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Abstract industrial) for a variety of tasks (e.g., elderly care, helping

handicapped people, assistance in factories) is a challenging
task. Much research is still needed to improve considerably
design and safety concepts, locomotion and manipulation capa-

meantime. With its omnidirectional wheel base, body, head an(})thes, cooperation and communication abilities, reliability,

: and — probably most importantly — adaptability, learning capa-
two arms it has 18 degrees of freedom and resembles a hum.atﬂlities and sensing skills. To advance research in these fields

in height and shape. Its main exteroceptive sensor modality i$/e have developed the experimental rdBBRMES based on

stereo vision. A variety of proprioceptive sensors further en- . - - .
hances its perceptual abilitiesERMES is used as an experi- our previously gained experiences [Bischoff, Graefe 1998].

mental platform to advance research in human-friendly man-In the sequel, we presédERMES as it has been designed and
machine interaction, mobile manipulation, environmental ex- realized and give an overview of It_s contrql architecture.
ploration and navigation. To study autonomous human-like Examples of skl!lful behaviors that provide golutlgns to some pf.
cooperative behavior a robot operating system has been deveihe a_lbove-mentloned challenges are described in more detail in
oped that allows an easy implementation, coordination andS€ction 3. The actual overall system performance can be as-
execution of various skills leading to several goal-directed andS€SS€d based on real-world experiments which are described in
elaborate robot behaviors. In additioHERMES can be  Section 4. Finally, section 5 provides conclusions.

teleoperated in all its degrees of freedom, making it ideally ) )

suited for entertaining people with a variety of pre-programmed 2 1 h€ Humanoid Service Robot HERMES

motion sequences. Experiences gained in the development &#.1 Design and Realization of HERMES

the robot and in initial experiments designed to allow an as-|, designing our humanoid experimental robot we placed great
Sessme_:nt of th? ov_erall system performance as well as Impleémphasis on modularity and extensibility [Bischoff 1997]. All
mentation details will be reported. drives are realized as modules with compatible mechanical and
. electrical interfaces; each drive module consists of two cubes

1 Introduction rotating relative to each other and containing a motor-transmis-
Although the vast majority of robots today are used in factories,sion combination, power electronics, sensors, a micro-control-
advances in technology are enabling robots to automate manker, and a communication interface. A standardized CAN bus
tasks in non-manufacturing industries such as agriculture, coneonnects all drive modules with the main compUt&RMES
struction, health care, retailing and other services. Theseruns on 4 wheels, arranged on the centers of the sides of its
so-called “field and service robots” aim at the fast growing base. The front and rear wheels are driven and actively steered,
service sector and promise to be a key product for the nexthe lateral wheels are passive.

decades [Schraft, Schmierer 1998]. The manipulator system consists of two articulated arms with 6
A first generation of service robots already assists or rational-degrees of freedom each on a body that can bend forward
izes manipulation, transportation and processing tasks in vari{130°) and backward (-90°). The workese extends up to 120
ous service domains. Possible application areas include clearem in front of the robot. The heavy base guarantees that the
ing, transport and handling of goods, surveillance and protectobot will not loose its balance even when the body and the
tion of buildings, construction and maintenance. All robots arms are fully extended to the front. Currently each arm is
working in these domains have been designed to provide speequipped with a two-finger gripper that is sufficient for basic
cial solutions for specific problems. They rely on detailed manipulation experiments (Figure 1).

teaching and programming and carefully prepared environ-main sensors are two video cameras on a pan-tilt platform.
ments. It is costly to maintain them and it is difficult to adapt Numerous proprioceptors such as angle encoders, current con-
their programming to even slightly changed environmental yerters and temperature sensors are integrated in the motor
conditions or modified tasks. modules, additional sensors may be connected via available
To develop the next generation of service robots that could benterfaces. A radio Ethernet interface allows to control the
used in many different environments (domestic, public androbot remotely. A wireless keyboard can be used to teleoperate

The humanoid service robot HERMES, first introduced as a
concept at the First International Field and Service Robotics
Conference FSR’97 in Canberra, was actually built in the
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the robot up to distances of 7 m. Sepa-
rate batteries for the motors and the
information processing system alow a
continuous operation of the robot for
several hours without recharging.

