as a
relevant context, and two, it
may evoke additional infor-

——
L —q

cameras

robot finds itself in the stateFigure 3: Modular and adaptable hardware architecture for informatig@ation from the human

“Waiting for next mission processing and robot control.

through a dialogue.
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3.1 Communicative Skills

The communicative skills of the robots are mostly based on
natural language. Natural language is used both to instruct
the robot and to generate easy-to-understand messages for
the user. Commands may be input via voice (viaawireless
microphone) or keyboard (directly via a wireless keyboard
or indirectly via e-mail messages that may contain multiple
commands). The robot displays its messages either on a
screen or generates speech from text.

To enable natural language processing with limited compu-
tational resources, a simple grammar has been designed. It is
able to cover al the commands, statements and questions
that might be given to the robot. Command sentences have a
simple structure allowing them to be classified after the first
word, thus facilitating the interpretation of the following
words. Examples for command sentences are object and

-4 - Bischoff, Jain: Communication and Interaction

one part of a sentence of type “text string”. The following
syntactical analysis tries to identify the structure of the sen-
tence by comparing the list of types with a list of prototype
command sentences that includes all the commands the ro-
bot is able to understand. If the comparison is successful the
semantical analysis will eventually provide missingrag or
place holders (such as “it”) from tihebot’s situated knowl-
edge in order to make the command complete.

Language data base. The robot’s language data base is fed
by two text files: one provides the vocabulary, the other the
correct command syntax. The correct syntax is defined by
prototype commands that consist of a command word and an
arbitrary number of arguments:

COMMAND_WORD argumentl argument2 ... argument_n

The command word is in the imperative form of the verb,
e.g.,G0 TURN, TAKE, etc. Each argument is a place holder

action-oriented instructions such as “Go to the kitchen!”, or fo 5 specific group of words. Grouping is determined by
“Grasp the small ball!”. Directive instructions such as “Turn grammatical or semantical necessities, e.g., the group

around!” or more complex commands likeuffi leftatthe [ hr eposition] contains all prepositiond ¢, ont o,
next intersection!” are supported as well. Intervening com-j ¢ 0,...), the grouf obj ect ] contains the known objects
mands that do not contain a command verb are partly SUP{bal | , pen, table, ..), [l ocation] contains valid
ported, e.g., “faster” (instead of “move faster”). In this case places to go towor kshop, of fi ce, ki t chen, ..),
these adverbs are treated like single command words. Q“esf'nunber s] contains all valid numbers etc.

tions that start with specific key words are allowed as well,
e.g., “What”, “Where” and “How”. Only a few questions ‘" ) T
can be answered by the robot so far, e.g., “What is your stat | ©N] - To add more flexibility to the command syntax,
tus?”, “Where are you?”, “How do | get to the kitchen?” etc. multiple command c_ategorles have been fjefl_ned. Mandatory
The fixed syntax obviously does not allow an arbitrary reor- 2'gUMents are put into square brackgjs, optional argu-
dering of parts of the sentences, e.g., “Take the glass, the bigl€nts are preceded by a minus signfultiple arguments
one” or “The glass over there, please take it". Those sen®f the same type are indicated by round brackgts Man-
tences are nevertheless possible, if they had been defined Rftory extensions of the command words are given directly
advance (e.g., using the macro language described below)With no extra character.

3.2 Command I nter preter For the command word “go” the following prototypes have

A command interpreter handles all user input. It consists ofbeen defined (among others):

a parser, a lexical analysis, a syntactical analysis and a se- % (% I ?gagls,ioﬂ Ln] [l ocat i on]

mantical analysis (Figure 4). The parser is fed by a text @ -| Br egosi tion] [location] VIA ([Io-
string provided by the speech recognition module or a key- -5 on])

board. It separates the character string into a sequence oIIh tot ble the int tati f the followi
words and numbers using space, tabulator and punctuation ese pro 9 ypes enable Ihe interpretation of the following
characters as delimiters. This list is given to the lexical anal-OMMands: _
ysis where each word is looked up in a dictionary to obtain 1) “go wor kshop_, of fice,
its type. Possible types are command verbs (e.g., go, take?) ‘90 to the kitchen”
place), locations
(e.g., office, kitchen
workshop), preposi

A simple command prototype could b&0 [ oca-

ki t chen”

3) “go to the
kitchen via
: wor kshop

and office”

Situation Module

tions (eg to, on Command Interpreter | |

. el 1 il
ONto, in, iNto), Oby |aSteett, Sl parser o Aoy Sprncienl y SgmanealJ| Mesae Ly Jewo || The first command is
jects (e.g., ball, tar x interpreted in such a

Communicative Skills

way that the robot
would have to go to
the locationsnvor k-

ble, pen) and fill
words (e.g., please),
just to name a few. _

Character strings e igure 4: Visualization of the data flow between the peripherals of the man-maskmrqg’ of fi ce and

closed in quotatiofinterface, the communicativeitik and the situation module. The robot's current situafiorf Chen  (in- that
marks are treated asfluences the speech recognition and the semantical analysis of the command inté}ffl€tgr. The ability to

2 L.
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use a preposition in the second instruction lets it resemble To render the speech recognition more robust, larger word

natural language more closely. Since the preposition is op- classes such as [object] have been split into several classes,

tional it could as well be omitted without changing the way eg., [object to be manipulated] and [object used

the command is interpreted. However, that also means that for_navigation] which are now used as specific arguments

using other prepositions that do not make any sense, e.g., of the command words TAKE or GRASP and MOVE or

‘onto’ will not affect the interpretation: the robotlhalways GO. The fewer the number of words per class and the strict-
goto the kitchen. But other commands that particularly rely er the syntax, the better the results of the speech recognition
on the interpretation of the preposition could evaluate this will be because fewer hypotheses have to be verified. Also,
part of the sentence. Articles like “the” and “a” and conjunc- meaningful results are produced even under noisy condi-
tions like “and” are also recognized during the analysis of tions.

the sentence but are ignored, as well as superfluous wordgontexts. Another important way to increase tidbustness

like “please”. However, it is important to note that these of the speech recognition system has been the usage of so-
words may be typed or spoken, thus making the languagecalled contexts that contain only those grammatical rules and

interface more human-friendly. word lists that are needed for a ti@rlar situation. Most
Macro language. A macro language allows the user to de- parts of robot-human dialogues are situated arcdibdilt a
fine complex command prototypes consisting of simpler robot-environment or robot-human interactions, a fact which
commands, e.g.: may be exploited to enhance the reliability and speed of the
GO -[preposition] [location] VIA [|oca- recognition process. When the robot knows what kind of
tion] answers it may expect from the user at a given moment it
can switch to a context and disable or enable word lists that
GO [ paranet er 3] are appropriate for thaurent situation. For example, when
GO [optional _parameterl1] [paraneter?2] the robot asks for confirmati, whether it should execute a

) certain task or not, the answers will be most likely “yes” or
This macro language also allows to create synonyms OFng” and it would make no sense to expect, and to test, other
tl’anslatlons, l.e., the robot could also be commanded |r\NordS. By ||m|t|ng the set of recognizab|®ms or phrases

other languages, e.g., German or French, since their basihat can actually be expected, the risk of recognition mis-

Learning. There are two ways to extend the lexical and However, at any stage in the dialogue a few words and sen-
syntactical knowledge of the robot. One, the dictionary andtences not related to the current context must be available to
the command file may be dlreCﬂy edited since they are p|a|n[he user, too. These words are needed to “resmmtrap

text files. Two, based on a dialogue conducted by the robotg dialogue, to “hit the robot's emergency button” and to be
new words, argument classes gndtotypes may be added, aple to execute a few other important commands at any time.
and new macro commands can be learned during run time.gqr example, “HelloHERMES' is used to begin a new
3.3 Speech Recognition dialogue, “Stop” and “ldIt” are used for disrupting the ro-

Speech recognition is often difficult because of the high bot fromits current task, and “Stop listening” aiZbhtinue

level of ambient noise in the environment, e.g., inside alistening” are used for disabling and enabling the speech
moving car or in office environments where the ambient recognition engine.

noise includes various machinery sounds, telephones, movPepending on the prevailing situation and the type of dia-
ing persons or background conversations. Many methoddogue conducted, various contexts are activated that can be
have been proposed to increase the robustness of speedls easy as “Yes” or “No” wheHERMES expects such an
recognition systems, e.g., training in noisy environments oranswer, or as complex as a navigation context in which mul-
using multiple microphones, e.g., [Matsui et al. 1997]. tiple phrases and many words exist to allow complex robot
Since commercial systems able to cope with these problemsontrol, especially during supervised learning of environ-
are not yet available we require, for the time being, the hu-mental features. To teach the robot object and place names,
man to use an ordinary wireless microphone to send hig spelling context has been defined that mainly consists of
commands to the robot. The used speech recognition engin@e international spelling alphabet. Since the spelling alpha-
is a commercial product enabling speaker-independent recbet has been optimized for ease of use by humans in noisy
ognition of continuous speech, which means that users magnvironments, such as aircrafts, it should be well suited for
speak to the system naturally, without pauses betweerobotic applications, too.

words. This is a very iportant feature because it allows 3.4 Example: Buildinga Common Reference Frame

anybody to communicate with the robot without needing anyAn example of a typical dialogue used to define a place
training with the system. The speech recognition enginename is given in figure 5. It should be noted how often con-
generates text strings equivalent to the ones that may beexts are switched, depending on the robot’s expectations,
entered via the keyboard. thus improving the speech recognition considerably.
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This dialogue serves also as an example how robots and
people can build a common reference frame in their shared
working environment. While the robot is guided through the
environment or wanders around to exploreit, it meets people
who would like to share their knowledge about the environ-
ment. In fact, sharing knowledge and establishing a common
reference frame between a robot and humans is one of the
first steps to bring arobot into useful service.