2.2 Behavior-Based Control of a
Humanoid Robot

Seamless integration of many — partly;
redundant — degrees of freedom and
various sensor modalities in a complexy
robot calls for a unifying approach. Wi
have developed a system architecture
that allows integration of multiple sen
sor modalities and numerous actuatogs
as well as knowledge bases and
human-friendly interface. In its core
the system is behavior-based, which
now generally accepted as an efficie
basis for autonomous robots [ArkiFigure 1: Motion sequenceto illustrate the enlarged
1998]. However, to be able to selestork space gained by a bendable body. The two
behaviors intelligently and to pursuerms have 6 degrees of freedom each.

long-term goals in addition to purely

reactive behaviors, we have introduced a situation-oriented
deliberative component that is responsible for situation asses
ment and behavior selection.
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However, at a gross level, they can be
classified into five categories besides

the cognitive skillsMotor skills are
simple movements of the robot’s actua-
tors. They can be arbitrarily combined
to yield a basis for more complex con-
trol commands. Encapsulating the ac-
cess to groups of actuators, that form
robot parts, such as wheelbase, arms,
body and head, leads to a simple inter-
face structure, and allows an easy gen-
eration of pre-programmed motion pat-
terns. Sensor skills encapsulate the
access to one or more sensors, and pro-
vide the situation module with proprio-
ceptive or exteroceptive datgensori-
motor skills combine both sensor and
motor skills to yield sensor-guided ro-
bot motions, e.g., vision-guided or tac-
tile and force/torque-guided motion
skills. Communicative skills pre-pro-
cess user input and generate a valuable
feedback for the user according to the

current situation and the given application scenario. The sys-
Yem's knowledge bases are organized and accessethteia

processing skills. They return specific information upon re-

2.2.1 System Overview

quest and add newly gained knowledge (e.g., map attributes) to

Figure 2 shows the essence of the situation-oriented behaviorthe robot’s data bases, or provide means of more complex data
based robot architecture as we have implemented it. The situagrocessing, e.g., path planning. For a more profound theoretical
tion module (situation assessment & behavior selection) acts adiscussion on our system architecture which bases upon the
the core of the whole system and is interfaced via “skills” in a concepts of situation, behavior and skill see [Graefe, Bischoff
bidirectional way with all other hardware components — sen-1997] and [Bischoff, Graefe 1999].

sors, actuators, knowledge base storage and MMI peripherals 5 > I mplementation

(man-machine and machine-machine interface peripherals).

A hierarchical multi-processor system is used for information

These skills have direct access to the hardware components,,cessing and robot control. The control and monitoring of the

and, thus, actually realize behavior primitives. They obtain

individual drive modules is performed by the sensors and con-

certain information, e.g., sensor readings, generate Specifi¢riers embedded in each module. The main computer is a

outputs, e.g., arm movements or speech, or plan a route bas

twork of digital signal processors (DSP, TMS 320C40) em-

on map knowledge. Skills report to the situation module via heqded in a standard industrial PC. Sensor data processing

events and messages on a cyclic or interruptive basis to enable
a continuous and timely situation up-
date and error handling. Knowledge
The situation module fuses via skills Base
data and information from all system Storage

MMI
Peripherals

Situation

fore, it is responsible for planning Assessment

appropriate behavior sequence to res Behivior
a given goal, i.e., it has to coordinate Selesion

and initialize the in-built skills. By ac|
tivating and deactivating skills, a man-
agement process within the situatipn
module realizes the situation-depend-
ent concatenation of elementary skills
that lead to complex and elaborate ro-Sensors
bot behavior.

In general, most skills involve the efjgyre 2. System architecture of a personal robot
tire information processing SysteMased on the concepts of situation, behavior and skills.

Sen e

Sorimotor

Actuators

(including vision), situation recogni-
tion, behavior selection and high-level
motion control are performed by the
DSPs, while the PC provides data stor-
age and the human interface (Fig. 3).

A robot operating system has been de-
veloped that allows sending and
receiving messages via different chan-
nels among the different processors
and microcontrollers. All tasks and
threads run asynchronously, but can be
synchronized via messages or events.
The left and the right cameras are syn-
chronized via hardware, but software
needs to make sure that images are
digitized at the same time when stereo
vision is to be performed. However,
image acquisition can as well run asyn-
chronously, e.g., to provide two differ-
ent image capture rates for two inde-
pendent image processing tasks.
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host computer furthermore required that. all modules start and finish their
movements at the same time. Therefore, the ramp parameters
T I EREEse Sy Em are individually computed for each module, considering the
motion capabilities of the slowest one at a given moment. The
d'iveCTsz'f'\l’l' governing DSP finally transmits them to the microcontrollers
[CAN contoe DsP @ s that actually provide accurate ramp control at a rate of 1 kHz.
CAN frame frame 32 SenSOI‘ Skl||S
o] [ g'abiber Sensor skills encapsulate in their simplest form access to the
I proprioceptive (joint angles, motor currents, battery voltage,
CAN bus etc.) or exteroceptive sensor data (visual, tactile, hearing, etc.).
— : Iactl;ators Iantli pro;irioc;eptors e)lderiwr epto 3.2.1 Visual sensing
M][M] -~ | [M] [M][M]~ [m][M]-f [M][M]- [M][M]-- =3 One of the most needed sensor skills is to detect objects in the
mobile || body leftarm  right am camera other robot’s surroundings. Among the objects that a mobile robot
platform manipulation system platform sensors || cameras . . . . . .
needs to detect while navigating in an office environment are
Figure 3: Modular and adaptable hardware architecture for informa- corridors, junctions, doors, work places (e.g., tables) and infor-
tion processing and robot control. mation signs (e.g., door plate€)bstacles need to be detected

as well but since they may have arbitrary appearance in terms
of shape, texture and rigidity, a method that would be suitable

ing up the robot finds itself in the state “Waiting for next mis- for the detection of all kinds of obstacles cannot be given. In-
sion description”. A mission description is provided as a text stead, we make some basic assumptions about the appearance

file that may be either loaded from a disk or received via e-mail®f the background when it is obstacle-free (see, e.g., [Horswill
or entered via keyboard. It consists of an arbitrary number oft994])- Thus, by identifying these obstacle-free areas, the robot

single commands or embedded mission descriptions that let thiill automatically get hints about where obstacles, but as well
robot perform a required task. All commands are written in ob!ects of interest, mlght be chated. Although we have to re-
natural language and passed to a parser and an interpreter. ifsirict our robot to working environments where the floor does

command cannot be understood, is under-specified or ambiguf€ither have bright reflections nor shadows nor texture (big
ous the situation module tries to complement missing informa-Pa1terns), this method is very reliable, fast to compute (on sin-

tion from its situated knowledge or asks the user via its com-9!€ 2-D images) and rather conservative, preferring false posi-
municative skills to provide it. tives to false negatives.

In the current implementation commands have to be typed andédmentation of field of view: Robust segmentation is pro-
the robot's responses are written to a display or sent via e-mailVided by a multilevel image processing algorithm that self-

Integration of speech recognition and speech output is We”initi.alizes to Fhe floor color in frqnt of the robot and adapts
under way so that eventually bothiteen and spoken instruc-  during operation, so that changes in brightness can be compen-
tions will be understood. Motion skills are mostly implemented Satéd to some extend. Fast image processing is a prime prereq-
at the microcontroller level within the actuator modules. High- uisite for contlnuoqs and_ smoot_h robot mo_t|on c_ontrol. There-
level motor skills, such as coordinated smooth arm movementd©re, only a one-dimensional simple gradient filter has been

are realized by a dedicated DSP interfaced to the micro-2PPlied, scanning the image from bottom to top and left to right

controllers via a CAN bus. Sensor skills are implemented onfor contour points that mark the transition between obstacle-

those DSPs that have direct access to digitized sensor dat&/€€ areas and obstacles. Applying the filter in one column is
especially digitized images. abandoned as soon as a contour point is detected or a given

search height is reached that corresponds to a desikd |
ahead distance. Rows can be processed as well with a one-
3 Realization of Skillful Behavior dimensional gradient-filter to ensure the detection of vertical
In this section we show how skillful goal-directed behavior can €dges, but only in the area being marked as obstacle-free after
be achieved by combining simple motor and sensing skills tothe column search. The remaining contour points are median-
more complex sensorimotor skills, and describe how communi-filtered to eliminate outliers and fitted to a polygon using an
cative and data processing skills are realized. iterative end point fit algorithm. This er'dS a high-speed, yet