HERMESi s in the navigation context which allows, among
others, the following instruction:

Human: “Memorize location.”

HERMES: “I am taking a panoramic image of the
location.”

Within the image several salient feature are memorized
added as attributes to a topological map of the environn
HERMES: “I have memorized the location. Do you
want to give a name to this location?”

HERMES switches to the YES'NO context.

Human: “Yes”

HERMES: “Please spell!”

HERMES switches to the spelling context.

Human: “Kilo India Tango Charlie Hotel Echo
November.”

HERMES: “The locationiscalledk i t ¢ h e n—
kitchen!”

HERMES switches back to the navigation context.
HERMES: “What else can | do for you?”

Figure5: Excerpt from a dia ogue between a human and HERMES
to name to a location. Sentences written in italic describe the
robot’s status or actions.

4 Human-Robot I nteraction
4.1 Tactile Sensing

Generally, specific tactile sensors are used for providing
robots with a haptic sense. Although we are working to-
wards the development of highly integrated high-resolution
tactile sensors to be placed on the gripper surfaces and
around the wheelbase, we have found other means of detect-
ing touch events that are helpful in guiding human-robot or
robot-environment interaction. We have been able to give
the robot a kind of kinesthetic sense by processing angle

HERMES moves its head 360° to take a panoramic imgge.

and
ent.

encoder values and motor currents. Kinesthesis is a “sens

mediated by end organs located in muscles, tendons, an
joints and stimulated by bodily movements and tensions”
[Babcock 1976]. Transferring kinesthetic sensing to the
robot for cetecting touch events means to detect distur-&
bances on the robot structure that do not result from internal
motion requests, but most probably from external circum-

stances.

Two kinesthetic sensing skills have been developed: one, fo
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es during pre-defined robot motions that are, however, un-
known to the sensing skill. While the first skill is being used

to interact with people in order to shake hands and to hand

over or take objects, the second skill alows the robot to
smoothly place grasped objects onto other objects. In both

cases angle encoder values are sampled at arate of 1 kHz

and low-passfiltered to yied a prediction for the next cycle.

If a new angle value deviates significantly from the pre-
dicted one, a touch event is signaled to the software module
that has requested to detect this touch event (Figure 6).

4.2 Taking, Giving and Placing Objects

Interaction with people and objects requires tactile sensor
skills. In combination with motor skills, such as gross arm
positioning, objects can be received from, or given to peo-
ple, or placed onto other objects. Since the robot is not yet
skilled enough to visually perceive the current pose of a
human hand in order to conform to it, it brings its arm into a
configuration where the human user could easily hand over
objects or receive them. A slight véttion (touch event) will
signal that a human has closed the kinematic chain and is
willing to receive or give an obgt. The robot then closes or
opens its gripper, respectively.

To place objects onto other objects, the arm with the grasped
object has to be grossly positioned first. Since the perceptual
abilities are still limited and do not allow to visually guide
the manipulator tip with the grasped object to the required
location, the arm is fully stretched out first, and then com-
manded to move the first elbow joint down while maintain-
ing a horizontal pose of the lower arm. Supervising all arm
modules for a touch event will indicate when eithemrtimt

arm or the grasped object have touched something. Figure 6
shows an example of the positioning error of the wrist joint
during the arm’s downward movement. As soon as a touch
event is detected, the arm is halted and the gripper is
opened, thus relieving immediately the minimal structural
stress upon the robot and the object that occurs when the
kinematic chain closes.
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Figure 6: Positioning error (desired position - current position) of
fhe wrist pitch joint during a grasped object’'s downward movement

detecting touch events or vibrations that occur on any part ofgyards a table. As soon as the object touches the table, the posi-
the robot structure; two, for detectingusual external forc-

tioning error increases, leading to the detection of a touch event.
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5 Experiments and Results

We conducted a number of real-world experiments with the
humanoid robot HERMES to eval uate the concept presented
in the preceding sections. An example that may serve to
show the potential of the concept, but also the limitations of
the current implementation, is depicted in Figure 7. The
corresponding dialogue with a human user isreprinted in the
sequel:

Human: “Hello, HERMES!"

Being in a state to wait for the next mission to accomplish or

a command to be executed, HERMES situation changes as

it is addressed with the words “HellelERMES”. This
standard greeting phrase is one of thegtapseHHERMES
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angle resolution of better than 0.05° and are sampled at a
rate of up to 1 kHz, very small external forces can be de-
tected and, thus, utilized to signal a touch event. AftER-

MES has successfully grasped the glass, it again waits for
further instructions.

HERMES “What else can | do for you?”
Human: “Place it onto the table!”

This sentence invokes a number of different behaviors. First

the robot has to find out what object the user has in mind
when referring to “it”, then it has to check whether it knows
the location of the table and &ty it has to approach it. If
all paraneters are known, the robot will break down the
instruction into elementary behaviors and ask for confirma-

is listening to all the time to be able to initialize and to start tion by repeating what it has understood.

a dialogue with a human user.

HERMES: “Hello! What can | do for you?”

Human: “Take over glass!”

Simple action- and object-oriented instructions consisting of
one command verb and an assigned object are mostly well
recognized by the speech recognition system, i.e., they yield
ahigh confidence level. Therefore, the robot will not ask the
user for confirmation before actually executing the com-
mand. A confirmation is only required if either the confi-
dence level is below a predefined threshold or the instruc-
tion would not make any sense in the current context or
invoke a number of more complex behaviors that would
keep the robot busy for acertain (estimated) amount of time.
This mechanism helps to keep the dial og between the robot
and the user as fluent as possible.

In this case, the robot checks its data base to figure out what
aglass looks like and how it has to be grasped to keep it in
an upright and safe pose. Since the robot is not skilled
enough to perceive the current pose of the glass (as held by
the human) it brings its arm into a configuration where the
human can easily hand over the glass. While the gripper is
opening it says:

HERMES: “Hand over glass, please!”

Now HERMESwaits for atouch event that it can recognize
with its proprioceptive sensors, specificaly an involuntary
movement of one or more of its joints that most probably
results from external forces. ASHERMES encoders yield an

N

HERMES: “I will search for the table, then | will ap-
proach the table, then I will place the glass onto the ta-
ble. Do you want me to do these tasks?”

Human: “Yes, please!”

Since the shape of the table is known, but its actual position
is unknown, the robot starts searching for it (based on the
segmentation of the image into obstacle-free and obstacle-
occupied regions and contour polygon matching [Bischoff
1999)). In this experiment two tables have been placed in
the robot’s field of view, so that no intensive search would
be necessary and the sample dialogue could continue.

HERMES: “I have found two tables. Shall | approach
the left or right table?”

If something unexpected happens or the robot’s situation is
ambiguous, it informs the user about its current status and
then asks for further instructions. The human has to clarify
the situation according to the choices given by the robot.

Human: “The left table!”

The speech recognition system only tries to identify the key
words “left” or “right” (apart from key phrases to start over
or end the current conversation). This improves considerably
speech recogtion and allows other phrases such as “The
left one!” or just the word “left”. The final docking to the
table is performed using a visual servoing method [Bischoff,
Graefe 1998]. The behavior of placing an object onto an-
other object is again performed utilizing the kinesthetic
sense described above.

|

Figure 7: HERMES performing a simple service task upon user request: a) greetingeaaidng first instructions (via a wireless
microphone); b) receiving a glass from the user using kinesthetic sensing; not shown: further conversation with themnsgrtagionext
(see text); c) and d) approaching left table using a visual servoing method; €) placing glass onto the table.
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HERMES: “What else can | do for you?” lead to the development of personal robots in the future. In
Human: “Nothing. Thank you!” contrast to todays specialized service robots these personal

To end the conversation with the robot the user specifies robots could wll be used in many different environments
that “nothing” is left that the robot could do for him. Now it (domestic, public and industrial) for a variety of tasks (e.g.,

is the robot’'stirn to decide what to do next: waiting for the elderly care, helping handicapped people, assistance in fac-

next mission to accomplish or to obey internal “needs”, e.g_’torles).
to go to the maintenance workshop or battery charger.

This dialogue is a representative example of some of th . )
capabilities of the robot. Natural language recognition is%?_thank _Mr. Nicolas Dalstein (ENS_I, Caen, France) for
writing major parts of the command integper, and espe-

currently restricted to spoken language with a fixed grammar

(mostly imperative sentences that have a relatively SimpleC|aIIy Prof. Dr. Volker Graefe for the many fruitful discus-

structure). Nevertheless, the robot shows already fairly coSions we had.
operative and communicative behaviors as appropriate in its

actual situation.
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