3.1 Motor Skills

Motor skills are simple, yet fundamental, movements of the
robot’s joints, e.g., moving a single module to a certain position
or changing its current velocity. High-level motor skills provide

access to groups of modules that form specific robot parts (e.gf,
wheelbase, arms, or head), and generate more complex motic?f

Overall control isrealized as afinite state machine capable of
responding to prioritized interrupts and messages. After power-

patterns, e.g., they move the arms to a certain position relativ
to their actual position or set new velocities for all the modules

at the same time. Moving an arm requires the definition of Fjgyre 4: Gradient filtering along vertical search paths yields
ramp parameters (end position, maximum velpplty and accelertontour points that mark the transition between the floor and other
ation) for each joint to reach a given end position. To generatephjects. Left: typical corridor image with an open door as a possible
smooth arm movements at each positioning request, it isobstacle. Right: two tables as possible docking objects.
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robust, image segmentation into obstacle-free and obstacle-
occupied regions. Ancther advantage of this algorithm is that
its computation time is bounded to 100 ms in the worst case,
i.e., when no obstacle isin front of the robot and both vertical
and horizontal gradient filters are applied. A typical corridor
image is processed within 30 ms, and if obstacles are present in
the path of the robot (e.g., Figure 4, left), processing time fur-
ther reduces, thus allowing atimely response.

Object detection and recognition: Built upon this sensor skill
of segmenting the image and yielding a polygon of the contour,
other skills have been established that enable the robot to de-
tect and recognize, or at least to derive hypotheses about the
presence of objects in the scene relevant for navigation, e.g.,
junctions, doors and docking stations (e.g., tables shown in
Figure 4, right). Upon object recognition, reference points and
lines are identified (based on procedural and object data
knowledge) and subsequently used for tracking.

Tracking of object features. Prerequisite for tracking objects
is areliable and fast image processing. Although image pro-
cessing hardware and software consistently advance, it is till
best to choose simple features and to verify their geometrical
relationships during tracking. Edges and corners are the basis
for our feature tracking algorithms. Edge points are fitted by a
linear regression method to yield line parameters; corners are
identified as line crossings. Well defined search windows
around the chosen features of interest and adaptive thresholds
are used to track them despite specular reflections and difficult
illumination conditions, in general, at field rate.

3.2.2 Tactilesensing

To enable a robot to perceive objects by a sense of touch, in
generd, tactile sensors are required. Although we are working
towards the devel opment of highly integrated and high resolu-
tion tactile sensors to be placed on the gripper surfaces and
around the wheelbase, we have found other means of detecting
touch events that are helpful in guiding human-robot or robot-
environment interaction. By intelligently processing angle
encoder values and motor currents we are able to provide kin-

esthetic sensing. Kinesthesis is a “sense mediated by end or
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jointsthat do not result from internal motion requests but most
probably from external circumstances.

Two kinesthetic sensing skills have been developed: one, for
detecting touch events or vibrations that occur on any part of
the robot structure; two, for detecting unusual external forces
during pre-defined robot motions that are, however, unknown
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 allows to smoothly place grasped ob-
jects onto other objects. In both cases angle encoder values are
sampled at a rate of 1 kHz and low-pass filtered to yield a pre-
diction for the next cycle. If a new angle value deviates signifi-
cantly from the predicted one, a touch event is signaled to the
software module that has requested to detect this touch event
(Figure 5).

3.3 Sensorimotor Skills

Combining a few of the above-mentioned motor and sensor
skills yields sensor-guided robot motion that leads to goal-di-
rected robot behavior.

3.3.1 Fixating

Visually fixating an environmental point of interest requires,
first, a sensor skill that continuously delivers the image coordi-
nates of this point with respect to a predefined fixation point in
the image, and second, a motor skill that computes motion
control words for the camera head motors in order to minimize
the difference between reference and fixation point. A simple
proportional control law is used to derive the velocities of the
camera head motors: The difference in the y- coordinate bet-
ween reference and fixation point is used to control the velocity
of the tilt axis (elevation angle of the camera) and the differ-
ence in the x-coordinate is used to compute the required veloci-
ty for the pan-axis (azimuth).

3.3.2Wandering around with obstacle avoidance

Wandering around is a basic behavior that can be used by a
mobile robot to navigate, explore and map unknown working
environments. Our implementation requires the above-men-
tioned segmentation and fixating skills as well as basic motor

gans located in muscles, tendons, and joints and stimulated b§ki|ls for controlling the wheelbase. We further assume that the

bodily movements and tensions

kinesthetic sensing to the robot for detecting touch events

" [Babcock 1976]. Transferring C@meras cannot be rotated around their longitudinal axis, i.e.,

the top of the world is represented in the top of the images, and

means to detect tensions on the robot structure or torques at tHal OPIects to be detected rest on the ground plane. After having
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Figure 5: Positioning error (commanded position - actual position)

of the wrist pitch joint during the grasped object’'s downward

segmented the image in obstacle-free and occupied areas, the
robot can pan its camera head towards those obstacle-free re-
gions that appear to be largest. If such a region is classified as
large enough, the steering anglef both wheels is set to half

of the camera’s head pan angland the robot moves forward
while continuously detecting, tracking and fixating this area.
The robot will continue its smooth wandering locomotion until

it reaches a dead end. Then, the robot stops and invokes a
search pattern that scans the floor around the robot. At least in
the robot’s back (where it has come from) an obstacle-free path
should be found. In this case the camera points backwards (pan
anglea = 180°) and the steering angles for both driven wheels
are set ta = 90°, according to the given control lan= a/2).

Thus, while the robot tries to move forward, it turns on the
spot, and, automatically leaves the dead end situation.

3.3.3 Docking (approaching obj ects)

movement. As soon as the object touches the table, the positioning he main task of a mobile service robot with manipulator arms

error increases, leading to the detection of a touch event.

is to manipulate various objects at different locations. Prerequi-
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site for manipulating objectsis to bring them into the working
range of arms and grippers, i.e., to navigate the robot suffi-
ciently close to the object to be manipulated. We propose a
visual servoing method enabling the robot to approach objects

Bischoff: Advances in DevelopmetERMES

touch event will indicate when either the robot arm or the
grasped object have touched something. Figure 5 shows an
example of the positioning error of the wrist joint during the
arm’s downward (and the wrist joint’s upward) movement. As

that are in its field of view and to stop in front of them at a pose
(position and orientation) that is suitable for subsequent manip-
ulation. It is based on the continuous tracking of a predefined

soon as a touch event is detected, the arm is hated and th
gripper is opened, thus relieving immediately the minimal
structural stress upon the robot and the object that occurs whel

reference line that corresponds to a physical edge of the dock-

ing object (e.g., a table’s front edge) and the fixation of a refer-
ence point of the object (e.g., a table corner).

Prerequisites for showing this docking behavior are the seg
mentation skill (as a basis for object detection), the fixation
skill (for keeping the object’s reference point at the fixation
point in the center of the image), motor skills (for wheelbase
control) and cognitive skills (for deriving control words de-

pending on the robot’s perceived situation).

The main idea of the docking behavior is to derive the steering,

anglei at each moment from the values of the pan anglee
slope of the reference lima= tan # in the image and the tilt
angley in order to maneuver the robot into its predefined final
docking pose (e.gg = 0° = 0° y = y44)- More details of the
docking behavior are beyond the scope of this paper and may
be found in [Bischoff, Graefe 1998].

3.3.4 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 people, 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 touch event will signal that a human has closed the
kinematic chain and iswilling to receive or give an object. The
robot then closes or opensits 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 till 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, commanded to
move the first elbow joint down and the wrist joint up with the
same velocities, to yield a downward movement of the gripper
and, at the same time, to keep it aligned with an assumed hori-
zontal surface (e.g., atable). Supervising all arm modules for a

Figure 6: HERMES performing a simple service task upon user request: a) recelving atray (with abottle and a glass) from a user; b) navigating

the kinematic chain closes.

3.4 Communicative Skills

Communication between an operator and the robot takes place
on ahuman level of abstraction, i.e., the robot can be instructed
via imperative sentences in amost natural language. For con-
versing dialogs the robot generates simple pre-programmed
sentences that take some variables, such as place names or
known command words. Currently, the robot is restricted to
display its messages on a screen or to shake or nod its head in
esponse to some questions, but speech recognition and speech
output are being implemented and will certainly enhance the
robot’s communicative skills.

3.5 Data Processing Skills

Data processing skills organize and access the system’s knowl-
edge bases. Three types of knowledge bases are being used: an
attributed topological map for storing the static characteristics
of the environment (for details see [Graefe, Bischoff 1997]), an
object data base and a list of missions to accomplish. Depend-
ing on his preferences and on the abilities of the robot, the user
may define the robot’s mission in more or less detail. A mission
description may either consist of a detailed list of actions (e.qg.,
elementary behaviors) that are to be executed sequentially by
the robot, or only of a single command if the user has enough
confidence in the robot’s planning abilities. For instance, a
route is planned by a data processing skill based on Dijkstra’s
shortest path algorithm in terms of vision-guided navigation
behaviors, e.g., leave home base, turn right, stop at the second
door to the right (no coordinates are used).

4 Experiments and Results

An experiment designed to allow an assessmeAERMES
actual overall performance based on its currently implemented
skills has been conducted (Figure 6). First, a mission descrip-
tion containing a list of commands (Figure 7) has been sent to
HERMES’e-mail address (hermes@unibw-muenchen.de).

in anetwork of hallways towards the commanded goal |ocation; ¢) approaching atable at the goal location and d) placing the tray onto it.
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go to the secretari at

take over tray

pl ace tray onto the table in the kitchen
go hore

Figure 7: Simple mission description provided as atext file.

To acknowledge the reception of a this valid user request,
HERMES sends back a message stating that it will execute the
commanded mission. One could say that its situation has
changed the moment the message arrived (by setting a new
transient goal). The required paths to the secretariat, to the
kitchen and to its home base are planned in terms of elemen-
tary navigation behaviors (see section 3.5). After having ar-
rived at the secretariat HERMES bringsits arm and gripper into
an appropriate pose. From its knowledge base it knows how it
hasto grasp atray so that objectson it will not fall down. When
the user places the tray between the two fingers of the gripper
and thereby slightly moves one of the fingers, HERMES per-
ceives a touch event, and closes the gripper. HERMES s able
to check for the presence of an object between its fingers by
identifying their stop positions. If an object is present, HER-
MES must assume that the right object had been handed over,
asitisnot yet able to visualy verify the presence of the tray.
Theresfter, HERMES proceeds on its way to the kitchen. Once
arrived, it searches for the table and initializes the vision-guid-
ed docking behavior, as the table may have moved since the
last mission to this location. After having successfully ap-
proached the table, the tray is being placed onto it. Finally,
HERMES continues with the last listed command and returns to
its home base. From there it sends an e-mail message to notify
the user about the successful completion of the task.

This simple fetch and carry experiment is a representative
example of some of the capabilities of the robot. The robot is
not yet capable of showing fully cooperative behavior, because
the perceptual abilities are limited and speaker-independent

speech recognition — required for a more natural dialogue-ori-
ented task instruction and supervision — is not yet implemented.
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effects caused by collisions betwddBRMES’manipulators
and other objects. Nevertheless, high resolution tactile sensors
for both grippers and around the wheelbase are being devel-
oped to enhance the robot’s perceptual abilities.

Many more experiments have been carried out and other be-
haviors have been created based on the elementary skills pre-
sented here, such as filling a glass with water (including recog-
nition of the glass and the water level) and following persons.
Many pre-programmed control sequences and taught motion
patterns can be modified and executed via a wireless keyboard,
thus allowingHERMESto be teleoperated in all its degrees of
freedom for entertaining purposes.

6 Conclusions and Outlook

Still much research is needed to endow future personal or ser-
vice robots with skills enabling their deployment in massive
numbers in environments cohabited by humans. Since users of
such robots will not be robotic experts, the robot design has to
be the more human-like and its control has to be the more
human-friendly, the closer the contact with humans will be.

If a robot's sensor modalities include vision, touch and hearing
they allow an understanding of the actual situation being per-
ceived by both the robot and the user on a similar level of ab-
straction. This is prerequisite for instructing the robot in a natu-
ral way and for all kinds of cooperative tasks to be performed.

Due to the innate characteristics of the situation-oriented
behavior-based approach that we proposed for control, our
humanoid service robéiERMES is able to cooperate with a
human and to accept orders that would be given to a human in
a similar way. To improve the human-friendliness of the inter-
face further, spech recognition and speech output capabilities
will be added, and to improve manipulation and navigation
skills both grippers and wheelbase will be equipped wittiléac
sensors.
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